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VECTOR ENCODING HUMAN GLOBIN GENE AND

USE THEREOF IN TREATMENT OF HEMOGLOBINOPATHIES

Statement Conceming Government Funding

This application was supported by funds provided under NHLBIgrant No.

HL57612. The United States government mayhavecertain rights in the invention.

Statement Concerning Related Applications

This application claims the benefit of US Provisional Application No. 60/301,861

filed June 29, 2001 and US Provisional Application No. 60/302,852 filed July 2, 2001, both of

which are incorporated herein by reference.

Background of the Invention

This application relates to a vector comprising a mammalian, and particularly a

human globin gene andto the use thereof in treatment of hemoglobinopathies, including a- and

f-thalessemia and sickle-cell disease.

Currenttreatment modalities for B-thalassemias consist of either red blood cell

transfusionplusiron chelation (which extends survival but is cumbersome, expensive and an

imperfect therapy), or allogeneic bone marrow transplant (whichcarries a lethalrisk and is not

available to the majority of patients). Thus, there is a substantial need for improved therapeutic

approaches. The present invention provides a genetic correction in autologous hematopoictic

stemcells, thus using gene therapy to provide a less-risky and more effective long-term

treatment.

While gene therapy has been proposed for many years, a significant challenge

facing efforts to develop genc therapy vectors is the ability to produce therapeutically useful
levels of a desired protein or peptide. The present invention provides a vector whichis capable

of providing therapeutically meaningful levels of human globin for sustained periods of time.

-l-
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This ability arises from the ability to transmit large genomic regulatory sequences that control

expression of the therapeutic gene.

Summary of the Invention

In accordance with the invention, a recombinant lentiviral vector is provided

comprising:

(a) a region comprising a functional globin gene; and

(b) large portions of the B-globin locus control regions which include

large portions of DNaseI hypersensitive sites HS2, HS3 and HS4. The regions may be the

complete site or somelesser site which provides the same functionality as the specific sequences

set forth below. This vector provides expression of B-globin when introduced into a mammal,

for example a human, in vivo. Optionally, the vector further comprises a region encoding a

dihydrofolate reductase.

By incorporation of different globin genes, the vector of the invention may be

used in treatment of hemoglobinopathies, including a- and B-thalessemia and sickle-cell disease.

For cxample, hcmatopoictic progenitor or stem cells may be transformed ex vivo and then

restored to the patient. Selection processes may be used to increase the percentage of

transformed cells in the retumed population. For example, a selection marker which makes

transformed cells more drug resistant than un-transformed cells allows selection by treatment of

the cells with the corresponding drug. Selection and/or enrichment mayalso be carried out im

vivo, for example using methotrexate or similar antifolates to select for cells rendered resistant by

the expression from the vector of a dihydrofolate reductase (DHFR).

Brief Description of the Drawings

Fig. 1 shows the genomicstructure of a recombinant onco-retroviral vector in

accordance with the invention.
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Fig. 2 shows the genomicstructure of recombinant onco-retroviral vector within

the scope of the invention.

Fig. 3 shows experimental results demonstrating increased mean B-globin

expression in transduced MELcells.

Fig. 4 showsthe average vector copy numberin peripheral blood cells, measured

periodically for 24 weeks, which confirms showedhighly efficient gene transfer in cells

transduced with the vector of the invention.

Figs. 5A and B show human B-globin expression per endogenousallele 12 days

and 22 weeksafter introduction ofcells transduced with the vector of the invention.

Fig. 6 shows haematocrit level, red blood cell count, reticulocyte count and

haemoglobinlevel fifteen weeks after transplantation with unselected TNS9-transduced Hbb***
bone marrow.

Detailed Description of the Invention

Inafirst aspect of the present invention, a recombinantlentirviral vector is

provided comprising:

(a) a region comprising a functional globin gene; and

(b) large portions of the B-globin locus control regions, which include

DNase I hypersensitive sites HS2, HS3 and HS4.

Asusedin the specification and claims hereof, the term “recombinantlentiviral

vector” refers to anartificially created polynucleotide vector assembled froma lentiviral-vector

and a plurality of additional segments as a result of human intervention and manipulation.

The term “functional globin gene”refers to a nucleotide sequence the expression

of which leads to a globin that does not produce a hemoglobinopathy phenotype, and whichis

effective to provide therapeutic benefits to an individual with a defective globin gene. The

functional globin gene may encode a wild-type globin appropriate for a mammalian individual to

be treated, or it may be a mutant form of globin, preferably one which provides for superior

-3-
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properties, for example superior oxygen transport properties. The functional globin gene

includes both exonsand introns, as well as globin promoters and splice doners/acceptors.

Suitably, the globin gene may encode «-globin, B-globin, or y-globin. B-globin promoters may

be sued with each of the globin genes.

The recombinant vectors of the invention also include large portions of the locus

control region (LCR) which include DNase I hypersensitive sites HS2, HS3 and HS4. In prior

studies, smaller nucleotide fragments spanning the core portions of HS2, HS3 and HS4 have

been utilized. Sadelain et al. Proc. Nat'l Acad. Sci. (USA)92: 6728-6732 (1995); Lebouichet al.,

EMBO J. 13: 3065-3076 (1994). The term “large portions” refers to portions of the locus control

region which encompasslarger portions of the hypersensitive sitcs as opposed to previously

tested fragments including only the core elements. The regions may be the complete site or some

lesser site which provides the same functionality as the specific sequences set forth below. In

preferred embodiments of the invention, the large portions of the locus control regions are

assembled from multiple fragments, each spanning one of the DNase I hypersensitive sites. In

addition, the locus control region has two introduced GATA-1 bindingsites at the junction

between HS3 and HS4. While not intending to be boundby any specific mechanism,it is

believed that the incorporation of these transcription factor binding sites enhances the

effectiveness of the vector.

The genomic structure of one embodiment of the vector of the invention (TNS9)

is shown in Fig. 1. TNS9 incorporates human §-globin gene (from position -618 to +2484) that

includes an extended promoter sequence and a 3'-enhancer element. Optionally, a portion of 3'

U3 region of the lentiviral backbone can be deleted for increased safety. In Fig. 1, the exons and

introns of the human B-globin gene are represented by filled and open boxes, The locations are

indicated for the splice donor (SD), splice acceptor (SA), packaging region (1p), rev-response

element (RRE), human B-globin promoter (P) and 3'-B-globin enhancer (E). Thus, in the vector

TNS9, a functional B-globin gene, which includes both the exons and introns of the gene and the

relevant control sequences from the human B-globin locus. These are combined with the large

-4-
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fragments of the locus control region. The 3.2 kb LCR assembled into dTNS9consists of an 840

bp HS2 fragment (SnaBI-BstXT), a 1308 bp HS3 fragment (HindII-BamHI) and a 1069 bp HS4

fragment (BamHI-BanI)).

In a further aspect of the invention, the B-globin gene coding sequence can be

exchanged and replaced with either the gammaglobin gene(for sickle cell disease) or the alpha

globin gene (for alpha-thalassemias). In one strategy, a Ncol-Pst I fragment of the B-globin gene

is replaced with the corresponding Ncol-HindIII fragment of the gammaglobin geneorthe

Ncol-PstI fragment of the human alpha globin gene. These fragments start at the translational

start of each globin gene (spanning the Ncolsite) and end pasttheir respective polyadenylation

signals. In the second strategy, chimeric genes can be generated by only swapping the coding

sequenceof each oneofthe three exons of these genes. Thus, for the gammaglobin gene, the

result is a vector that comprises the beta globin promoter, the beta globin 5' untranslated region,

the gamma exon 1 coding region, the gammaintron 1 the gammaexon2,the beta intron 2, the

gammaexon3, and the beta 3' untranslated region. Thusall the elements of the TNS9 vector

remain in place (promoter, enhancers, 5' and 3' untranslated regions, the LCR elements, the 2

additional GATA-1 binding sites and the introns of the beta globin gene (at least intron 2, which

is most important). Inathird strategy, the codon usage within exon 3 of the gamma globin gene

can be modified so that its sequence will resemble as much as possible that of the beta globin

gene. The reasonfor testing this is that the beta globin gene is always the best expressed.

Additional elements may be included in the vectors of the invention to facilitate

utilization of the vector in therapy. For cxample, the vector may include selectable markers, to

confirm the expression of the vector or to provide a basis for selection of transformed cells over

untransformed cells, or control markers which allow targeted disruption of transformed cells, and

thus the sclective removalof such cells should termination of therapy become necessary.

In a further specific embodiment, the vector of the invention includes the mouse

PGK promotor and human dihydrofolate reductase (DHFR) cDNAasatranscriptional unit.

Mutant forms of DHFR which increase the capacity of the DHFR to confer resistance to drugs

-5-
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such as methotrexate are suitably used. For example, single and double mutants of DHFR with

mutations at amino acids 22 and 31 as described in commonly assigned PCT Publication No.

WO97/33988, which is incorporated herein by reference, may be advantageously utilized.

Fig. 2 shows the genomicstructure of specific vector within the scope of the
invention. The vector includes a deleted LTR, from -456 to -9 of HIV LTR and the PGK

promoter (530 bp) from the murine phosphoglycerate kinase | gene. It also includes a DHFR-

encoding region encoding human DHFRwiths/fmutation at amino acid 22. The locus control

region and the B-globin region are the same as in TSN9. This vector is designated dTNS9-PD.

This incorporation of DHFRinto this vector provides transformed cells with a methotrexate-

resistant phenotype. As a result, methotrexate, and other antifolates can be used, both in
vitro and in vivo as a selectionto tool to enhance levels of the functional hemoglobin. When

hematopoietic stem cells were transformed using dTNS9-PD and reintroduced to mice that were

then treated with NMVBPR-P (0.5 mg/dose) and TMTX (0.5 mg dose) for five days, observed

levels of expressed human f-globin were muchhigher in mice transduced with dTNS9-PD
vectors after treatment with TMX and NMBPR-Pforselection oftransduced cells.

The vectors ofthe invention are used in therapy for treatment of individuals

suffering from hemoglobinopathies. In one embodimentof the invention, hematopoietic

progenitor or stem cells are transformed ex vivo andthenrestored to the patient. As usedin the

specification andclaims hereof, the term “hematopoietic progenitor sand stem cells”

encompasses hematopoietic cells and non-hematopoietic stem cells, e.g., embryonic stem cells,

hematopoietic stem cell precursors, or any of the latter generated by nuclear transfer from a
somatic cell. It is know in the art that efficient genes transfer into human embryonic stem cells

can be achieved using lentiviral vectors.

Sclection processes maybe usedto incrcase the percentage of transformedcells in

the returned population. For example, a selection marker which makes transformed cells more

drug resistant than un-transformed cells allowsselection by treatment ofthe cells with the
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corresponding drug. When DIIFRis used asa selection marker, it can be used for enrichment of

transducedcells in vitro, or for in vivo selection to maintain the effectiveness of the vector.

The invention will now be further described with reference to the following non-

limiting examples.

Example 1

To produce vector TNS9, the human B-globin gene was subcloned from MB6L

(Sadelain et al. Proc. Nat'l Acad. Sci. (USA)92: 6728-6732 (1995)) into lentiviral vector

pHR’LacZ (Zuffery ct al., Nature 15: 871-875 (1997)) replacing the CMV-LacZ sequence.

pHR’eGFPwasconstructed by replacing LacZ with the eGFP sequence (Clontech). Viral stocks

were generated bytriple transfection of the recombinant vectors pCMVAR8.9 (Zuffrey et al.) and

pMD.Gin 293Tcells as previously described in Dull, et al., J. Virol. 72: 8463-8471 (1998). The

pseudotyped virions were concentrated byultracentrifugationm resuspendedandtitrated as

described in Gallardoet al., Blood 90: 952-957 (1997). For comparison, RSN1 was used which

has a similar structure, except that the LCR contains only the core portion of HS2, HS3 and HS4.

Northern blot analysis showed full length RNAtranscripts, indicating that the recombinant

lentiviral genomoesare stable. Southern blot analysis on genomic DNA from transduced cells,

digested once in each long terminal repeat (LTR)results in a single band correspondingto the

expected size for the vector, indicating that the proviral structure is not rearranged.

Example 2

To investigate the tissue specificity, stage specificity and expression level of the vector-

encoded human B-globin gene, we transduced RNS1 and TNS9 into MELcells, lymphoid Jurkat

cells and myeloid HL-60 cclls. Ccll-free viral supernatant was used to infect C88 MELcells in

the presence of polybrene (8 pg mi'). Transduced MELcells were subcloned bylimiting

dilution, and screened by PCRfor transduction” using primers that anneal in the human f-globin

promoter sequence (BPS, 5' -GTCTAAGTGATGACAGCCGTACCTG-3)) and in HS2 (C2A,5'-

-7-
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TCAGCCTAGAGT GATGACTCC TATCTG-3'). Vector copy number and integrationsite

analysis was determined by Southern blot analysis’. Transduced MELcells were induced to

maturation by 5-day culture in 5 mM N,N’- hexamethylene bisacetamide (HMBA,Sigma).

To induce B-globin transcription, transduced MEL cell pools were differentiated using

hexamethylene bisacetamide HMBA). Human B-globin (6) and mouse B-globin transcripts

were measured by quantitative primer extension. After normalization to vector copy number and

to endogenous B-globin cxpressionper allele, human B-globin levels were 14.2 + 4.7% for RNS1

and 71.3 + 2.3% for TNS9 in pooled MELcells (Fig. 2a). MEL, Jurkat and HL-60 cells were

transduced with RNS1, TNS9 or control GFP recombinantlentivirus. Human p-globin RNA

expression in HMBAinduced MELcells (grey bars) was measured by quantitative primer

extension and normalized to mouse B-globin RNA expression per locus. Expression was then

normalized to the vector copy number determined by Southern blot. No human B-globin RNA

expression was detected in non-induccd MEL (black bars), Jurkat (white bars) or HL-60 cells

(hatched bars), indicating that globin expression was erythroid- and differentiation-specific. No

human B-globin expression was detected in non-induced MEL, Jurkat and HL-60cells (Fig. 3),

indicating that human B-globin expression was appropriately regulated in termsoftissue

specificity and state of differentiation. We generated a panel of MELcell clones that carried a

single copy of either vector to distinguish whether the increased expression obtained in HMBA-

treated Melcells transduced with TNS9 rather than RNS1 wasthe result of an increase in B*

expression per cell or of an increase in the fraction of cells expressing human B-globin.

Transduced MELcells were subcloned by limiting dilution immediately after transduction,

avoiding any bias towards favourable chromosomalintegration sites as produced by drug

selection’. The proportion of clones expressing human (-globin varied significantly between the

two vectors. One out of ten RNS1 positive clones yiclded measurable human B-globin

transcripts, in contrast to [2 out of 12 for TNS9 also expressed higher levels of human B-globin

than did those bearing RNS1 (P < 0.01, Fisher’s exact test). Cells bearing TNS9 also expressed

higher levels of human B-globin than did those bearing RNS1 (P < 0.01, Wilcoxon rank sum

-8-
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test). These findings established that both the level and probability of expression at random
integration sites was increased with the TNS9 vector.

Example 3

Quantification of human B-globin mRNA

Total RNA wasextracted from MEL,Jurkat and HL-60cells, or mouse spleen and blood

using TRIzol. Quantitative primer cxtension assays were done using the Primer Extension
System-AMVReverse Transcriptase kit (Promega) with [?P] dATP end-labelled primers
specific for retroviral-derived human $-globin (5' -CAGTAACGGCAGACTTCTCCTC-3’) and
mouse B-globin (5' -TGATGTCTGTTTCTGGGGTT GTG -3'), with predicted extension
products of 90 bp and 53 bp, respectively. The probes yield products of identical length for Bp",
B™", B* and B'. Primers were annealed to 4g of RNA and reactions were run according to
manufacturer’s protocols. Radioactive bands were quantitated by phosphorimager analysis

(BioRad). RNAisolated from A85.68 mice”wasusedas positive control. After correction for
primer labelling, the human to mouse RNA signal was 29 + 1% per gene copy in repeated
experiments (n > 8), in agrecment with previous findings based on RT-PCR”. Values measured
in bone marrow chimaeras that were obtained in separate runs were standardized to the value

obtained in the A85.68 RNA sample. In Figs. 2 and 3c, d, human B-globin expression18

expressed per vector copy and normalized to the endogenoustranscripts (accounting for two
endogenousalleles). In Fig. 3b, humantranscripts are reported as the fraction of total B-globin
RNA(Huf / Hu® + MufB)to reflect absolute contribution of vector-encoded transcripts.

Example 4

To investigate the function of the vectors in vivo, we transduced and transplanted murine
bone marrow cells without any selection in syngeneic,lethally irradiated recipient mice. Donor

bone marrow wasflushed from the femursof 8- to 16-week-old male CS7BL/6 or Hbb®"™*

(Jackson Laboratories) that had beeninjected intravenously (i.v.) 6 days earlier with 5-flurouracil

-9-
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(5-FU, Pharmacia; 150 mg kg’ body weight). Bone marrow cells were resuspended in serum-
free medium, and supplemented with IL-1a (10 ng mf’), IL-3 (100 U m1’), IL-6 (150 U m1’), Kit

ligand (10 ng ml) (Genzyme), B-mercaptoethanol (0.5 mM;Sigma), _-glutamine (200 mM),

penicillin (100 TU mI!) and streptomycin (100 pg m"), and cultured for 18 h. Recipient mice (11-
to 14-week-old C57/BL6 or Hbb"** mice ) were irradiated with 10.5 Gy (split dose 2 x 5.25 Gy)

on the day of transplantation. Bone marrow cells were pelleted and resuspended in serum-free

medium containing concentrated lentiviral supernatant, and supplemented with polybrene (8g

mf’), ,-glutamine (200 mM), penicillin ( 100 TU mI”) and streptomycin (100 pg ml"), and
cultured for 6 h. Transduced bone marrowcells (1 x 10° or 5 x 10°) were then i.v. injected into

eachof the irradiated female recipients to cstablish short-term and long-term bone marrow

chimaeras, respectively.

In short-term studies, spleens were removed 12 d after transplantation to extract total

RNAand genomic DNA. To monitor long-term chimaeras, two orthree capillary tubes of blood

were collected every 4-6 weeks, from which genomic DNA,total RNA and haemoglobin were

extracted. To examine vector function reliably in long-term animals, erythroid cell populations

were purified from spleen. Single-cell suspensions were incubated with rat anti-mouse TER-119

i monoclonal antibody (PharMingen). Sheep anti-Rat IgG dynabeads (M-450, DynalInc.) Were

added to the antibody-coated spleen cells and purified as recommended by the manufacturer.

Vector copy number, integration pattern and chimaerism were determined by Southern blot

analysis. The fraction of donor DNArelative to recipient was determined by stripping and

reprobingthe blot with a [*P] dCTP-labelled probe specific for the Y chromosomeand

normalizing to an endogenous mouse band. Radioactive bands were quantitated by

phosphorimager analysis. Sera from five randomly selected long-term bone marrow chimaeras
(30 weeksafter transplantation) tested negative for HIV-1 gag by RT-PCR usingthe Amplicor

HIV-1 monitor kit (Roche).

Vector copy number and human f-globin RNAtranscripts were measured during a 24-

week period in mice transplanted with RNS1 (n = 8) or1'NS9 (n = 10) transduced bone marrow.

-10-
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a, Vector copy number wasassessed by southern blot analysis of genomic DNA isolated from

peripheral blood at weeks 6, 10, 16 and 24. The average vector copy numberin peripheral blood
cells, measured periodically for 24 weeks (Fig. 4), showed highly efficient gene transfer with

both vectors (1.8 + 0.6 and 0.8 + 0.6 average vector copies per cell for B-globin transcript levels

in the 10-20% range during the same time period. To assess transcriptionalactivity per vector

copy, steady-state RNA transcripts and vector copy number were quantified in pooled CFU-S,,

and in erythroid TER-119+ spleen cells. Twelve days after transplantation, human B-globin

expression per endogenousallele, (Fig. 5a). Twenty weekslater these values were 0.5 = 0.1%

(significantly lower than on day 12, P = 0.02) and 15.8 + 0.9% respectively (Fig. 5b). These

findings establishedthat the larger LCR fragments increased globin expressionin vivo and,

furthermore, suggested that TNS9 is moreresistant to transcriptionalsilencing than is RNS1.

The levels of TNS9-encoded human f-globin could be produced. Haemoglobintetramers

incorporating vector-encoded human 6* and endogenous murine a-globin (designated Hbb™)

were quantitated in peripheral bloodred cell lysates after cellulose acetate gel fractionation.

Hbb™levels accounting for up to 13% of total haemoglobin were found 24 weeksafter

transplantation (Fig. 3e, Table 1 in Supplementary Information). In the sameassays, transgenic

mice bearing one copy of a 230-kb yeastartificial chromosome (YAC) encompassingthe entire

human B-globin like gene cluster”’ showed 14% oftheir total haemoglobin incorporating human

B*. No haemoglobin tetramers containing human B* were measurble in any ofthe mice bearing

RNSI (table 1 in Supplementary Information). The proportion of mature peripheral blood red

cells expressing human B* was elevate in most TNS9 bone marrow chimaeras, as shownby dual

staining of human $4“ and TER-119. In contrast, chimaeras engrafted with RNS1-transduced

bone marrow showedhighly variable fractions of weakly staining B“ -positive erythrocytes.

Normalized to the fractionofcirculating 8B-positive mature red cells, the levels of haemoglobin

containing lentivirus-encoded B* were on average 64% of those obtained in the YACtransgenic

mice.

-1l1-
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Example 5

To ascertain that true HSCs were transduced, we carried out secondary transplants using

marrow from primary recipients collected 24 weeksafter transplantation. The TNS9 and RNS1

vectors were readily detectedin all secondary recipients 13 weeks after transplantation. Human

B-globin expression was maintainedin all recipients of TNS9-transduced marrow. The

successful transduction of HSCs was confirmed by integration site analyses. Southern blot

analysis was performed on genomic DNAisolated from bone marrow, spleen and thymus of

secondary bone marrow transplant recipients collected 13 weeksafter transplant (one

representative RNS1, and two representative TNS9 secondary transplantrecipients are shown).

Two endogenous bandsare found in the genomic DNA of C57BL/6 (B6) mice.

Example 6

In view ofthe high levels of cxpression, we tested the extent to which the TNS9 vector

could correct the phenotype of thalassaemic cells using P° -thalassaemic heterozygote micethat

lack a copy oftheir bI and b2 B-globin genes (Hbb"**)’'. These heterozygotes have a clinical

phenotype similar to humanthalassaemia intermedia and exhibit chronic anaemia (haematocrit

28-30%, haemoglobin 8-9 g dl") and anomalies in red cell size (anisocytosis) and shape

(poikilocytosis). Fifteen weeksafter transplantation with unselected TNS9-transduced Hbb""
bone marrow,the haematocrit level, red blood cell count, reticulocyte count and haemoglobin

level were markedly improvedin five out offive recipient mice (Fig. 6). Anisocytosis and

poikilocytosis were markedly reduced in the peripheral blood smears of chimaeras bearing the

TNS9 vector. Control mice transplanted with Hbb™* bone marrowcells transduced with a

vector encoding enhanced greenfluorescent protein (eGFP)all remained severely anaemic (n = 5,

Fig. 6) and maintained their abnormalred cell morphology. Theseresults establish that levels of

circulating haemoglobin obtained with TNS9 were indeed therapeutically relevant.

The combined effect of the high efficiency of gene transfer and the absence of vector

rearrangements afforded by the recombinantlentivirus carrying the B-globin gene and LCR

-12-
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configuration adopted in TNS9 yielded levels of human B* expression in the therapeutic range.
The higher expression obtained with TNS9 compared with RNS| was associated with a higher
fraction of permissive integration sites in MELcells and a higher fraction of human *-
containing red blood cells in bone marrow chimaeras. RNS1, which carries a weaker enhancer,
silenced over time whereas TNS9retained undiminishedtranscriptional activity over the same

time period and in secondary transplant recipients.

Higherlevels of murine «,: human 6, tetramers were obtained in peripheral blood

samples from recipients of TNS9-transduced Hbb"?* bone marrow (21 + 3% oftotal
haemoglobin, n = 5, than with Hbb** bone marrow (6 + 4%, n + 10). The two groups showed
comparable peripheral blood vector copy numbers and levels of human B-globin RNA (0.8 + 0.2
compared with 0.8 + 0.6, and 16.8 + 6% compared with 10.8 + 7%, respectively). This
observation is consistent with a competitive advantage of murine f-globin over human B-globin

in associating with murinc «-globin”. In thalassaemicpatients, added human B-chain synthesis

would improve the «:$ chain imbalance and thus increase red cell survival and ameliorate the

ineffective erythropiesis in these patients. In patients with sickle cell disease, transduced B*
chains are expected to have an advantage over the BS chains produced by both endogenous genes

in competingfor the available «-chains”*. Given that patients with S/B-thalassaemia whose HbA

represents 10-30% oftheir total haemoglobin are very mildly affected'”*, the clinical benefit of
such an intervention would be highly significant.

Example 7

To investigate long-term expressionof the transduced human /globin genes and its

therapeutic efficacy, we gencrated bone marrow chimeras engrafted with TNS9-transduced
Hbb"™* bone marrow cells (n =5) and studied them over a 40-weekperiod.

Donor bone marrow wasflushed from the temurs of 8-to 16- week old male c57/BL6 or

Hbb"* mice 2 obtain from Jackson Laboratories (Bar Harbor , ME)that had been injected

intravenously (IV) 6 days earlier with 5-flurouracil (5-FU) 150 mg/kg body weight obtained from

-13-

Page 14 of 547



Page 15 of 547

SAL TES ES Ssea IPC SL ace

MSK.P-050

Patent Application

Pharmacia (Piscataway, NJ). Bone marrow cells were resuspended in X-VIVO-15 serum-free

medium and supplemented with 10 ng/mLinterleukin-1 « (IL-1a) 100 U/mL IL-3, 150 U/mL IL-

6, 10ng/mL Kit ligand obtained from Genzyme (Cambridge, MA), 0.5mM f-mercaptoethanol
obtained from Sigma(St. Louis, MO), 200-mM ,-glutamine, 100 [U/mL penicillin, and 100

pg/mL streptomycin. Bone marrow cells were ten pelleted and resuspended in serrum-free
medium containing concentrated lentiviral supernatant and supplemented with 8 mg/mL

polybrene (Sigma), 200mM ,-glutamine, 100 U/mLpenicillin, 100 yg/ml. streptomycin and
cytokines as above, and cultureed for 8 hours. Transduced bone marrow cells (5 x10°) were ten
injected IV into each of the irradiated female recipients to establish bone marrow chimeras.

Recipients mice (11- to 14-week-old C57/BL6 or Hbb""”* mice) wereirradiated with 10.5 Gy

(Split dose 2 x 5.25 Gy) on the day of transplantation.

Age-matched chimeras engrafted with eGFP-transduced Hbb""* (n=5) and Hbb ‘* (n=5)
bone marrow cells served as controls. Vector copy number was monitored in peripheral blood by

quantitive Southern blot analysis, and found to remainstable, between 0.5 and 1.0 copy/cell on
average ( data not shown). Protein expression was assessed by quantitive hemoglobin analysis, to
measure the proportion of hemoglobintetramers that incorporate human B* (Abb™, mu «,: hu*,)
or murine B-globin (Hbb ™, mua,:muf,), and immunofluorescence, to determine the fraction of

mature RBCsthat contain human £* protein. Transgenic mice bearing one copy of a 230-kb yeast

artificial chromosome encompassingthe entire human B-globin-like gene cluster”® served as

reference, showing 14% of their total hemoglobin incorporating human 6“ and 100%

B°+RBCs!°?8 Hbb™ accounted for 19% to 22% ofthe totalnemoglobim in TNS9 chimeras. These
levels remained stable up to 40 weeksafter transplantation. Over this same time period, the

proportion of mature peripheral RBCs expressing human B* also remained elevated and stable
(about 70% to 80%), as shownbydualstaining of human B* and TER-119.

-14-
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Example 8

Long-Term amelioration of anemia

The stability of TNS9-encoded B* expression detected in peripheral blood suggested that

long-trem hematologic and systemic therapeutic benefits could be obtained. To investigate

whether Hbb™production would suffice to teart the anemia, we closely monitored hemoglobin

parameters over 40 weeks. The marked increase in hemoglobin concentration, RBC counts, and
hematocrit was sustained throughoutthis time period. Control mice that received transplants of

eGFP-transduced Hbb"* bone marrow cells remained severely anemic, indicating that the

transplantation procedureitself did notalter the anemic state. The reticulocyte counts decreased
to 5% to 8% in TNS9 treated-chimeras, compared to 19% to 21% in control eGI'P-treated

Hbb'* chimeras and age-matched Hbb""* mice, suggesting an increase in RBC life span and a

decreasein erythropoietic activity.

Example 9

To determine the impact of sustained human B-globin gene expression on hematopoiesis,

westudied the degree of splenomegaly (enlargementof the spleen) and EMHin |-year-old

chimeras and age-matechedcontrol mice. Spleen weights measured in Tns9-treated Hbb"™”*
chimeraas wereindistinguishable from recipients of eGFP-transduced normal bone marrow,as

were the total numberof cells per spleen. In contrast, mice engrafted with eGFP-transduced

Hbb"" bone marrowcells showed spleen weights and total cell numbers that were about 3-fold

greater. The correction of spleen weight in TNS9 bone marrow chimeras correspondedto a

concomitant normalization in total hematopoietic progenitor cell content. Spleen CFU-Es,

BFUEs, andCFUs-GM were reduced to levelsmeasured in recipients of eGFP-transduced Hbb**”"
bone marrow, whereas they remained elevated in control chimeras engrafted with eGFP-

trasduced Ibb"* bone marrow cells and in age-matched Hbb"™’" mice, as previously observed

in another murine modelof f-thalassemis.”

-15-
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The regression of EMH wascorroborated by morphologic examinationof spleen and liver

in long-term chimeras and age-match controls. Histopathology of spleens of micethat received

transplants of eGFP-tranduced Hbb"** marrow wasvirtually identical to that of slpeen from

control Hbb"* mice. Specifically, the red pulp was significantly expanded, accounting for 80%

to 90% ofthe cross-sectional area, and densely occupied by nucleated erythroid precursors. The

white pulp, based on cross-sectional area, wsa relatively decreased and the marginal zones were

obscured by the large numberof nucleated RBCs, reflecting major expansion ofthe red pulp and

erythroid precursors. In TNS9-treated chimeras, the amount of red pulp was considerably

decreased, accounting for olny about 50% to 60% ofthe cross-sectional area. In addition, the

numberofnucleated erythroid precursors in the red pulp was decreased. Other immature

hematopoietic cells were present in the red pulp, but much less frequently than in the spleens of

control Hbb"* thalassemic mice. The livers from TNS9-treated chimeras were similar to those

of the normal control mice in that no EMH wasdetected. In contrast, livers from mice engrafted

with eGFP-trasduced Hbb"* bone marrow cells showed seral small foci of intrasinusoidal EMH.

Example 10

Toxic iron accumulation in the organs of thalassemic patients is a consequence of RBC

destruction and increased gastrointestinal iron uptake. To determine whether sustained

expression from the TNS9 vector reduced iron overload, we stuied tissue sectionsof liver and

heart, stained using Gomori iron stain. No iron deposition was seen in the livers of normal

Hbb*control mice, whereas Hbb"** mice showed variable amounts ofiron, including some

large aggregates. TNS9-trasduccd treated chimeras demonstrated low to undetectable levels of

iron in the livers, whereas iron was readily detected in the livers of all mice that received

transplants of eGFP-transduced Hbb™"”bone marrow cells. No iron accumulation was found in

the heart of treated or control mice, as previously observed in another murine modelof B-

thalassemia,*° in contrast to what is found in the humandisease. '?

-16-
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Example 11

To assess to efficacy of in vivo selection for cells transduced with globin and

DHFR-encoding vectors in accordance with the invention, using antifolates the following

alternative protocols are uscd. In protocol 1, the recipient mice are treated daily for 5 days with

MTX (25mg/Kg) and NBMPR-P (20mg¢/Kg),starting 6 weeks after administration of transduced

bone marrow cells. In protocol 2, the recipient mice are treated daily for 5 days with TM1X

(40mg/Kg) and NBMPR-P (20mg¢/Kg),starting 6 wecks after administration of transduced bone

marrow cells. In protocol 3, the recipient mice, conditioned with busulphan rather than with

gamma-irradiation, are treated daily for 5 days with TMTX (40mg/Kg) and NBMPR-P

(20mg/Kg), starting 4 weeks after administration of transduced bone marrow cells. (TMTX

(Neutrexin; US Bioscience);

>MTX (Methotrexate LPF Sodium; Immunex); NBMPR-P (Nitrobenzylthioinosine

5'-monophpsphate disodiumsalt; Alberta nucleoside therapeutics). Protocol 3 is in principle the

mostattractive protocol as the recipients are not irradiated and furthermore not treated with a

"myeloablative conditioning regimen". They are treated with a

relatively milder conditioning regimen consisting of a "non-myeloablative" dose of busuiphan. It

is hopedthat, in combination with "in vivo selection" mediated by DHFR/TMTX,the recipients

could be satisfactorily engrafted withoul receiving a

harsh pre-transplant treatment. This would be the way to go for treating subjects with severe

hemoglobinopathies.

-17-
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Whatis claimedis:

1. A recombinantlentiviral vector comprising:

(a) a region comprising a functional globin gene; and

(b) large portionsof the B-globin locus control region, which include

DNase I hypersensitive sites HS2, HS3 and HS4, said vector providing expression of the globin

gene whenintroduced into a mammal ia vivo. .

2. Thevector of claim 1, further comprising a region encoding a

dihydrofolate reductase.

3. The vector of claim 2, further comprising a mouse PGK promoter, wherein

the mouse PGK promoter controls the expressionof the region encoding a dihydroflate reductase.

4, The vector of claim 3, wherein the dihydrofolate reductase is a human

dihdrofolate reductasc.

5. The vector of claim 4, wherein the human dihydrofolate reductase is a

mutant form having increased resistance to antifolates as compared to wild-type human

dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type

human dihydrofolate reductase as a result of a set of mutations.

6. The vector of claim 5, wherein the set of mutations comprises a mutation

at an amino acid corresponding to amino acid 22 of the wild-type sequence and a mutationat an

amino acid corresponding to aminoacid 31 of the wild type sequence.

- 18 -
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7. The vector of claim 2, wherein the dihydrofolate reductase is a human

dihdrofolate reductase.

8. The vector of claim 7, wherein the humandihydrofolate reductaseis a

mutant form having increasedresistance to antifolates as compared to wild-type human

dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type

human dihydrofolate reductase as a result of a sct of mutations.

9. The vector of claim 8, wherein the set of mutations comprises a mutation

at an amino acid corresponding to aminoacid 22 ofthe wild-type sequence and a mutation at an

amino acid corresponding to aminoacid 31 of the wild type sequence.

10. The vector of claim 1, wherein the functional globin gene encodes human

§-globin.

It. The vector of claim 10, further comprising a region encoding a

dihydrofolate reductase.

12. The vector of claim 11, further comprising a mouse PGK promoter,

wherein the mouse PGK promoter controls the expression of the region encodinga dihydroflate

reductase.

13. The vector of claim 12, wherein the dihydrofolate reductase is a human

dihydrofolate reductase.

14. The vector of claim 13, wherein the human dihydrofolate reductase is a

mutant form having increased resistance to antifolates as compared to wild-type human

-19-
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dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type
human dihydrofolate reductase as a result of a set of mutations.

15. The vector of claim 14, wherein the sct of mutations compriscs a mutation

at an amino acid corresponding to amino acid 22 of the wild-type sequence and a mutation at an

amino acid corresponding to amino acid 31 of the wild type sequence.

16. The vector of claim 11, wherein the dihydrofolate reductase is a human

dihdrofolate reductase.

17. The vector of claim 16, wherein the human dihydrofolate reductase is a

mutant form havingincreased resistanceto antifolates as compared to wild-type human

dihydrofolate reductasc, said mutant form differing in amino acid sequence from wild-type

human dihydrofolate reductase as a result of a set of mutations.

18. The vector of claim 17, wherein the set of mutations comprises a mutation

at an amino acid corresponding to aminoacid 22 of the wild-type sequence and a mutation at an

amino acid corresponding to amino acid 31 of the wild type sequence.

19. A methodfor treatment of hemoglobinopathy in a mammalian individual

suffering from a hemoglobinopathy comprising the stepsof:

introducing to the mammalian individual a recombinant lentiviral vector

comprising:

(a) a region comprising a functional globin gene; and

(b) large portions of the B-globin locus control region, which include

DNaseI hypersensitive sites HS2, HS3 and HS4, said vector providing expression of 6-globin

whenintroduced into a mammal in vivo; and

-20-
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expressing the functional globin gene in the mammal, thereby providing a

therapeutic benefit to the mammalian individual.

20. The method of claim 19, wherein the vector further comprises a region

encoding a dihydrofolate reductase.

21. The method of claim 20, wherein the vector further comprises a mousc

PGK promoter, wherein the mouse PGK promoter controls the expression of the region encoding

a dihydroflate reductase.

22. The method of claim 21, wherein the dihydrofolate reductase is a human

dihdrofolate reductase.

23. The method of claim 22, wherein the human dihydrofolate reductaseis a

mutant form having increased resistance to antifolates as compared to wild-type human

dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type

human dihydrofolate reductase as a result of a set of mutations.

24. The method of claim 23, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a

mutation alt an amino acid corresponding to amino acid 31 of the wild type sequence.

25. The method of claim 19, wherein the step of introducing the recombinant

vector is performed by transforming hematopoietic progenitor cells or stem cells with the

recombinant vector ex vivo and then restoring the transformed cells to the mammalian individual.

-21-
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26. The method of claim 25, wherein the transformed cells are subjected to a

selection processto increase the percentage of transformed cells prior to restoring the cells to the
mammalian individual.

27. The method of claim 26, wherein the vector further comprises a region

encoding a dihydrofolate reductase, and wherein the selection process comprises exposure of the

cells to an antifolate,

28. The method of claim 27, wherein the antifolate is methotrexate.

29. The method of claim 19, wherein the globin gene encodes humanf-

globin.

30. A mammalian hematopoietic progenitor or stem cell transduced with a

recombinant lentivector comprising:

(a) a region comprising a functional globin gene; and.

(b) large portions of the B-globin locus control regions, which include

DNase | hypersensitive sites HS2, HS3 and HS4, whereinsaid cells express the functional B-

globin gene.

31. Thetransducedcell of claim 30, wherein the mammalian hematopoietic

progenitor or stem cell is a humancell.

32. The transducedcell of claim 31, whercin the vector further compriscs a

region encoding a dihydrofolate reductase.

-22-
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33. The transducedcell of claim 32, wherein the vector further comprises a

mouse PGK promoter, wherein the mouse PGK promoter controls the expression of the region

encoding a dihydroflate reductase.

34. The transducedcell of claim 33, wherein the dihydrofolate reductase is a

human dihdrofolate reductase.

35. The transduced cell of claim 34, wherein the human dihydrofolate

reductase is a mutant form having increased resistance to antifolates as compared to wild-type

human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-

type human dihydrofolate reductase as a result of a set of mutations.

36. The transduced cell of claim 35, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a

mutation at an aminoacid corresponding to amino acid 31 of the wild type sequence.

37. Thetransduced cell of claim 30, wherein the dihydrofolate reductase is a

human dihdrofolate reductase.

38. The transduced cell of claim 30, wherein the globin gene encodes human

§-globin.

39. A method for making a therapeutic composition for treatment of

hemoglobinopathy in amammalian individual, comprising the steps of preparing a recombinant

lentiviral vector comprising:

(a) a region comprising a functional globin gene; and

-23-
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(b) large portions of the §-globin locus control region, which include

DNaseI hypersensitive sites HS2, HS3 and HS4,said vector providing expression of the globin

gene when introduced into a mammalin vivo., obtaining hematopoietic progenitor or stem cells

from the mammalian individual, and transducing the cells with the recombinant vector.

40. The method ofclaim 39, further comprising the step of performing an ex
vivo selection using an antifolate.

41. The method of claim 39, wherein the globin gene encodes human (-

globin.

- 24 -
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ABSTRACT OF THE DISCLOSURE

Recombinantlentiviral vectors having a region encoding a functional B-globin

gene; and largeportions ofthe B-globin locus control regions which include DNaseI

hypersensitive sites HS2, HS3 and I1S4 provides expressionof B-globin when introduced into a

mammal, for example a human, invivo. Optionally, the vector further includes a region
encoding a dihydrofolate reductase. The vector maybe usedin treatment of hemoglobinopathies,

including B-thalessemia andsickle-cell disease. For example, hematopoietic progenitor or stem

cells maybe transformed ex vivo and thenrestored to the patient. Selection processes may be

used to increase the percentage oftransformedcells in the returned population. For example, a

selection marker which makes transformed cells more drug resistant than un-transformedcells

allowsselection by treatment of the cells with the corresponding drug.
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“\s UNITED STATES PATENT AND TRADEMARK OFFICE

i

tl) COMMISSIONER FOR PATENTS

 
 
 

UNITED STATES PATENT AND TRADEMARK OFFICE
WASHINGTON, OC. 20231

www.USpto gov

APPLICATION NUMBER FILING/RECEIPT DATE FIRST NAMED APPI.ICANT ATTORNEY DOCKET NUMBER

10/188 ,221 07/01/2002 Sadelain MSK.P-050

  

CONFIRMATION NO.9026

021121 FORMALITIES LETTER

oonsoe BUN NEUE8RAENWB
DILLON, co 80435-5068 *0C000000008784865*

  

Date Mailed: 09/13/2002

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER37 CFR 1.53(b)

Filing Date Granted

ItemsRequiredTo Avoid Abandonment:

An application numberand filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within whichtofile all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Numberand Filing Date, is required.

« To avoid abandonment, a latefiling fee or oath or declaration surcharge asset forth in 37 CFR 1.16(I) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing itemsidentified
in this letter.

itemsRequired To Avoid ProcessingDelays:

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

SUMMARYOF FEES DUE:

Total additional fee(s) required for this application is $65 for a Small Entity

e $65 Late oath or declaration Surcharge. 
A copy of this notice MUSTbe returned with the reply.
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§%ve mane
As a below named inventor, | hereby declare that:

é 1
COMBINED DECLARATION

AND POWER OF ATTORNEY

Mycitizenship, residence and post office address are as listed below next to my name.

| believe | am the original, first and [ ] sole/[X] joint inventor of the subject matter whichis claimed and for
which a patent is sought on the invention entitled: Vector Encoding Human Globin Gene and Use
Thereofin Treatment of Hemoglobinopathies

the specification of which

(a)[] is attached hereto.

(b) [X] wasfiled on_July 1, 2002 as Application Serial No._10/188221__ and was amended on

(c)[] was described and claimedin International Application No. filed on
and amended on ;

Acknowledgmentof Duty of Disclosure
| hereby state that | have reviewed and understood the contentof the above identified specification,
including the claims, as amended by any amendmentreferred to above. | acknowledge the duty to disclose
information which is material to the patentability of the subject matter claimed in this application in
accordancewith Title 37, Code of Federal Regulations § 1.56(a).

35 U.S.C. § 120
| hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) or
365(c) of any PCTinternational application designating the United States of America, listed below and,
insofar as the subject matter of eachof the claims of this application is not disclosed in the prior United
States or PCT international application in the manner providedby the first paragraph of 35 U.S.C. § 112, I
acknowledgethe duty to disclose material information as defined in 37 CFR § 1.56 which becameavailable
betweenthefiling date of the prior application and the national or PCT international filing date of this
application:

oo

(Application Serial No.) (Fiting Date) (Status)(patented,pendingabandoned) (Patent No. if applicable)

Powerof Attorney

| hereby appoint the practitioners at Customer Number 021121 as attorneys to prosecute this application
and to transact all business in the Patent and Trademark Office connected therewith.

SEND CORRESPONDENCETO: DIRECT TELEPHONE CALLSTO:

Rana OPPEDAHL & LARSON LLP(970)468-6600

021121
PATENT TRAOEMIK OFFICE
 

a
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Claim f r Pri rity

| hereby claim foreign priority benefits under 35 U.S.C. § 119 (a)-(d) or 365(b) of any foreign application(s) for patent or
inventor's certificate, or 365(a) of any PCT international application which designated at least one country other than
the United States of America, listed below and havealso identified below any foreign applications for patent or
inventor's certificate, or of any PCT international application havinga filing date before that of the application on which

is claimed.

EARLIEST FOREIGN APPLICATION(S), FILED WITHIN TWELVE MONTHS (6 MONTHS FOR DESIGN) PRIOR TO
SAID APPLICATION

COUNTRY APPLICATION NO.|DATEOFFILING DATE OF ISSUE PRIORITY CERTIFIED COPY
day/month/year) day/month/year CLAIMED ATTACHED

pTvest yoy|vesty no
FOREIGN APPLICATION(S), IF ANY, FILED MORE THAN 12 MONTHS(6 MONTHS FOR DESIGN) PRIOR TO SAID APPLICATION

COUNTRY APPLICATION NO.]DATE OF FILING DATE OF ISSUE
day/month/year, day/month/year

Provisional Application
| hereby claim the benefit under 35 U.S.C § 119(e) of any United States provisional application(s) listed below.

 
  
  
  

 

 

60/301,861 JUNE 29, 2001

(application number) (filing date)

60/302,852 JULY 2, 2001

(application number) (filing date)

} hereby declare that all statements made herein of my own knowledgeare true and that all statements made on
information and belief are believed to be true; and further that these statements are made with the knowledge that
willful false statements and the like so made are punishable by fine or imprisonment or both, under Section 1001 of
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application or
any patent issued thereon.

NAME OF SOLE LAST NAME FIRST NAME MIDDLE NAME
OR FIRST INVENTOR SADELAIN MICHEL

RESIDENCE& CITY OF RESIDENCE STATE OR COUNTRY OF RESIDENCE COUNTRYOFCITIZENSHIP
CITIZENSHIP

New York New York

POST OFFICE ADDRESS STATE/COUNTRYZIP CODE
401 E. 89™ STREET,
APT. 9K New York 10928 

(X] Signature for additionaljoint inventor attached. Numer of Pages_1.
[ ] Signature by Administrator(trix) or legal representative for deceased or

incapacitated inventor. Number of Pages ___.
[ ] Signature for inventor who refuses to sign or cannot be reached by person

authorized under 37 CFR § 1.47. Number of Pages __.

peBED AND SWORN TO BEFORE ME MARILYN CHIBOWSK!IS_22DAYOF si 200 2 NOTARY PUBLIC: STATEOFNEW YORK
COMMISSIONEDANDORTEDN ROCKL |

NOTARYPUBLIC seve! BOCKLAND CO [o2
For michel Sa SELAW
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LAST NAME FIRST NAME MIDDLE NAME
RIVELLA STEFANO

 
 

 
  
 
 
 

 NAME OF SECOND
INVENTOR
 

  
 

 
 
 

 

 
 

CITY OF RESIDENCE
New York

STATE OR COUNTRY OF RESIDENCE
New York

COUNTRYOFCITIZENSHIP

Italy

RESIDENCE &
CITIZENSHIP

   
 

POST OFFICE ADDRESS
736 West End Avenue
Apt. 5B

\ DATE § la 3)e 2 SIGNATURE SMO
NAMEOF THIRD FIRST NAME
INVENTOR MAY CHAD

CITY STATE/COUNTRYZIP CODE

   

  
 
 
  

New York New York 10025

 

 
    

 
 
 

MIDDLE NAME 

RESIDENCE& CITY OF RESIDENCE STATE OR COUNTRY OF RESIDENCE|COUNTRY OF CITIZENSHIP
CITIZENSHIP USA

New York New York
   
  

  
 
 

POST OFFICE ADDRESS
220 Avenue A
Apt. 3C

  CITY STATE/COUNTRYZIP CODE

 
 

 
  

 
  

 

New York New York 10009

NAMEOF FOURTH LAST NAME FIRST NAME ~ DD
INVENTOR BERTINO JOSEPH

RESIDENCE & CITY OF RESIDENCE STATE OR COUNTRY OF RESIDENCE{|COUNTRYOF CITIZENSHIP
CITIZENSHIP New York New York USA

POST OFFICE ADDRESS STATE/COUNTRYZIP CODE
117 Sunset Hill Dr. Branford CT 06405

_

SUBSCRIBED AND SWORN TO BEFORE ME
THS 25 DAY OFASfeater

NOTARY PUBLIC

Loe. Ste FARO gk. vellaA
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O\P EF: .oct 08 &
3 & COMBINED DECLARATION
O s AND POWER OF ATTORNEY

4 Tanewt
As a below named inventor, | hereby declare that:

Mycitizenship, residence and postoffice address are as listed below next to my name.

| believe | am theoriginal, first and [ ] sole/[X] joint inventor of the subject matter which is claimed and for
whicha patent is sought on the invention entitled: Vector Encoding Human Globin Gene and Use
Thereofin Treatment of Hemoglobinopathies

the specification of which

(a)[] is attached hereto.

(b) [X] wasfiled on July 1, 2002 as Application Serial No. 10/188221__ and was amended on

(c)[] was described and claimed in International Application No. filed on
and amended on .

Acknowledgmentof Duty of Disclosure
| hereby state that | have reviewed and understood the content of the aboveidentified specification,
including the claims, as amended by any amendment referred to above. | acknowledge the duty to disclose
information which is material to the patentability of the subject matter claimedin this application in
accordancewith Title 37, Code of Federal Regulations § 1.56(a).

35 U.S.C. § 120

| hereby claim the benefit underTitle 35, United States Code, § 120 of any United States application(s) or
365(c) of any PCTinternational application designating the United States of America, listed below and,
insofar as the subject matter of each of the claimsof this application is not disclosed in the prior United
States or PCTinternational application in the mannerprovided bythe first paragraph of 35 U.S.C. § 112, 1
acknowledgethe duty to disclose material information as defined in 37 CFR § 1.56 which becameavailable
betweenthe filing date of the prior application and the national or PCT internationalfiling date of this
application:

nr
(Application Serial No.) (Filing Date) (Status)(patented,pending, abandoned) (Patent No.if applicable)

Powerof Attorney

| hereby appointthe practitioners at Customer Number 021121 as attorneys to prosecute this application
and to transactall business in the Patent and Trademark Office connected therewith.

SEND CORRESPONDENCETO: DIRECT TELEPHONE CALLS TO:

ACA 0}808500(970}468-6600

021121
PATENT TRADEMARK OFFICE
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o é
Claim for Priority

i hereby claim foreign priority benefits under 35 U.S.C. § 119 (a)-(d) or 365(b) of any foreign application(s) for patent or
inventor's certificate, or 365(a) of any PCTinternational application which designated at least one country otherthan the
United States of America, listed below and have also identified below any foreign applications for patent or inventor's
certificate, or of any PCT international application havingafiling date before that of the application on whichpriority is
claimed.

 
 

 
 

EARLIEST FOREIGN APPLICATION(S), FILED WITHIN TWELVE MONTHS(6 MONTHS FOR DESIGN) PRIOR TO
SAID APPLICATION

COUNTRY APPLICATION NO.|DATE OF FILING DATE OF ISSUE PRIORITY CERTIFIED COPY
day/month/year day/month/year CLAIMED ATTACHED

pLesr nogy|ves
FOREIGN APPLICATION(S), IF ANY, FILED MORE THAN 12 MONTHS (6 MONTHS FOR DESIGN) PRIOR TO SAID APPLICATION

COUNTRY APPLICATION NO.|DATE OF FILING DATE OF ISSUE
day/month/year day/month/year

Provisional Application
| hereby claim the benefit under 35 U.S.C § 119(e) of any United States provisional application(s)listed below.

 
 
 

  
    

 

 

60/301,861 JUNE 29, 2001

(application number) (filing date)

60/302,852 JULY 2, 2001

(application number) (filing date)

| hereby declare that all statements made herein of my own knowledgeare true andthat all statements made on
information and belief are believed to be true; and further that these statements are made with the knowledgethatwillful
false statements andthe like so made are punishable by fine or imprisonmentor both, under Section 1001 ofTitle 18 of
the United States Code and that such wiliful false statements may jeopardizethe validity of the application or any patent
issued thereon.

NAME OF SOLE LAST NAME FIRST NAME MIDDLE NAME
OR FIRST INVENTOR|SADELAIN MICHEL

RESIDENCE & CITY OF RESIDENCE STATE OR COUNTRY OF RESIDENCE|COUNTRY OF CITIZENSHIPCITIZENSHIP

New York New York USA

POST OFFICE ADDRESS CITY STATE/COUNTRYZIP CODE

401 E. 89™ STREET,
APT. 9K New York New York 10028

[X] Signature for additional joint inventor attached. Numer of Pages _1_.
[] Signature by Administrator(trix) or legal representative for deceased or

incapacitated inventor. Number of Pages __.
{ ] Signature for inventor who refuses to sign or cannot be reached by person

authorized under 37 CFR § 1.47. Numberof Pages __.
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NAME OF SECOND
INVENTOR

LAST NAME
RIVELLA

CITY OF RESIDENCE
New York

RESIDENCE &
CITIZENSHIP

POST OFFICE ADDRESS
736 West End Avenue

NAMEOF THIRD
INVENTOR

RESIDENCE &
CIMZENSHIP

CITY OF RESIDENCE

New York

POST OFFICE ADDRESS
220 Avenue A

NAME OF FOURTH
INVENTOR

LAST NAME
BERTINO

CITY OF RESIDENCE
New York

RESIDENCE &
CITIZENSHIP

POST OFFICE ADDRESS
117 Sunset Hill Dr.
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FIRST NAME
STEFANO

MIDDLE NAME

COUNTRYOFCITIZENSHIP

Italy

STATE OR COUNTRY OF RESIDENCE
New York

STATE/COUNTRYZIP CODE

New York 10025

SIGNATURE

FIRST NAME MIDDLE NAME
CHAD

STATE OR COUNTRY OF RESIDENCE|COUNTRYOF CITIZENSHIP
USA

New York

CITY

New York New York 10009

MIDDLE NAME

COUNTRYOFCITIZENSHIP
USA

STATE/COUNTRYZIP CODE

FIRST NAME
JOSEPH

STATE OR COUNTRY OF RESIDENCE
New York

cITy
Branford

mdTT
STATE/COUNTRYZIP CODE
CT 06405
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ATTORNEY DOCKET NO.: MSK.P-050

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Sadelainet al.
Serial No.: 10/188,221
Confirmation No.: 9026

' Filed: July 1, 2002
For: Vector encoding humanglobin gene and usethereofin treatment of

hemoglobinopathies

 
RESPONSE TO NOTICE TO FILE MISSING PARTS

\ Hon. Commissioner of Patents

Washington, DC 20231

Sir:

In response to the Notice to File Missing Parts mailed on September 13, 2002, applicant herewith
submits the Combined Declaration and Power of Attorney for the above-captioned application.
A copyof the Notice to File Missing Parts is enclosed.

Enclosed is Form PTO-2038 in the amount of $65.00 for payment of the declaration surcharge.
The Commissioneris authorized to charge any additional fees that might be due to Deposit
Account No. 15-0160.

Respectfully,

OPPEDAHL & LARSON LLP

Larne fF Xutry
Marina T. Larson, PTO Reg. No. 32,038
P.O. Box 5068

Dillon, CO 80435-5068

Ja Tel: (970) 468-6600
Fax: (970) 468-0104

CERTIFICATE OF MAILING UNDER37 CFR § 1.8(a)

I herebycertifythat this paper and the attachments named herein are being deposited with the United States Postal Serviceas first class mail in
an envelope addressed to Commissioner of Patents, Box Missing Parts, Washington, DC 20231 on September 18, 2002

4 iP or c
Date of Signature Lori South  
enAI
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COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
WASH NGTON, O.C. 2023i

www.uspto,gov

| ATTORNEY DOCKET NUMBER

 
 

  

10/188,221 Sadelain MSK.P-050

CONFIRMATION NO.9026

OPPEDAHL AND LARSON LLP FeaenateTIricatNGIOeon soon DOVEUEA
DILLON, CO 80435-5068 *OC000000008784865* 

Date Mailed: 09/13/2002

NOTICE TO FILE MISSING PARTS OF NONPROVISIONALAPPLICATION 
FILED UNDER37 CFR 1.53(b)

Filing Date Granted

Items Required To AvoidAbandonment:
 

An application numberandfiling date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Notice within whichto file ail
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

« The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number andFiling Date, is required.

e Toavoid abandonment, a latefiling fee or oath or declaration surcharge asset forth in 37 CFR 1.16(i) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter.

items Required To AvoidProcessing Delays:
 

Theitem(s) indicated below are also required and should be submitted with any reply to this notice to avoid
‘urther processing delays.

UMMARYOFFEES DUE:

otal additional fee(s) required for this application is $65 for a Small Entity

e $65 Late oath or declaration Surcharge.

reerEE

A copy ofthis notice MUSTbe returned withthe reply.
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JeGO \ Cs fCustomerService Center

Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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ocr 08 2002
. é ATTORNEY DOCKET NO.: MSK.P-050
&renews PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Sadelain

Serial No.: 10/188,221

Confirmation No.: 9026

Filed: July 1, 2002

Title: Vector encoding human globin gene and use thereof in treatment of

hemoglobinopathies

INFORMATION DISCLOSURE STATEMENT

Hon. Commissioner of Patents and Trademarks

Washington, D.C. 20231

Sir:

Applicant requests that the references listed on Form PTO-1449, whichis enclosed, be

~ madeof record in the Patent Office file relating to the above-captioned application. Copies of the
references are provided herewith. No fee is believed to be due with this paper as we have not

received an action on the merits, however the Commissioneris authorized to charge any fees

which might be due to Deposit Account No. 15-0610.

Respectfully submitted,

OPPEDAHL & LARSON LLP
'aun 7SSao!

Marina T. Larson, Ph.D.

‘ Reg. No. 32,038
. P.O. Box 5068

4 Dillon, Co. 80435-5068
 

CERTIFICATE OF MAILING UNDER37 CFR§1.8(a 

I herebycertify that this paper and the attachments named herein are being deposited with the United States Postal Service as
first. class mail in an envelope addressed to Assistant Commissioner of Patents and Trademarks, Washington, D.C. 20231 on

[{-%-€2 y ee
Date of signature Lori South
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Application No.: 10/188,221
Applicant: Sadelain

INFORMATION DISCLOSURE Filing Date: July 1, 2002
STATEMENTBY APPLICANT Conf. No.: 9026

Title: Vector encoding human
globin gene and use thereof
in treatment of

hemoglobinopathies
Attorney Docket No.: MSK.P-050

 

Page | of1
U.S. PATENT DOCUMENTS

Examiners US Patent No. NameofPersonsor applicant Date of Publication of Cited
Initials Document

FOREIGN PATENT DOCUMENTS

Examiners Patent No. Nameof Personsor applicant Date of Publication of Cited
Initials Document

|WO 97/33988 Sloan-Kettering Institute for Cancer Research 09/18/1997

 

 

 
 
  

 
 

 
   

  
OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS

Examiner
Initials

Huang.etal., “Nonadditivity of Mutational Effects at the Folate Binding Site of Escherichia coli Dihydrofolate
Reductase”, Biochemistry, Vol. 33, No. 38, pp. 11576 - 11585, 1994

Ercikan et al., “Effect of codon 22 mutations on substrate and inhibitor binding for human dihydrofolate
reductase”, Chemistry and Biology ofPteridines and Folates, pp $15 - 519, 1993

globin”, Nature, Vol. 406, pp. 82 - 86, July 6, 2000

D. Bodine, “Globin Gene Therapy: One (Seemingly) Small Vector Change, One Giant Leap in Optimism”,
Molecular Therapy, Vol. 2, No. 2, pp. 101 -102, August 2000

This Information Disclosure Citation List is being submitted as a substitute for Form PTO-1449. The Examineris
requested to place his orherinitials on the lines adjacent to the citations to indicate that the reference has been
considered. The Examineris further requested tofill in his or her name and the date the information was considered
in blocks at the bottom of this substitute for Form PTO-1449.

 po May,etal., “Therapeutic haemoglobin synthesis in B-thalassacmic mice expressing lentivirus-encoded human B-

ExaminerSignature Date Considered
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ATTORNEY DOCKET NO.: MSK.P-050

PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Sadelain etal.

Serial No.: 10/188,221

Confirmation No.: 9026

Filed: July 1, 2002

Title: Vector encoding human globin gene and use thereof in treatment of

hemoglobinopathies

SUBMISISON OF SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissionerof Patents

P.O. Box 1450

Alexandria, VA 22313

Sir:

Applicant requests that the references listed on Substitute forForm PTO-1449, whichis

enclosed, be made of record in the Patent Office file relating to the above-captioned application.

Copies of the references are provided herewith. Nofee is believed to be due with this paper as
we have not received an action on the merits, however the Commissioneris authorized to charge

any fees which might be due to Deposit Account No. 15-0610.

Respectfully submitted,
OPPEDAHL & LARSON LLP

Marna Lbre
Marina T. Larson, Ph.D.

Reg. No. 32,038
P.O. Box 5068

Dillon, Co. 80435-5068
970-468-6600

CERTIFICATE OF MAILING UNDER37 CER § 1.8(a

 

 

Therebycertify that thig paper and the attachments namedherein are being deposited with the United States Postal Service as
first class mail in an envelope addressed to Commissioner for Patents, PO Box 1450, Alexandria, VA 22313 on Noy ! 2 2003

~(2- 200
Date ofsignature Lori South
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 PTO/SB/O8A (06-03)
Approvedfor use through 07/31/2003. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. OEPARTMENT OF COMMERCE
Act of 1995, no persons are required to respond to a collection of information unlessit displays a valid OMB control number.

Attomey Docket Number

 

 
 

 
 INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(use as many sheets as necessary)

 
 
 

 
 
 

 
 

  
  

. U.S. PATENT DOCUMENTS

. Cit Document Number Publication Date Name of Patentee or Pages, Columns, Lines, WhereExaminer Ne ‘ MM-DD-YYYY Applicant of Cited Document. Relevant Passages or RelevantInitiats*|No."|"Number-Kind Code? “= Figures Appear
  
 
 
   

 
 
 
 

  
  
  
  
  
  
  

  
 
 
 

FOREIGN PATENT DOCUMENTS

. . gs : Pages, Columns,Lines,
came[oe|___sonignratetDocimen__|PustionDate|navalattenonTeneareaunals ©." [Country Code® Number” Kind Code?(if known) — Applicant of Cite 4 or Relevant Figures Appear

Examiner Date
' Signature Considered

“EXAMINER: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Drawline through citation if not in conformance andnot
‘ considered. Include copyofthis form with next communication to applicant. ' Applicant's uniquecitation designation number (optional), ? See Kinds Codes of US

PTO Patent Documents at www.upsto. gov or MPEP 901.04. * Enter Office that issued the document,by the two-letter code (WIPO Standard ST.3). ‘For Japanese
patent documents,the indication of the year of the reign of the Emperor must precede the serial numberof the patent document. ° Kind of documentby the
appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. ® Applicant is to place a check mark here if Englishlanguage Translation is attached,
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain ar retain a benetit by the public whichisto file (and by the.
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including
gathering, preparing, and submitting the completed application torm to the USPTO. Time will vary depending uponthe individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sentto the ChiefInformation Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND
TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

  
  
  
  

  
   
  
 
 

 
if you need assistance in completing the form, call 1-800-PTO-9199 and select aption 2.
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PTO/SB/08B (06-03)
Approved for use through 06/30/2003. OMB 0651-0031

U.S. Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE
persons are required to respondto a collection of information unlessit displays a valid OMB control number.

Complete if Known
10/188,221
7rre008

STATEMENTBY APPLICANT Sadelain eta} 1832

(use as many sheets as necessary) R.R. Shukla

psheet]ofTPAttormeyDocketNumber|msK.P.050

NON PATENT LITERATURE DOCUMENTS

Include nameof the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
magazine,journal, serial, symposium, catalog,etc.), date, page(s), volume-issue number(s), publisher,city

and/or country where published.

     
 
 

  
  

 
 

Ra
‘6 
  
 Horm 1449B/P RySTRAE”

J  
  

 
 
 

  
   
 
  

Examiner
Initials*

DZIERZAK ET AL., Lineage-specific expression of a human B-globin gene in murine bone marrow transplant
recipients reconstituted with retrovirus-transduced stem cells., 1988, Page(s) 35-41, Volume 331 

KALBERERETAL., Presetection of retrovirally transduced bone marrow avoids subsequent stem cell gene

silencing and age-dependent extinction of expression of human B-globin in engrafted mice, PNAS, 2000, Page(s)
6411 “5415, Volume 97, Number 10 

MAY eT‘AL, Successful treatment of murine B-thalassemia intermedia by transfer of the human B-globin gene,
Blood, 2002, Page(s) 1902-1908, Volume 99, Number 6¥ 

RAFTOPOULOSETAL., Long-Term Transfer and Expression of the Human B-Globin Genein a Mouse
Transplant Model, Blood, 1997, Page(s) 3414-3422, Volume 90, Number 9 

RIVELLA ET AL., Genetic Treatment of Severe Hemaglobinopathies: The CombatAgainst Transgene
Variegation and Transgene Silencing, Seminars in Hematology, 1998, Page(s) 112-125, Volume 35, Number2
 

SABATINOETAL., Long-term expression of y-globin mRNAin mouseerythrocytesfrom retrovirus vectors
containing the human y-globin gene.., PNAS, 2000, Page(s) 13294-13299, Volume 97, Number 24 

  

  

  
*EXAMINER:Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Drawline through citation if not in conformance and not
considered. Include copyof this form with next communication to applicant.
' Applicant's unique citation designation number(optional). ? Applicant is to place a check mark hereif English language Translation is attached.
This collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public whichistofile (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending uponthe individual case. Any comments
on the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sentto the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Applicant(s) 
 
 
 

Application No. 
SADELAIN ET AL.

Examiner Art Unit

Ram R. Shukla 1632

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 1 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensionsof time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a teply be timely filed

 10/188,221   
Office Action Summary   

   

after SIX (6) MONTHSfrom the mailing date of this communication.
- Ifthe period for reply specified aboveis less than thirty (30) days,a reply within the statutory minimum ofthirty (30) days will be consideredtimely.
- INOperiodforreply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extendedperiod for reply will, by statute, cause the application to become ABANDONED (35 U.S.C.§ 133).

Any reply received by the Office later than three monthsafter the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)L] Responsive to communication(s) filed on

2a)L] This action is FINAL. 2b)C This action is non-final.
3)L] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

 
Disposition of Claims

4)] Claim(s) 1-41 is/are pending in the application.
 

4a) Of the aboveclaim(s) is/are withdrawn from consideration.
5)L] Claim(s)___is/are allowed.
6)L] Claim(s)___ is/are rejected.
7)L Ctaim(s) is/are objected to.

 

8)] Claim(s) 1-41 are subjectto restriction and/or election requirement.

Application Papers

9) The specification is objected to by the Examiner.
10) The drawing(s) filed on is/are: a)L] accepted or b)J objected to by the Examiner.

Applicant maynot requestthat any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s)is objected to. See 37 CFR 1.121(d).

11)L] Theoathor declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

 

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis made ofa claim for foreign priority under 35 U_S.C. § 119(a)-(d) or (f).
a)CIAI b)[] Some * c)L Noneof:

1.0] Certified copies of the priority documents have been received.
2.11 Certified copies of the priority documents have been receivedin Application No.
3.0 Copiesofthe certified copies of the priority documents have beenreceivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action fora list of the certified copies not received.

 
  
 

Attachment(s)

1) LJ Notice of References Cited (PTO-892) 4) C1] Interview Summary (PTO-413)
2) L) Notice of Oraftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.__.
3) [J Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [1] Notice ofinformal Patent Application (PTO-152)

Paper No(s)/Mail Date 6) oO Other: .bP
U.S. Patent and Trademark Office .

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 04222004
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Application/Control Number: 10/188,221 Page 2
Art Unit: 1632

DETAILED ACTION

1. Claims 1-41 are pending.

Election/Restrictions

2. Restriction to one of the following inventions is required under 35 U.S.C.

121:

I, Claims 1-18, drawnto a lentiviral vector comprising a functional globin

gene, classified in class 435, subclass 320.1.

II. Claims 19-24 and 29, drawn to a methodoftreating a

hemoglobinopathy in a mammalby introducing into the mammal a

lentiviral comprising a globin gene, classified in class 424, subclass

93.1.

III. Claims 19 and 25-28, drawn to a methodof treating a

hemoglobinopathy in a mammalby introducing into the mammal a cell

ex vivo transduced with a lentiviral comprising a globin gene, classified

in class 424, subclass 93.21.

IV. Claims 30-41, drawn to a method of making hematopoietic progenitory

stem cells transduced with a lentiviral comprising a globin gene,

classified in class 435, subclass 325.

3. The inventions are distinct, each from the other because of the following

reasons:

Inventions of the groupsI-IV are related as product and process of use. The

inventions can be shownto bedistinct if either or both of the following can be

shown: (1) the process for using the product as claimed can be practiced with

another materially different product or (2) the product as claimed can be used in a

materially different process of using that product (MPEP § 806.05(h)).

In the instant case the invention of group I is used for practicing the methods

of groups II and III and for making the stem cells of group IV. Additionally, the

methods of groups II and III comprise distinct steps which are not coextensive.
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Application/Control Number: 10/188,221 Page 3
Art Unit: 1632

Furthermore, methods of groups II-IV can be practiced by using a different vector

comprising a globin gene.

Becausethese inventions are distinct for the reasons given above, have

acquired a separate status in the art shownbytheir different classification and their

recognized divergent subject matter, and because each invention requires a

separate, non-coextensive search, restriction for examination purposes as indicated

is proper.

Applicant is advised that the reply to this requirement to be complete must

include an election of the invention to be examined even though the requirement be

traversed (37 CFR 1.143).

Applicant is reminded that upon the cancellation of claims to a non-elected

invention, the inventorship must be amended in compliance with 37 CFR 1.48(b)if

one or more of the currently named inventors is no longer an inventorof at least

one claim remaining in the application. Any amendmentof inventorship must be

accompanied by a petition under 37 CFR 1.48(b) and by the fee required under 37

CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from

the examiner should be directed to Ram R. Shukla whose telephone numberis

(571) 272-0735 . The examiner can normally be reached on Monday through Friday

from 7:30 am to 4:00 p.m. If attempts to reach the examiner by telephone are

unsuccessful, the examiner's supervisor, Amy Nelson, can be reached at (571) 272-

0804. The fax phone numberfor TC 1600 is (703) 703-872-9306. Any inquiry of a

general nature, formal matters or relating to the status of this application or

proceeding should be directed to the William Phillips whose telephone numberis

(571) 272-0548.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

Page 53 of 547



Page 54 of 547

Application/Control Number: 10/188,221 Page 4
Art Unit: 1632

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR

only. For more information about the PAIR system, see http://pair-

direct.uspto.gov. Should you have questions on access to the Private PAIR system,

contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Ram R. Shukla, Ph.D.

Primary Examiner
Art Unit 1632

_SHUKLA, PH.D.
UMAR EXAMINER
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 
 
 

 
 

Applicant(s): Sadclaim,et al.

Application No.; 10/188,221 RECEIVED
Group Art Unit: 1632 CENTRAL FAX CENTER

Filed: 7/1/2002 JUN 0 1 2004
Examincr: Ram Shukla

Title; Vector Encoding Human Globin Gene
and Use Thereof in Treatment of

Hemoglobinopathies

Confirmation No: 9026

OFFICIAL
Attorney Docket No.: MSK.P-050

Customer No.: 021121

Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

RESPONSE TO RESTRICTION REQUIREMENT

Dear Sir:

Responsive to the restriction requirement mailed May 5, 2004 for the above-captioned
application, Applicants hereby elect the claims of Group I, Claim I-18. This election is made
without traverse. However, Applicants point out that Groups II - IV are drawn to methods of
using the subject matter of Group I. Accordingly, it is respectfully submitted that these claims
should be recombined should the claims of Group I be found to be allowable.

Respectfully Submitted,

Nana SKawsop—
Marina T. Larson, Ph.D

Attormmey/Agentfor Applicant(s)
Reg. No. 32038
(970) 468 6600

Thereby certify that this paper and any attachments named herein are transmitted to the United
States Patent and Trademark Office, Fax number: 703-872-9306 on Junc 1, 2004 . 

 June 1, 2004

Marina T. Larson, PTO Reg. No. 32,038 Date of Signature
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L Hits|Search Text DB Time stamp
Number
1 4934|lentivir$ USPAT; 2004/08/19

US-PGPUB;;|13:08
EPO; JPO;
DERWENT

2 10671|globin USPAT; 2004/08/19
US-PGPUB;|13:08
EPO; JPO;
DERWENT

3 10099|locus ADJ control ADJ region or Icr USPAT; 2004/08/19
US-PGPUB;;13:09
EPO; JPO;
DERWENT

4 986|hs2 or hs3 or hs4 USPAT; 2004/08/19
US-PGPUB;}13:09

| EPO; JPO;
DERWENT

5 2|lentivir$ same globin same (locus ADJ control USPAT; 2004/08/19
AD] region or Icr) same (hs2 or hs3 or hs4) US-PGPUB; .| 13:12

EPO; JPO;
| DERWENT

6 37|globin same (locus ADJ control ADJ region or | USPAT; 2004/08/19
Icr} same (hs2 or hs3 or hs4) US-PGPUB;|13:13

EPO; JPO;
DERWENT

7 314502|vector or lentiviral NEAR vector USPAT; 2004/08/19
US-PGPUB;|13:13
EPO; 3PO;
DERWENT

8 24|globin same (locus ADJ control ADJ region or USPAT; 2004/08/19
Icr} same (hs2 or hs3 or hs4) same (vector or US-PGPUB;|13:17
lentiviral NEAR vector) EPO;. JPO;

DERWENT

9 0|globin same (locus ADJ control ADJ region or USPAT; 2004/08/19
Icr) same (hs2 or hs3 or hs4) same I7.clm. US-PGPUB;|13:13

EPO; JPO;
DERWENT

10 2119|pgk NEAR promoter USPAT; 2004/08/19
US-PGPUB;|13:18
EPO; JPO;
DERWENT

i1 35503;DHFRor dihdrofolate reductase USPAT; 2004/08/19
US-PGPUB;|13:18
EPO; JPO;
DERWENT

12 12046|DHFR or dihdrofolate ADJ reductase USPAT; 2004/08/19
US-PGPUB;|13:18
EPO; JPO;
DERWENT

13 124895|muta$¢ USPAT; 2004/08/19
US-PGPUB;|13:19
EPO; JPO;
DERWENT

14 3263|(DHFRordihdrofolate reductase) SAME (DHFR USPAT; 2004/08/19
or dihdrofolate ADJ reductase) same muta$ US-PGPUB;|13:19

EPO; JPO;
DERWENT

i5 0|(DHFRor dihdrofolate reductase) SAME (DHFR USPAT; 2004/08/19
or dihdrofolate ADJ reductase) same muta$ US-PGPUB;|13:19
samelentivir$ EPO; JPO;

DERWENT

 
  

 
 

Search History 8/19/04 1:24:47 PM Page 1

C:\APPS\EAST\Workspaces\10188221.wsp
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16 13|(DHFR or dihdrofolate reductase) SAME (DHFR USPAT; 2004/08/19

or dihdrofolate ADJ reductase) same muta$ US-PGPUB;|13:19
same globin EPO; JPO;

DERWENT
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=> 3s 19
Lil 631 L9

=> d his

(FILE 'HOME' ENTERED AT 13:25:28 ON 19 AUG 2004)

FILE 'MEDLINE' ENTERED AT 13:25:35 ON 19 AUG 2004
L1 3018 S LENTIVIR?
L2 13425 3 GLOBIN
L3 100877 S ?GLOBIN
L4 1457 S LCR OR LOCUS CONTROL REGION
LS 3S Ll (5) L3 (S) L4
L6 252 S HS2 OR HS3 OR HS3
L7 0S LI (S) L3 (S) L4 (S) Lé
L8 OS Li (L) L3 (L) L4 (L) L6é
Lg 6 S Ll (L) L3 (L) L4

FILE 'MEDLINE, CAPLUS, BIOSIS, EMBASE, PCTFULL, USPATFULL' ENTERED AT
13:31:47 ON 19 AUG 2004

L10 6S L7
Lil 631 S L9
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark OfficeAddress: COMMISSIONER FOR PATENTSP.O. Box 1450

Alexandria, Virginia 22313-1450www.uspio.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

 
10/188,221 07/01/2002 Michel Sadelain MSK.P-050 9026

OPPEDAHL AND LARSON LLP SHUKLA, RAMR
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1632

DATE MAILED:08/25/2004

Please find below and/orattached an Office communication concerningthis application or proceeding.

PTO-90C (Rev. 10/03)
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Application No. Applicant(s) 
10/188,221 SADELAIN ET AL. cen Office Action Summary Examiner

Ram R. Shukla

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensionsof time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filedafter SIX (6) MONTHSfrom the mailing date ofthis communication.

If the period for reply specified aboveis less than thirty (30) days, a reply within the statutory minimum ofthirty (30) dayswill be considered timely.
If NO periodfor reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
Failure to reply within the set or extended periodfor reply will, by statute, cause the application to become ABANDONED (35 U.S.C.§ 133).
Anyreply received by the Office later than three monthsafter the mailing date of this communication, eveniftimelyfiled, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

  

1)—X] Responsive to communication(s) filed on 07 June 2004.
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)L] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

4)[X] Claim(s) 1-41 is/are pending in the application.
4a) Of the above claim(s) 19-47 is/are withdrawn from consideration.

5)L] Claim(s)___is/are allowed.
6)X] Claim(s) 1-18 is/are rejected.
7) Claim(s)___is/are objected to.
8)L] Claim(s)____ are subject to restriction and/or election requirement.

Application Papers

9)C] Thespecification is objected to by the Examiner.

10)[X] The drawing(s) filed on 07 January 2001 is/are: a)X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)L] The oath or declarationis objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LIJAI b)[] Some * c)] Noneof:

1.L] Certified copies of the priority documents have been received.

2.[] Certified copies of the priority documents have beenreceivedin Application No.
3.1] Copiesofthe certified copiesof the priority documents have beenreceivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).
“ See the attached detailed Office action fora list of the certified copies not received.

 

 
 
 

 
   

Attachment(s)

1) BX] Notice of References Cited (PTO-892) 4) C interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date..
3) EX) Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [1 Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 11/17/03. 6) CL] other:en
U.S. Patent and Trademark Office

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 08202004
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Application/Control Number: 10/188,221 Page 2
Art Unit: 1632

DETAILED ACTION

1. Applicant’s election without traverse of the invention of group I, claims 1-18

drawnto a retroviral vector in the reply filed on 6/1/04 is acknowledged. In view of

applicants’ election without traversal, applicants’ arguments are moot.

2. Claims 19-41 are withdrawn from further consideration pursuant to 37 CFR

1.142(b) as being drawn to a nonelected invention, there being no allowable

generic or linking claim. Election was made withouttraversein the reply filed on

6/1/04.

3. Claims 1-18 are under consideration.

4, Application claims priority to provisional applications 60/301.861 (filed JUNE

29, 2001) and 60/302,852 (filed JULY 2, 2001).

Claim Rejections - 35 USC § 112

5. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and
distinctly claiming the subject matter which the applicant regards as his invention.

6. Claim 1-18 are rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter

which applicant regards as the invention.

Claims 1-18 are indefinite because it is unclear as to what is meant by the

term “region” in the claims, for example, in (a) in cliam 1, line 1 claim 2 etc.

Applicants are advised to use commonly used term such as “a nucleotide sequence

encoding” as appropriate.

Claim 5, 8, 14 17 are indefinite because the metes and boundsof the

claimed invention, such as the term “a set of mutations” is not clear and has not

been defined in the specification.
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Claim Rejections - 35 USC § 102

7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102

that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(a) the invention was knownor used by othersin this country, or patented or described in a
printed publication in this or a foreign country, before the invention thereof by the applicant
for a patent.

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

8. Claims 1 and 10 are rejected under 35 U.S.C. 102(a) as being anticipated by

May et al (Nature 406:82-86, 2000).

Mayet al teaches a retroviral vector that comprises sequences human beta-

globin LCR (HS1, HS2, HS3, HS4 and HSS) and sequences encoding humanbeta-

globin gene (seefigure 1).

9, Claims 1 and 10 are rejected under 35 U.S.C. 102(B) as being anticipated by

Raftopoulos et al (Blood 90:3414-3422, 1997).

Raftopoulos et al teaches a retroviral vector that comprises sequences

human beta-globin LCR (HS2, HS3, and HS4) and sequences encoding humanbeta-

globin gene (see figure 1 and materials and methods section on page 3414, right
column).

10. Claims 1-3 and 10-12 are rejected under 35 U.S.C. 102(b) as being

anticipated by LeBoulch (US Patent 5,631,162Nature 406:82-86, 2000).

The patent teaches retroviral vectors with LCR derivatives, with or without

selectable marker, with or without heterologous enhancer/promoer, with or without

5’ or 3’ viral splice sites, globin gene or derivatives (see figure 1). The patent

teaches vectors comprising mouse PGK promoter and DHFR gene (see claims such

as claim 9-16).
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Claim Rejections - 35 USC § 103

11. The following is a quotation of 35 U.S.C. 103(a) which forms the basisforall

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the inventionis not identically disclosed or
described as set forth in section 102ofthistitle, if the differences between the subject
matter sought to be patented and the prior art are such that the subject matter as a
whole would have been obviousat the time the invention was made to a person having
ordinary skill in the art to which said subject matter pertains. Patentability shall not be
negatived by the mannerin which the invention was made.

12. Claims 1-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Raftopoulos et al (Blood 90:3414-3422, 1997) and LeBoulch (US Patent 5,631,162,

9-20-1997) in view of Ercikan et al (Chemistry and Biology of Pteridines and

Folates, Edited by J.E. Ayling et al,. Plenum Press, New York, 1993) and Bertino et

al (WO 97/33988, 12 March 1997).

Raftopoulos et al teaches a retroviral vector that comprises sequences

human beta-globin LCR (HS2, HS3, and HS4) and sequences encoding human beta-

globin gene (see figure 1 and materials and methods section on page 3414, right

column).

The LeBoulch patent teaches retroviral vectors with LCR derivatives, with or

without selectable marker, with or without heterologous enhancer/promoer, with or

without 5’ or 3’ viral splice sites, globin gene or derivatives (see figure 1). The

patent teaches vectors comprising mouse PGK promoter and DHFR gene (see

claims such as claim 9-16). The art also teaches that the vectors have improved

viral titer and low frequency of rearrangement. Column 6 describes different parts

of the vector and that DHFRis one of the selectable markers and PGK promoter was

one of the promoters driving the expression of selectable marker (see lines 45-62).

Neither Raftopulos nor LeBoulch teaches a retroviral vector comprising

human DHFRgeneand that the human DHER has a mutation at aa 22 or 31 of the

wild type sequence.

Ercikan et al teaches effect of mutations on substrate and inhibitor binding

for human DHFR.The art teaches that mutations in codon 22 maty be a hot spot

which readily mutates to impart a MTX-resistant phenotypeto its host cell (see
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introduction on page 515). The art also teaches that these mutants are superior

dominant selectable markers in gene transfer technologies (see the last paragraph
on page 515).

WO 97/33988 teaches double mutant forms of human DHFRthat can be used

as selectable markers and for modifying the genome of humancells, such as bone

marrow or PBMCs to render them resistant to chemotherapy (see the abstract). On

page 7, the art teachesretroviral vector which can incorporate the mutant DHFR

which can be used for increasing tolerance of antifolate tolerance in patients (see
page 8).

At the time of the invention, it would have been obvious to an artisan of

ordinary skill in the art to modify the vector of LeBoulch et al or Raftopoulosetal

by replacing the DHFR genein the vector with the single mutant DHFRof Ercikan or

double mutant of WO 97/33988 with a reasonable expectation of success. An

artisan of skill would have been motivated to use the mutant DHFR because such

would have allowed tolerance to antifolate drugs in patients as taught by WO
97/33988.

13. No claim is allowed.

Any inquiry concerning this communication or earlier communications from

the examiner should be directed to Ram R. Shukla whose telephone numberis

(571) 272-0735 . The examiner can normally be reached on Monday through Friday

from 7:30 am to 4:00 p.m. If attempts to reach the examiner by telephone are

unsuccessful, the examiner's supervisor, Amy Nelson, can be reached at (571) 272-

0804. The fax phone numberfor TC 1600 is (703) 872-9306. Any inquiry of a

general nature, formal matters or relating to the status of this application or

proceeding should be directed to the Dianiece Jacobs whose telephone numberis

(571) 272-0532.

Information regarding the status of an application may be obtained from the
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AMENDMENT

DearSir:

~ In response to the Office Action of August 25, 2004, please amend this application as
follows:

Amendmentsto the Claimsare reflected in the listing of claims which begins on page 2 of this
paper.

Remarks/Arguments begin on page 7 of this paper. This paperand the attach: od berein are beingleposited with the Un zies Postal Service

ficient postage as firsc assmail and addressed toCommussioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450 on
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01 FC:2202 18.00 OF  Nane Anna Waar

Page 1 of 9

Page 74 of 547



Page 75 of 547

Appln No.:  10/188,221
Amendment Dated: November 23, 2004

Reply to Office Action of August 25, 2004

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (previously presented) A recombinant vector comprising:
(a) a region encoding a functional B-globin gene; and
(b) large portions of the B-globin locus contro! region, which include

complete DNase I hypersensitive sites HS2, HS3 and HS4,said vector providing expression of f-
globin when introduced into a mammal in vivo.

2. (previously presented) The vector of claim 1, further comprising a region encoding
a dihydrofolate reductase.

3. (currently amended) The vector of claim 2, further comprising a mouse PGK
promoter, wherein the mouse PGK promoter controls the expression of the region encoding a
dthydrottate dihydrofolate reductase.

4. (currently amended presented) The vector of claim 3, wherein the dihydrofolate
reductase is a human dthdrofotate dihydrofolate reductase.

5. (previously presented) The vector of claim 4, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

6. (previously presented) The vector of claim 5, wherein the set of mutations
comprises a mutation at an amino acid corresponding to aminoacid 22 ofthe wild-type sequence
and a mutation at an aminoacid corresponding to amino acid 31 of the wild type sequence.

7, (currently amended) The vector of claim 2, wherein the dihydrofolate reductase
is ahuman dihdrefolate dihydrofolate reductase.

8. (previously presented) The vector of claim 7, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

Page 2 of 9
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Reply to Office Action of August 25, 2004

9. (previously presented) The vector of claim 8, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

10. (previously presented) The vector of claim 1, wherein the functional globin gene
encodes human B-globin.

11. (previously presented) The vector of claim 10 further comprising a region
encoding a dihydrofolate reductase.

12. (currently amended) The vector of claim 11, further comprising a mouse PGK
promoter, wherein the mouse PGK promoter controls the expression of the region encoding a
dthydroftate dihydrofolate reductase.

13. (currently amended) The vector of claim 12, wherein the dihydrofolate reductase
is a human dthdrofetate dihydrofolate reductase.

14. (previously presented) The vector of claim 13, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
humandihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

15. (previously presented) The vector of claim 14, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an aminoacid corresponding to aminoacid 31 of the wild type sequence.

16. (currently amended) The vector of claim 11, wherein the dihydrofolate reductase
is a human dihdrofotate dihydrofolate reductase.

17. (previously presented) The vector of claim 16, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

18. (previously presented) The vector of claim 17, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 ofthe wild type sequence.

19. (withdrawn) A method for treatment of hemoglobinopathy in a mammalian
individual suffering from a hemoglobinopathy comprising the steps of:

Page 3 of 9
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introducing to the mammalian individual a recombinant vector comprising:
(a) a region encodinga functional B-globin gene; and
(b) large portions of the B-globin locus control region, which include

complete DNase I hypersensitive sites HS2, HS3 and HS4,said vector providing expression of B-
globin when introduced into a mammalin vivo; and

expressing the functional §-globin gene in the mammal, thereby providing a therapeutic
benefit to the mammalian individual.

20. (withdrawn) The method of claim 19, wherein the vector further comprises a
region encoding a dihydrofolate reductase.

21. (withdrawn) The methodof claim 20, wherein the vector further comprises a
mouse PGK promoter, wherein the mouse PGK promoter controls the expression of the region
encoding a dihydroflate reductase.

22. (withdrawn) The methodof claim 21, wherein the dihydrofolate reductase is a
human dihdrofolate reductase.

23. (withdrawn) The method of claim 22, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

24. (withdrawn) The methodof claim 23, wherein the set of mutations comprises a
mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a
mutation at an amino acid corresponding to aminoacid 31 of the wild type sequence.

25. (withdrawn) The method of claim 19, wherein the step of introducing the
recombinantvector is performed by transforming hematopoietic progenitorcells or stem cells
with the recombinant vector ex vivo and then restoring the transformedcells to the mammalian
individual.

26. (withdrawn) The methodof claim 25, wherein the transformed cells are

subjected to a selection process to increase the percentage of transformedcellspriorto restoring
the cells to the mammalian individual.

27. (withdrawn) The method of claim 26, wherein the vector further comprises a
region encoding a dihydrofolate reductase, and wherein the selection process comprises exposure
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of the cells to an antifolate,

28. (withdrawn) The method of claim 27, wherein the antiifolate is methotrexate.

29, (withdrawn) The methodof claim 19, wherein the globin gene encodes human
B-globin.

30. (withdrawn) A mammalian hematopoietic progenitor or stem cell transduced
with a recombinant vector comprising:

(a) a region encodinga functional §-globin gene; and
(b) large portions of the B-globin locus control regions, which include DNase

I hypersensitive sites HS2, HS3 and HS4, wherein said cells express the functional B-globin
gene.

31. (withdrawn) Thetransducedcell of claim 30, wherein the mammalian
hematopoietic progenitor or stem cell is a humancell.

32. (withdrawn) The transducedcell of claim 31, wherein the vector further
comprises a region encoding a dihydrofolate reductase.

33. (withdrawn) Thetransduced cell of claim 32, wherein the vector further

comprises a mouse PGK promoter, wherein the mouse PGK promotercontrols the expression of
the region encoding a dihydroflate reductase.

34. (withdrawn) The transducedcell of claim 33, wherein the dihydrofolate
reductase is a human dihdrofolate reductase.

35. (withdrawn) The transducedcell of claim 34, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductaseas a result of a set of mutations.

36. (withdrawn) Thetransducedcell of claim 35, wherein the set of mutations
comprises a mutation at an aminoacid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to aminoacid 31 of the wild type sequence.

37. (withdrawn) The transducedcell of claim 30, wherein the dihydrofolate
reductase is a human dihdrofolate reductase.-
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38. (withdrawn)

human B-globin.
The transducedcell of claim 30, wherein the globin gene encodes

39. (withdrawn) A method of making a therapeutic compositions for treatment of
henoglobinopathy in a mammalian individual, comprising the steps of preparing a recombinant
lentiviral vector comprising

(a)
(b)

a region encoding a functional B-globin gene; and
large portions of the B-globin locus control regions, which include DNase

I hypersensitive sites HS2, HS3 and HS4,said vector provideing expression of the globin gene
whenintroduced into a mammalin vivo, obtaining hematopoietic progenitor or stem cells from
the mammalian individual, and transducing the cells with the recombinantvector.

40. (withdrawn)

an ex vivo selection using an antifolate.

41. (withdrawn)

The methodof claim 39, further comprising the step of performing

B-globin.
The methodof claim 39, wherein the globin gene encodes human

42. (new) The vectorof claim 1, wherein the large portions of the B-globin locus
control region comprises an 840 bp fragment of HS2 extending between by SmaBIand BstXI
restriction sites, a 1308 bp fragment of HS3 extending between HindIII and BamHI restriction
sites and a 1069 bp fragment of HS4 extending between BamHI and BanlII restriction markers.

43. (new) The vectorof claim 142, further comprising 2 GATA-| bindingsites at the
junction between the HS3 and HS4 fragments.
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REMARKS/ARGUMENTS

This is in response to the Office Action mailed August 25, 2004 for the above-captioned
application. Reconsideration and further examination are respectfully requested.

Claims 3, 4, 12, 13, and 16 have been amendedto correct a typographical error in the
spelling of "dihydrofolate." Claims 42 and 43 have been added dependentof claim 1. These
claims are supported on Pages 5 and 4,respectively. The fee for these additional claimsis
enclosed. The Commissioner is authorized to charge any additional fees or credit any
overpaymentto Deposit Account No. 15-0610.

The Examinerrejected claims 1-18 under 35 USC 112, second paragraphasindefinite. In
particular, the Examiner arguesthat the term "region" and the phrase "a set of mutations" are
indefinite. Applicants respectfully traverse this rejection.

Asafirst matter, Applicants note that."it is incumbent on the Examinerto establish that
one having ordinary skill in the art would not have been able to determine the scope of protection
defined by the claim whenreadin light of the specification." In re Cordova, 10 U.S.P.Q. 2d
1949, 1952 (POBAI 1989). Thus,it is not sufficient to say something is indefinite, the Examiner
must explain whya person skilled in the art would be unable to determine the meaningofthe
claim, given the plain meaningofthe terms and the specification. Here, that burden has not been
met.

Moreover, the claims cannot be shownto be indefinite whenthe correct legal standard is
applied. As to the term "region," the meaning is clear. Part of the vector contains a functional
globin gene. The use of the term "region"in this manneris notat all unusual in the art. Vectors
maybesaid to have promoter regions, and coding regions so the basis for the Examiner's
rejection is not understood. Similarly, the plain meaningof the phrase "set of mutations"is that
the DHFR is different from the wild type as a result of one or more mutations, and these
mutationsare referred to collectively, for convenience in wording, as a "set of mutations." Thus,
Applicants submit that this rejection should be withdrawn.

Claims 1 and 10 standrejected as anticipated over Mayet al. This paper reflects the work
of the inventors of this application. To overcomethis rejection, Applicants enclose Katz-type
declarations signed by each inventor.

The Examinerrejected claims | and 10 as anticipated by Raftopouloset al or LeBoulch
(patent or article). These referencesall disclose the same vector, and therefore are addressed as
one. In order for a reference to anticipate the.claimed invention, the reference must disclose each
and every elementof the claims. In this case, in characterizing the teaching of the reference, the
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Examinerhas left out an important element, namely that the vector contains "large portions of the
B-globin locus control region" that include the "complete DNase I hypersentisive regions."

Since the Examinerhas not addressed the requirementin the claim that the vector contain
large portions of the B-globin locus control regions, including the complete hypersenstive
regions, the basis for the rejection is not clear. It is noted that the Leboulch referencesis
specifically mentioned on Page 4 of the specification, and said to not meet this limitation because
is has only the core elements of the hypersensitive regions. Furthermore, the LeBoulchetal.
patent discloses at Col. 6, lines 30-44 the sequences of the LCR fragments used in the p141
vector. Theseare all significantly shorter than the LCR pieces used in the present invention, as
illustrated in the following table:

LCR-segment LeBoulch RNS 1/May application (bp)
(bp) (bp)  
 
Thus, the references do notdisclose large portions as presently claimed. Theanticipation
rejection should therefore be withdrawn.

Claims 1-18 are also rejected as obvious over Raftopoulos and LeBoulch in view of
Ercikan and Bertino. In makingthis rejection, the Examinerstill has not addressed the limitation
in the claim that the vector contains "large portions" of the LCR and thus has failed to make a
primafacie rejection under 35 USC § 103. Furthermore,as is madeclear in the application, this
difference is significant to the performanceof the vector. In the examples, TNS9is a vector
with large portions of the LCR. RNS1 has small portions of the LCR (see the cited May paper)
similar to those of LeBoulch (RNS!} in Table above). The results clearly show the superiority of
the vectorof the invention. (See Figs 3-5). Thus, the vector of claim | is not obvious, and the
secondary references which relateto limitations in dependent claims do not overcomethe
deficiency of the base references. Thus, the rejections under 35 USC § 103 should be withdrawn,
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AppIn No.: 10/188,221
Amendment Dated: November 23, 2004

Reply to Office Action of August 25, 2004

Forthese reasons, this application is now considered to be in condition for allowance and
such action is earnestly solicited. Further, recombining the non-elected claims is considered
appropriate.

Applicants also enclose a Supplemental Information Disclosure Statement together with
the appropriate fee and copies of the mentioned non-patent references. Entry of the Information
Disclosure Statement and consideration of the references is requested.

Respectfully submitted,

Marina T. Larson Ph.D.

PTO Reg.No. 32,038
Attorney for Applicant
(970) 468-6600

Enclosures:

Declaration (four copies)
Information Disclosure Statement (PTO 1449)
References(3)
Credit Carrd Payment Form
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NOV.15.28084 5:44PM M.SADELAIN MD; PH.D. NO, 445 P.2

  

“Roangat! S IN THE UNITED STATES PATENT AND TRADEMARK ()]: (ICEmoan” ~-——_— 3

Applicant(s): Sadelain, et al.

Application No.: 10/188,221
Group Art Unit: 1632

Filed; 7/1/1002
Examiner: Ram Shukla

Title: Vecbyr Encoding Human Globin Gene and
Use There f in Treatment of Confirmation No: 9026
Hemogiobi aopathios

Attcmey Licciset No.:. MSK.P-050

Customer No.; 021121

 
 

The undersigned inventors each hereby individually declare as follows:

1. Lara.a samed inventor ofthe above-ceptioned application, and as such I sn familiar with the

apy lication, including the claims.

>, I wxlerstand that the Examiner has cited May et al. Nature 406: 82-86 (1997) against this

ap) lication. This publication represents the work ofthe inventors of tty | resent application,
Tc tne extent that others are named as co-authors of the paper, they ers o-named in

recognition ofnon-inventive contributions to the paper. They are not irw ators ofthe invention
clrimned in this application.

3. Thereby declare that all staternents made herein ofmy own knowledge ae true and thet all
stubmments made on infotmation andbeliefare believed to be true; and ft rtber that these

statzrnents were made with the knowlsdge that willful false statements a d the like so made are
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NOV.15.28@4 5:44PM M.SADELAIN MD? PH.D. NO. 445 P.g

ltate/132 Devlsration

punishible by fine or imprisonment, or both, under Section 1001 of Title 8 ofthe United

States; (Mode and that such willful filse statements may jeopardize the valiclit + ofthe application

oT any pitent issued thereon.

slated: Nouts,sooy  
joted; ~

Stefino Rivella

_ dated) a

Chad May

dated! ~-

Joseph Bertine
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 iL IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant(s); Sadelain, et al.

Application No.; 10/188,221

 

  
 
 

 
 
 
 

Group Art Unit: 1632
Filed: 7/1/2002 .

Examiner; Ram Shukla
Tide: Vector Encoding Human Globin Gene and
Use Thereof in Treatment of Confirmation No: 9026
Hemxiglobinopathies

Afftonaey Docket No.: MSK.P-050

Customer No,; 021121

DECLARATIONUNDERRULEJ32

The uniiersigned inventors each hereby individually declare as follows:

L Tam 8 named inventor ofthe above-captioned application, and as such I am familiar with the
lication, including the clai

2. Tunderstand that the Examiner has cited May et al. Nature 406: 82-86 (1997) against this

application, This publication represents the work ofthe inventors of the present application.
To the extentthat others are named as co-authors ofthe paper, they are so-named in

recognition ofnon-inventive contributions to the paper. They are net inventors ofthe invention
claimed in this application.

3. hereby declare that all statements made berein ofmy own knowledge are truc and that all
htatements made on information and belief are belicved to be true; and further that these

Matements were made with the knowledge that willful falso statements and the likes so made are
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Katz/132 Declaration

Punishable by fine ar imprisonment, or both, under Section 1001 ofTitle 18 ofthe United

States Code and that such willful false statements mayjeopardize the vatidity of the application

 
 

 

 

or any patent issyed thereon.

dated:

Michel Sadelain

dated: \i/eR

datedI2yr
Chad May

dated)

Joseph Bertino

TOTAL P.@3
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Sadelain, et al.   

 
 
 

 
 

 

Appl-cation No.: 10/188,221

Group Art Unit: 1632
Filed: 7/1/2002

Examiner. Ram Shukla
Title: Vector Encoding Human Globin Gene and
Use Thereofin Treatment of

Hemoglobinopathies
Confirmation No: 9026

Attorney Docket No.: MSK_P-050

Customer No.: 021121

DECLARATIONUNDERRULE132

The undersigned inventors each hereby individually declare as follows:

1. J am a named inventorofthe above-captioned application, and as such I am familiar with the
application, including the claims.

2. I understand that the Examiner has cited Mayet al. Nature 406: 82-86 (1997) against this
application. This publication represents the work ofthe inventors ofthe present application,
To the extent that others are named as co-authors ofthe paper, they are so-named in
recognition ofnon-inventive contributions to the paper. They are not inventors ofthe invention
claimed in this application.

3. I hereby declare thatall statements made herein ofmy own knowledgeare true andthat all
statements made on information andbeliefare believed to be true; and further that these

statements were made with the knowledgethatwillful false statements and the like SO made are
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Katz/132 Declaration

punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 ofthe United

States Code and that such willful false statements may jeopardize the validity ofthe application

 
 

or any patent issued thereon.

dated:

Michel Sadelain

dated:

Stefano Rivella

dated: Nov. {| 200+/
Chad May

dated:

Joseph Bertino
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‘emaanewiIN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Sadelain, et al.   
 
 
 

 
 

 

 

Application No.: 10/188,221

Group Art Unit: 1632
Filed: 7/1/2002

Examiner: Ram Shukla
Title: Vector Encoding Human Globin Gene and
Use: Thereofin Treatment of
He:nogiobinopathies

Confirmation No: 9026

Attamey Docket No.: MSK.P-050 .

Customer No.: 02112]

DECLARATIONUNDERRULE.132

The undersigned inventors each hereby individually declare as follows:

1, Tam a named inventor ofthe above-captioned application, and as such | am familiar with the
application, inchding the claims.

2. 1 understand that the Examiner has cited Mayet al. Nature 406: 82-86 (1997) against this
application. This publication represents the work ofthe inventors ofthe present application.
To the extent that others are named as co-authors ofthe paper, they are so-named in

recognition of non-inventive contributions to the paper. They are not inventors ofthe invention
claimed in this application.

3.» Thereby declare that all statements made herein ofmy own knowledge are true and that all
Statements made on information and belief are belicyed to be true: and further that these

Statements were made with the knowledge that willful false statements and the like so made are
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Katz/|32 Declaration

punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 ofthe United

States Code and that such willful false statements may jeopardize the validity ofthe application

or any patent issued thereon.

 

 

  

dated:

Michel Sadelain

dated:

Stefano Rivella

dated:

Chad May

dated: U/ L1 oH
J ino ,
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. Y
(Use several sheets if necessary) © Fling Date

July 1, 2002

Group Ar Unit

1632vanes
U. S. PATENT DOCUMENTS

DOCUMENT NUMBER DATE NAME cass|SUBCLAS FILING DATE

  

 
EXAMINER
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IF APPROPRIATE

5,126,260|9802|Tuanetal|_|
§,631,162 5/20/97 LeBoultchetal.

|
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aes|_Rivtreetal[|
FOREIGN PATENT DOCUMENTS

DOCUMENT NUMBER COUNTRY ciass|SUBCLAS[DOCUMENTNUMBER|:

 
 

OTHER DOCUMENTS(Including Author, Title, Date, Pertinent Pages, Etc.)

Dull et al. (1998)J. Virol. 72:8463-8471, “A Third-Generation Lentivirus Vector
with a Conditional Packaging System” .-

ai Naldini et al. (1996) Science 272:263-267, “In Vivo Gene Delivery and StableTransduction of Nondividing Cells by a Lentiviral Vector” .-

|Sadelain et al. (1995) Proc. Natl. Acad. Sci. 92:6728-6732, “Generation of a
 

high-titer retroviral vector capable of expressing high levels of the human &-
globin gene”

DATE CONSIDERED

EXAMINER:Initialif citation considered, whetheror notcitation is in conformance with MPEP § 609; Draw line
throughcitation if not in conformance and not considered. Include copy with next communication to
applicant.  
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Freeform Search ; ‘ . Page 1 of 1

 
 

 
 
    

 

Freeform Search

Database: 3

Term:

Display: {10| Documentsin Display Format: |-_| Starting with Number j1

Search HistoryAADPABABDABPAEADPDIPPDDDDOIIIDDSSDDDELPMDDIOIIIPRDDOLDPDIEDDDOLODLDLPLDIPEPTEPLDLEPIPELLLIEPLOLLDLIOEPPLILPLLPDELPIIPEELELDIDIIIDPLCLLILEDLCELLEDPIIFEDEHPPPLLEPLLOPEOLLPELPEPEDLEEELEDDELLDPOLIOLPLIPLELEDPDELLERTEMIEDEDITEPEPODTIEDIPOTIDEPEECTITIIFIIIPPPIDPIDLID,

DATE: Monday,February 28,2005 Printable Copy Create Case

Set Name uer Hit Count Set Name
side by side result set

DB=PGPB, USPT, USOC,EPAB,JPAB,DWPI, PLUR=YES; OP=ADJ

LS L4 same 13 9 L5

L4 hypersensitive 3652 L4

L3 L2 with 11 149 13

L2 lentivi$ or retrovir$ 43741 L2

Li beta globin 5312, LL

END OF SEARCH HISTORY

"se
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Page 94 of 547



Page 95 of 547

Record Display Form Page 1 of 1

First Hit Fwd Refs Previous Doc Next Doc Go to Doc#

 

L5: Entry 3 of 9 File: USPT Bug 29, 2000

DOCUMENT~IDENTIFIER: US 6110666 A

** See image for Certificate of Correction **
TITLE: Locus control subregions conferring integration-site independent transgene
expression abstract of the disclosure

Brief Summary Text (5):
The complete .beta.-globin LCR comprises four DNase I hypersensitive sites (HS) on
a 20 kbp fragment that is too large to be incorporated into retrovirus or adeno-
associated virus (AAV) vectors designed for integration into the mammalian genome.

Individual_hypersensitive sites, in particular the 5'HS2 associated element, have
been studied for the ability to regulate transduced globin genes (Novak et al.,
Proc. Natl. Acad. Sci. USA 87:3386-3390, 1990; Chang et al., Proc. Natl. Acad. Sci.
USA 89:3107-3110, 1992; Miller et al., Blood 82:1900-1906, 1993). However, it has

proven to be difficult to obtain stable high-titer viruses bearing these sequences.

Previous Doc Next Doc Go to Doc#
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First Hit Fwd Refs Previous Doc Next Doc Go to Doc#

 

L5: Entry 7 of 9 File: USPT Jul 14, 1998

DOCUMENT-IDENTIFIER: US 5780447 A
TITLE: Recombinant adeno-associated viral vectors

Detailed Description Text (80):
10. Takekoshi K. J., Oh Y. I., Westerman K. W., London I. M., Leboulch P.:

Retroviral transfer of a human_beta-globin/delta-globin hybrid gene linked to the
beta locus control region_hypersensitive site 2 aimed at the gene therapy of sickle
cell disease. Proc Natl Acad Sci USA 92: 3014, 1995

Previous Doc Next Doc Go to Doc#
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Record Display Form Page 1 of 2

First Hit Fwd Refs Previous Doc Next Doc Go to Doc#

 

L5: Entry 8 of 9 File: USPT May 20, 1997

DOCUMENT-IDENTIFIER: US 5631162 A

TITLE: Retroviral vecters for transducing .beta.-globin gene and .beta.-locus
control region derivatives

Brief Summary Text (4):
Gene transfer experiments have previously shown that the proximal cis-acting
elements of the human .beta.-globin gene are insufficient for gene therapy
applications because they provide a very low, integration site-dependent expression
of the human .beta.-globin transgene (less than 1 to 5% of human .beta.-

globin/murine.beta..sub.maj -globin mRNA ratio) (Cone et al., Mol. Cell Biol.
7:887-897 (1987); Dzierzak et al., Nature 331:35-41 (1988); Karlsson et al., Proc.
Natl. Acad. Sci. USA 78:3629-3633 (1988); Miller et al., J. Virol., 62:4337-4345

(1988); Bender et al., Mol. Cell. Biol., 9:1426-1434 (1989)}). The discovery of
Imajor hypersensitive sites (HS) far upstream of the human .beta.-globin gene locus,
constituting the .beta.-Locus Control region (.beta.-LCR), has given new hope for
successful gene therapy of human .beta.-globin gene disorders. (Tuan and London,
Proc. Natl. Acad. Sci. USA 81:2718-2722 (1984); Tuan et al., Proc. Natl. Acad. Sci.
USA 82:6384-6388 (1985); Forrester et al., Proc. Natl. Acad. Sci. USA 89:1968-1972
(1986); Grosveld et al., Cell 51:975-985 (1987)). LCR derivatives are able to

confer erythroid-specific, high, integration site-independent expression of a
linked .beta.-globin gene in transgenic mice and murine erythroleukemia (MEL)
cells, which mimic adult erythroid differentiation (Grosveld et al., Cell 51:975-
985 (1987))}. Because the activity of each HS site has now been localized to small
DNA fragments (U.S. Pat. No. 5,126,260; Curtin et al., Proc. Natl. Acad. Sci. USA
86:7082-7086 (1989); Forrester et al., Proc. Natl. Acad. Sci. USA 86:5439-5443

_ (1989); Ryan et al., Genes Dev. 3:314-323 (1989); Tuan et al., Proc. Natl. Acad.
Sci. USA, 86:2554-2558 (1989); Collis et al., EMBO J., 9:233-240 (1990); Ney et
al., Genes Dev. 4:993-1006 (1990); Philipsen et al., EMBO J., 9:2159-2167 (1990);
Talbot et al., EMBO J., 9:2169-2178 (1990); Pruzina et al., Nucleic Acids Res.,
19:1413-1419 (1991); Walters et al., Nucleic Acids Res., 19:5285-5393 (1991)), it

has become possible to construct_retroviral vectors transducing .beta.-LCR
derivatives linked to the human_.beta.-globin gene and its proximal cis-acting
elements (Novak et al., Proc. Natl. Acad. Sci., USA, 87:3386-3390 (1990); Chang et
al., Proc. Natl. Acad. Sci. USA, 89:3107-3110 (1992)). However, these [.beta.-

globin/LCR]_ retroviruses have low titer, are very unstable with multiple
rearrangements upon transmission of the proviral structure, and provide a
relatively modest and highly variable enhancement of .beta.-globin gene expression
in infected murine erythroleukemia (MEL) cells (Novak et al., Proc. Natl. Acad.
Sci. USA 87:3386-3390 (1990); Chang et al., Proc. Natl. Acad. Sci. USA 89:3107-3110
(1992)).

Brief Summary Text (5):
U.S. Pat. No. 5,126,260 describes DNAaseI hypersensitive sites that constitute
the .beta.-LCR and, in particular, identifies the HS2 enhancer within the .beta.-
LCR structure. U.S. Pat. No. 5,126,260 also claims the use of .beta.-LCR and HS2

derivatives in gene transfer protocols, including retrovirus-mediated gene
transfer, to obtain high expression level of the human .beta.-globin gene. However,
U.S. Pat. No. 5,126,260 does not identify specific means by which stable proviral
transmission of [.beta.-globin/LCR] retroviruses can be achieved.
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Set Name uer Hit Count Set Name

side by side result set

DB=PGPB, USPT, USOC,EPAB,JPAB,DWPI; PLUR=YES; OP=ADJ
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First Hit PreviousDoc Next Doc Go to Doc#

End of Result Set :

rm 

L13: Entry 1 of 1 File: PGPB Feb 3, 2005

PGPUB-DOCUMENT-NUMBER: 20050028230
PGPUB-FILING-TYPE: new
DOCUMENT-IDENTIFIER: US 20050028230 Al

TITLE: Non-human animals expressing heterologous complement receptor type 1 (CR1)
molecules on erythrocytes and uses therefor

PUBLICATION-DATE: February 3, 2005

US-CL-CURRENT: 800/18; 435/320.1, 435/354
 

APPL-NO: 10/ 843038 PALM

DATE FILED: May 10, 2004

RELATED-US-APPL-DATA:

Application is a non-provisional-of-provisional application 60/469262, filed May 9,
2003,

RELATED APPLICATION

[0001] This application claims priority to U.S. provisional application Ser. No.

60/469,262 filed May 9, 2003, the contents of which are entirely incorporated by
reference.
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Record Display Form Page 1 of 1
XK

First Hit Fwd Refs Previous Doc Next Doc Go to Doc#

End of Result Set

 

L14: Entry 4 of 4 : File: USPT Sep 3, 2002

DOCUMENT-IDENTIFIER: US 6444421 Bl

TITLE: Methods for detecting intermolecular interactions in vivo and in vitro

Detailed Description Text (199):
A locus control region (LCR) confers high level, position-independent expression of
a linked gene (see, Orkin (1995) Eur J Biochem 231:271-81). The best characterized
among these is the .beta.-globin LCR which serves as the master regulatory element
for the expression of the globin family of genes in a locus that spans almost 100
kb (Orkin, id.). The expression of the giobin family of genes in erythroid cells
are developmentally regulated. In human, the .epsilon.-globin gene is expressed
first in the embryo, followed by the gamma globin genes in the fetus, and
the .beta.-globin gene at birth and throughout life. Proper expression of all these
genes is dependent on the LCR, which resides in four DNase l1_hypersensitive sites
(S'HS1-5) located upstream of the .epsilon.-globin gene. The complete set of these
hypersensitive sites is required for full position-independent expression
suggesting that they act synergistically. These DNasel hypersensitive sites contain
a number of binding sites for CACCC and E box binding factors, GATA-1 and NFE-2 as
well as yet uncharacterized factors (Talbot and Grosveld (1991) EMBO J. 10:1391-8).
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Application No. Applicant(s)

10/188,221 SADELAIN ET AL.

Office Action Summary Examiner Art Unit
Dave T. Nguyen ‘of

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FORREPLYIS SET TO EXPIRE 3 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.Extensions of time maybe available underthe provisions of 37 CFR 1.136(a). In no event, however, maya reply be timely filed
after SIX (6) MONTHSfrom the mailing date of this communication.
ff the period for reply specified aboveis less than thirty (30) days, a reply within the statutory minimum ofthirty (30) days will be considered timely.
tf NO period for reply is specified above, the maximumstatutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C.§ 133).
Any reply received by the Office later than three months after the mailing date of this communication, eveniftimely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 22 December 2004.

2a)L] This action is FINAL. 2b) This action is non-final.
3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)K] Claim(s) 1-43 is/are pendingin the application.
4a) Of the above claim(s) 79-47 is/are withdrawn from consideration.

5)L] Claim(s)___is/are allowed.
6)X] Claim(s) 1-18.42 and 43is/are rejected.
7) Claim(s) is/are objected to.
8)L] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)C] Thespecification is objected to by the Examiner.
10)] The drawing(s)filed on is/are: a)L] accepted or b)L] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)C) The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)DIAl b)L Some * c)L Noneof:

1.L] Certified copies of the priority documents have been received.
2.0.) Certified copies of the priority documents have been received in Application No.
3.0] Copies of the certified copies of the priority documents have been receivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s).

1) 4 Notice of References Cited (PTO-892) 4) O Interview Summary (PTO-413)
2) J Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.__.
3) EX] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice ofInformal Patent Application (PTO-152)

Paper No(s)/Mail Date 11/26/04. 6) other:
U.S. Patent and Trademark Office :
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 3052005
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Claims 3, 4, 12, 13, 16 have been amended,claims 42 and 43 have been

added by the amendmentfiled November 23, 2004. This application is now

assigned to a new examiner.

Claims 19-41 have been withdrawn from further consideration by the

examiner, 37 CFR 1.142(b), as being drawn to a non-elected claimed invention.

Claims 1-18, 42, and 43, to which the following grounds of rejection are

applicable, are pending.

This application contains sequence disclosures (see page 8 and page 9,

for example) that are encompassedbythe definitions for nucleotide and/or amino

acid sequencessetforth in 37 CFR 1.821(a)(1) and (a)(2). However, this

application fails to comply with the requirements of 37 CFR 1.821 through 1.825

for the reason(s) set forth on the attached Notice To Comply With Requirements

For Patent Applications Containing Nucleotide Sequence And/Or Amino Acid

Sequence Disclosures.

Applicant must comply with the requirements of the sequence rules (37 CFR

1.821 - 1.825) should this application be issued with an allowable claim.

| In view of applicant's remarks in the response, particularly page 7 bridging

page8,the prior art rejections of record have been replaced by new groundsof prior

art rejection, which would accurately reflect the nature of the invention andits

obviousness overthe priorart of record.

The invention is drawn to a recombinant vector having a region encoding a
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functional.beta.-globin gene; and large portions of the .beta.-globin locus control

regions which include DNase | hypersensitive sites HS2, HS3 and HS4 provides

expression of .beta.-globin whenintroduced into a mammal, for example a human, in

vivo. The as-filed application on par. 0021 states:

The recombinant vectors of the invention also include large portions of the
locus control region (LCR) which include DNase| hypersensitive sites HS2,
HS3 and HS4. In prior studies, smaller nucleotide fragments spanning the
core portions of HS2, HS3 and HS4 have beenutilized. Sadelain et al. Proc.
Nat'l Acad. Sci. (USA)92: 6728-6732 (1995); Lebouich et al., EMBO J. 13:
3065-3076 (1994). The term "large portions” refers to portions of the locus
control region which encompasslarger portions of the hypersensitive sites as
opposedto previously tested fragments including only the core elements. The
regions may be the complete site or some lesser site which provides the
same functionality as the specific sequences set forth below. In preferred
embodiments of the invention, the large portions of the locus control regions
are assembled from multiple fragments, each spanning one of the DNase|
hypersensitive sites. In addition, the locus control region has two introduced
GATA-1 binding sites at the junction between HS3 and HS4. While not
intending to be bound by any specific mechanism, it is believed that the
incorporation of these transcription factor binding sites enhances the
effectiveness of the vector.

Thus, the issue, when readlight of the as-filed application and applicant's

remark, is whether or not the mererecitation of “large portion of the B-globin

locus control region”, notwithstanding the fact showing that previously tested

fragments including “only the core elements” are well-knownin the prior art

(LeBoulch), is sufficient to render the presently claimed invention patentable. A

close review of the as-filed application only shows that by constructing a lentiviral

vector comprising essentially of the 3.2 kb LCR, which consists of an 840 bp HS2

fragment (SnaBl-BstX]), a 1308 bp HS3 fragment (Hind!!I-BamH!) and a 1069 bp
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HS4 fragment (BamHI-Banll), unexpected levels of expression of the human

beta-globin gene were producedboth in vitro and in vivo. See figures 3, 5 and 6.

Howeverand on the basis of one single unexpected finding with regard to

the make and use of the TNS9 vector, the as-filed application attempts to claim

any recombinant vector expressing a functional B-globin gene and such a “large

portion of the B-globin locus control region’. While it could be reasonably argued

that the prior art such as LeBoulch (US patent 5,631,162) does not anticipate the

claimed invention becauseof the “large portion” limitation and becauseof the
recitation of the patentitself as the benchmark of the “core elements”, such is not

sufficient to render the claimed invention, as broadly claimed, non-obvious over

the prior art of record. This is precisely because 1) It is well-established in the

prior art of record that recombinantviral vectors comprising more than the core
portions the B-globin locus control region could be routinely made to drive

expression of the human beta-globin gene whenintroduced into a mammalin

vivo; and 2) the claimed invention could reasonably construed as to embrace any

further extension of any portion of nucleotide residues flanking the core portions

the B-globin locus control region, e.g., > two nucleotide residues up to portions

that can reasonably inserted into a recombinant viral vector, e.g., retroviral

vector, gutless recombinant adenovirus vector (up to 30 kbinsert).

In view of 1) and 2) and in view ofthe fact that one single unexpected

finding of the TNS9 vector is not commensurate in scope of the claimed

invention, the following groundsof rejection are properly applicable:
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Claims 1-3, and 10-12 are rejected under 35 USC 103 as being

unpatentable over LeBoulch (US Pat No. 5,631,162) or Sadelain et al. (PNAS,

Vol 92, pp. 6728-6732, 1995), each of which taken with either Grosveld (US

6,110,666) or Chung (US Pat No. 6,444,421 B1). |

The patent teachesretroviral vectors with LCR derivatives, with or without

selectable marker, with or without heterologous enhancer/promoter, with or

without 5/ or 3/ viral splice sites, globin genes or derivatives (see Figure 1). The

patent teaches vectors comprising mouse PGK promoter and DHFR gene (see

claims such as claims 9-16. Column 6 of the patent discloses that the 374 bp-

HS2, 287 bp-HS3 and the 243-bp HS4.

Sadelain et al. teaches that as long as HS2 and HS3areoriented in the

samedirections as the beta-globin gene and adjacentto its promoter, that a full

intron 1, a 476-bp intron 2 are present, and the 1-kb LCR fragment comprising

the 478-bp HS2, 260-bp HS3, and 283-bp HS4 core sequences, a recombinant

vector with necessary elements (page 6731, column 2) b such as the MB6LK

vector (page 6730, columns 1 and 2) can be constructed to direct elevated beta-

Globin expression.

In view of applicant's loose definition of the “large portion’, and given

applicant’s remark on page 8, applicant appears to assert that anyprior art

teaching only the core elements of the hypersensitive regions is outside of the

scopeofthe claimed invention. Hence, a claimed invention that could

reasonably comprise any portion of nucleotide residues flanking the core element
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is clearly within the scope of the claimed invention, which merely recites a “large

portion of the B-globin locus control region”.

Within the above context, as exemplified by either LeBoulch or Sadelain,

Grosveld et al. teaches on column 4 that as long as a fully functional or complete

_ LCR includes a chromatin opening domain, and on column 7 that, for example,

the 5’HS3 and 5'HS2 based construct comprises the 1.9 kB DNA sequenceis

sufficient to drive high level of transgene expression.

Likewise, Chung teachesthat the beta-globin LCRis well-studied, and is

known to confer high level, position-independent expression of a linked gene

(column 37). In fact, it is conventional and/or routine for one of ordinary skill in

the art to construct and makeconstructs that have portions larger than the core

elements necessary to drive expression of a linked gene such as the human

beta-globin gene, as long as promoter enhancing regions and/or transcription

factor bindings sites are retained, wherein these sites are well taught in the prior

art of record. More specifically, column 39, secondfull par. discloses that a 0.85

kb HS3, a 1.25 kb HS4 and together a 4.63 kb fragment that contains HS2,3,

and 4 of the globin LCR can be constructed into a cloning vector.

As such, it would have been obviousfor one of ordinary skill in the art to

construct and employ any additional nucleotides residues flanking the core

elements as disclosed in LeBoulch or Sadelain and/or any additional well-known

elements such as enhancers, promoters, selectable markers, as a matter of

suitable use of cloning techniques so long as the essential elements such as
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necessarily elements of a recombinantviral vector, promoter enhancing regions,

a chromatin opening domains, and desired transcription factor binding sites are

retained, thereby enhancing the expression of the transgene.. One would have

been motivated to employ portions larger than the core elements becauseof the

teaching of Grosveld, which teaches that as long as a fully functional or complete

LCRincludes a chromatin opening domain, e.g, the 5'HS3 and 5’HS2 based

construct comprises the 1.9 kKB-HS3 DNA sequence,is constructed, such is

sufficient to drive high level of transgene expression. One also would have been

motivated to employ a larger portion than the core elementsassetfroth in

LeBoulch or Seadelain because Chung discloses that a 0.85 kb HS3, a 1.25 kb

HS4 and together a 4.63 kb fragment that contains HS2, 3, and 4 of the globin

LCR can be constructed into a cloning vector, and thus, showsthat suchis also

suitable for use to drive high expression of a transgenein a targetcell.

Thus, the claimed invention was prima facie obvious.

Claims 1 and 42 are rejected under 35 USC 103 as being unpatentable

over LeBouich (US Pat No. 5,631,162) or Sadelain ef a/. (PNAS, Vol 92, pp.

6728-6732, 1995), each of which taken with Chung (US Pat No. 6,444,421 B1),

and further in view of Grosveld (US 6,110,666).

The patent teachesretroviral vectors with LCR derivatives, with or without

selectable marker, with or without heterologous enhancer/promoter, with or

without 5/ or 3/ viral splice sites, globin genes or derivatives (see Figure 1). The
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patent teaches vectors comprising mouse PGK promoter and DHFR gene (see

claims such as claims 9-16. Column 6 of the patent discloses that the 374 bp-

HS2, 287 bp-HS3 and the 243-bp HS4.

Sadelain et a/. teaches that as long as HS2 and HS3areoriented in the

same directions as the beta-globin gene and adjacentto its promoter, that a full
intron 1, a 476-bp intron 2 are present minuse the 3’ enhancer, and the 1-kb LCR

fragment comprising the 478-bp HS2, 260-bp HS3, and 283-bp HS4 core

sequences, a recombinant vector with necessary elements (page 6731, column

2) b such as the MB6LKvector (page 6730, columns 1 and 2) can be constructed

to direct elevated beta-Globin expression.

In view of applicant's loose definition of the “large portion”, and given

applicant's remark on page 8, applicant appears to assert that any prior art

teaching only the core elements of the hypersensitive regions is outside of the

scope of the claimed invention. Hence, a claimed invention that could

reasonably comprise any portion of nucleotide residues flanking the core element

is clearly within the scope of the claimed invention, which merely recites a “large

portion of the B-globin locus control region’.

Within the above context, Chung teachesthat the beta-globin LCRis well-

studied and known to conferhigh level, position-independent expression of a

linked gene (column 37). In fact, it is conventional and/or routine for one of

ordinary skill in the art to construct and make constructs that have portions larger
than the core elements necessary to drive expression of a linked gene such as
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the human beta-globin gene, as long as promoter enhancing regions and/or

transcription factor bindings sites are retained, wherein thesesites are well

taught in the prior art of record. More specifically, column 39, secondfull par.

discloses that a 0.85 kb HS3, a 1.25 kb HS4 and together a 4.63 kb fragment

that contains HS2, 3, and 4 of the globin LCR can be constructed into a cloning

vector.

As such,it would have been obviousfor one of ordinary skill in the art to

construct and employ anyadditional nucleotides residues flanking the core

elements as disclosed in LeBoulch or Sadelain and/or any additional well-known

elements such as enhancers, promoters, selectable markers, as a matter of

suitable use of cloning techniques so long as the essential elements such as

necessarily elements of a recombinantviral vector, promoter enhancing regions,

a chromatin opening domains of the LCR, and desired transcription factor binding

sites of the LCR are retained, thereby enhancing the expression of the

transgene... One would have been motivated to employ portions larger than the

core elements, such as the 4.63 fragment of Chung, because Chung teaches

that it is conventional and/or routine for one of ordinary skill in the art to construct

and make constructs that have portions larger than the core elements necessary

to drive expression of a linked gene such as the humanbeta-globin gene, as long

as promoter enhancing regions and/ortranscription factor bindings sites are

retained, wherein these sites are well taught in the prior art of record.

Accordingly, this teaching is further exemplified by the make and useof the 4.63

fragment of the LCR of Chung, which comprises the 840-bp HS2, the 1069 bp
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fragment of HS4, and the 0.85 kb HS2. One would have a reasonable

expectation of success of making a suitable modification because of the teaching

of the totality of the prior art of record. This totality of the prior art of record would

also include Applicant's own work (Sadelain et a/), which teaches that as long as

HS2 and HS3 areoriented in the samedirections as the beta-globin gene and

adjacent to its promoter, that a full intron 1, a 476-bp intron 2 are present minuse

the 3’ enhancer, and the 1-kb LCR fragment comprising the 478-bp HS2, 260-bp

HS3, and 283-bp HS4 core sequences, a recombinant vector with necessary

elements (page 6731, column 2) b such as the MB6LK vector (page 6730,

columns 1 and 2) can be constructed to direct elevated beta-Globin expression.

The combined cited references do not teach a further incorporation of the

larger fragment than the one described in Chung, such as a HS3 fragment

comprising a 1308 bp fragment.

However, at the time the invention was made, Grosveld et a/. teaches on

column 4 that as long as a fully functional or complete LCR includes a chromatin

opening domain, and on column7 that, for example, the 5°HS3 and 5’HS2 based

construct comprises the 1.9 kB HS3 based DNA sequenceis sufficient to drive

high level of transgene expression.

Oneofordinary skill in the art wouldalso have been motivated to employ

a larger portion than the HS3 fragment, as set forth in the combined based

references, in a recombinant vector constructed for expression of a globin gene.

One would have been motivated to employ a HS3 fragment that comprises a
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chromatin opening domain such as one described in Grosveld because Grosveld

teaches on column 4 that as long as a fully functional or complete LCR includes

a chromatin opening domain, and on column 7 that, for example, the 5'HS3 and

5’HS2 based construct comprises the 1.9 kB DNA sequenceis sufficient to

enhancea high level of transgene expression in a desired cell in vivo.

Thus, the claimed invention was prima facie obvious.

Claims 1-18 are rejected under 35 USC 103 as being unpatentable over

LeBoulch (US Pat No. 5,631,162) or Sadelain et al. (PNAS, Vol 92, pp. 6728-

6732, 1995), each of which taken with either Grosveld (US 6,110,666) or Chung

(US Pat No. 6,444,421 B1), and further in view of Ercikan (Chemistry and Biology
of Pteridines, and Folats, 1993) and Bertino (WO 97/33988).

The rejection of the base claims, as being unpatentable over LeBoulch

(US Pat No. 5,631,162) or Sadelain et a/. (PNAS, Vol 92, pp. 6728-6732, 1995),

each of which taken with either Grosveld (US 6,110,666) or Chung (US Pat No.

6,444,421 B1), is applied here as indicated above.

The combined cited references do not teach a retroviral vector comprising

human DHFR geneand that the human DHFR has a mutation at aa22 or 31 of

the wild type sequence.

Ercikan teacheseffect of mutations on substrate and.inhibitor binding site

for human DHFR. Theart teaches that mutations in codon 22 may be a hot spot
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which readily mutates to impart a MTX-resistant phenotypeto its host cell (see

page 515). The art also teaches that these mutants are superior dominant

selectable markers in gene transfer technologies (see the last par. On page 515).

The ‘988 reference teaches double mutant forms of human DHFRthat can

be used as selectable markers and for modifying the genome of humancells,

such as bone marrow of PBMCsto render them resistant to chemotherapy

(abstract). On page7, the art teachesretroviral vector which can incorporate the

. mutant DHFR which can be used for increasing tolerance of antifolate tolerance

in patients (see page 8).

At the time the invention was made,it would have been obvious to an

artisan of ordinary skill in the art to modify the vector of the based combinedcited

references by replacing or incorporating the DHFR geneinto the vector with the

single mutant DHFR of Ercikan or double mutant of the ‘988 reference with a

reasonable expectation of success. Oneof ordinary skill in the art would have

been motivated to use the mutant DHFR mutant because such would have

allowed tolerance to antifolate drugs in patients as taught by the ‘988 reference.

Thus, the claimed invention was prima facie obvious.

Applicant's response (pages 8 and 9,particularly page 9) has been

considered by the examiner, but is either moot or not persuasive because of the

new groundsof rejection and remarks as set forth above.
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The following is a quotation of the second paragraph of 35 U.S.C.

* 112:

The specification shall conclude with one or more claims
particularly pointing out and distinctly claiming the subject
matter which the applicant regards as his invention.

Claim 43 is rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter

which applicant regards as the invention.

Claim 43is indefinite because the claim is dependent on a base claim

(claim 142) which is not recited any where on record. Thus, the metes and

boundsof the claim can not be determined. Clarification is requested.

Applicant is suggested to amend the claims limited to a lentiviral vector —

comprising essentially of the 3.2 kb LCR, which consists of an 840 bp HS2

fragment (SnaBl-BstXl), a 1308 bp HS3 fragment (Hindlll-BamHl) and a 1069 bp

HS4 fragment (BamHI-Banll). Such claim amendment would obviateall

outstandingprior art rejection because of applicant's unexpectedfinding as

described above.

Any inquiry concerning this communication or earlier communications from
the examiner should be directed to examiner Dave Nguyen whosetelephone
numberis 571-272-0731. .

If attempts to reach the examiner by telephone are unsuccessful, the
examiner's supervisor, Ram Shukla, may be reached at 571-272-0735.

Papersrelated to this application may be submitted to Group 1600 by
facsimile transmission. Papers should be faxed’ to Group 1600 via the PTO
Central Fax number, which is 571-273-8300.

Patent applicants with problems or questions regarding electronic images
that can be viewedin the Patent Application Information Retrieval system (PAIR)
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can now contact the USPTO’s Patent Electronic Business Center (Patent EBC)
for assistance. Representatives are available to answer your questions daily
from 6 am to midnight (EST). Thetoll free number is (866) 217-9197. When
calling please have your application serial or patent number, the type of
document you are having an image problem with, the number of pages and the
specific nature of the problem. The Patent Electronic Business Centerwill notify
applicants of the resolution of the problem within 5-7 business days. Applicants
can also check PAIRto confirm that the problem has been corrected. The
USPTO’s Patent Electronic Business Center is a complete service center
supporting all patent business on the Internet. The USPTO’s PAIR system
provides Internet-based accessto patent application status and history
information. It also enables applicants to view the scanned imagesof their own
application file folder(s) as well as general patent information available to the
public.

Forall other customer support, please call the USPTO Call Center
(UCC)at 800-786-9199.

Dave Nguyen
Primary Examiner
Art Unit: 1632

De
DAVE TRONG MGUYT:
PRIMARY EXAMINE ;
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rook JOUSH 6Che LZTL ZTZ Xva 2O'ST NOR 0/22/TT
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CENTRAL FAX CENTER
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

 

 
 
 

  

Applicant(s): Sadelain,etal.

Application No.:; 10/188,221
Group Art Unit: 1632

Filed: 7/1/2002
Examiner: R. Shukla

Title: Vector Encoding Human Globin Gene
and Use Thereof in Treatment of

Hemoglobinopathies

Confirmation No: 9026

Attorney Docket No.: MSK.P-050

_ Customer No.: 021121

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450
AMENDMENT

_ Dear Sir:

In response to the Office Action of March 31, 2005, please amendthis application as
follows: we

J/70i72063 TLOLLL §=©—GRBERG1 1649221

al reseeel 18.08 OP
Amendments to the Specification begin on page 2 of this paper. Flseebe 75.66 OF

Amendments to the Claimsare reflected in the listing of claims which begins on page 3 ofthis
paper.

Remarks/Arguments begin on pageof this paper.

I hereby certify that this paper and any attachments named herein are transmitted to the United
States Patent and Trademark Office, Fax number: 703-872-9306 on _June 30,2005 .

SP Aan June 30, 2005
Marina T. Larson, PTO Reg. No. 32,038 Date of Signature
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Appin No.: 10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

Amendments to the Specification

Please amend the paragra ridging Pages 7-8 as follows:

Toinvestigate the tissue specificity, stage specificity and expressionlevel of the vector-
encoded human B-globin gene, we transduced RNS1 and TNS9into MEL cells, lymphoid Jurkat
cells and myeloid HL-60 cells. Cell-free viral supernatant was used to infect C88 MEL cells in
the presence of polybrene (8 zg ml"). Transduced MEL cells were subcloned bylimiting -
dilution, and screened by PCR for transduction”using primers that annealin the human B-globin
promoter sequence (BPS, 5' -GTCTAAGTGATGACAGCCGTACCTG-3', Seq ID No.: 1) andin
HS2 (C2A,5'- TCAGCCTAGAGT GATGACTCC TATCTG-3', Seq ID No.: 2). Vector copy
numberand integration site analysis was determined by Southern blot analysis®. Transduced .
MEL cells were induced to maturation by 5-day culture in 5 mM N,N’- hexamethylene
bisacetamide (HMBA, Sigma).

: Pa é amendthefirst full para h afte @ titles in Example 3 as follows:

Total RNA was extracted from MEL,Jurkat and HL-60 cells, or mouse spleen and blood
using TRIzol. Quantitative primer extension assays were done using the Primer Extension
System-AMV Reverse Transcriptase kit (Promega) with [P] dATP end-labefled primers
specific for retroviral-derived humanf\-globin (5' -CAGTAACGGCAGACTTCTCCTC-3’,,Seq
ID Nao.: 3) and mouse f-globin (5' -TGATGTCTGTTTCTGGGGTT GIG -3',SeqIDNo.:4),
with predicted extension products of 90 bp and 53 bp, respectively. The probes yield products of
identical length for B™4, B™", B* and B'. Primers were annealed to 4ug of RNA and reactions were
run according to manufacturer’s protocols. Radioactive bands were quantitated by
phosphorimageranalysis (BioRad). RNAisolated from A85.68 mice” was usedas positive
control. After correction for primerlabelling, the human to mouse RNA signal was 29 + 1% per
gene copy in repeated experiments(n > 8), in agreement with previous findings based on RT-
PCR”. Values measured in bone marrow chimaeras that were obtained in separate runs were
standardized to the value obtained in the A85.68 RNA sample. In Figs. 2 and 3c, d, human B-
globin expression is expressed per vector copy and normalized to the endogenoustranscripts
(accounting for two endogenousalleles), In Fig. 3b, human transcripts are reported as the
fraction oftotal B-globin RNA (HuB / Hu + Muf)to reflect absolute contribution of vector-
encodedtranscripts.
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Appin No.: 10/188,221
AmendmentDated: June 30, 2005

Reply to Office Action of March 31, 2005

Amendmentsto the Claims:

This listing of claims will replace-all prior versions, andlistings, of claims in the application:

Listing of Claims:

1, (currently amended) A recombinant vector comprising:
(a) a region encoding a functional B-globin gene; and
(b) _—_‘farge portions of the B-globin locus control region, which consist

essentially of an 840 bp fragment of HS2 extending between SnaBI and BstXI restriction sites, a
1309 bp fragment of HS3 extending between HindIil and BamHI restriction sites and a 1069 bp

: fragment of HS4 extending between BAMI restr

; , said vector providing expression of B-glebin when

 

    

introduced into a mammalin vivo.

2. (previously presented) The vector of claim 1, further comprising a region encoding
a dihydrofolate reductase. ;

3. (previously presented) The vector of claim 2, further comprising a mouse PGK
promoter, wherein the mouse PGK promoter controls the expression of the region encoding a
dihydrofolate reductase. x

4. (previously presented) The vectorof claim 3, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

5. (previously presented) The vector of claim 4, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

6. (previously presented) The vectorof claim 5, wherein the set of mutations
coraprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 ofthe wild type sequence.

7. (previously presented) The vector of claim 2, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

8. (previously presented) The vector of claim 7, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
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Appln No.:  10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase asa result of a set of mutations.

9. (previously presented) The vector of claim 8, wherein the set of mutations
comprises a mutation at an aminoacid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

10. (previously presented) The vector of claim 1, wherein the functiona} globin gene
encodes human B-globin.

{1. (previously presented) The vectorof cl aim 10 further comprising a region
encoding a dihydrofolate reductase.

12. (previously presented) The vector of claim 11, further comprising a mouse PGK
promoter, wherein the mouse PGK. promoter controls the expression of the region encoding a
dihydrofolate reductase. :

13. (previously presented) = The vector of claim 12, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

14. (previously presented) ~ The vector of claim 13, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

15. (previously presented) The vector of claim 14, wherein the set of mutations
comprises a mutation at an amino acid corresponding to aminoacid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to aminoacid 31 of the wild type sequence. °

16. (previously presented) The vector of claim 11, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

17. (previously presented) The vectorof claim 16, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

18. (previously presented) The vector of claim 17, wherein the set of mutations
comprises a mutation at an amino acid corresponding to aminoacid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.
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Reply to Office Action of March 31, 2005

19. (withdrawn, currently amended) A method for treatment of hemoglobinopathy in a
mammalian individual suffering from a hemoglobinopathy comprising the steps of:

introducing to the mammalian individual a recombinant vector comprising:
(a) a region encoding a functional §-globin gene; and
(b) farge portions of the B-globin locus control region, which consist

essentially of an 840 bp fragment of HS2 extending between SnaBI and BstX/ restriction sites, a
1309 bp fragment of HS3 extending between HindU and BamHI restriction sites and a 1069 bp
fragment of HS4 extending between BAMHI and Banll restriction sites-inctude-completeDNase

PhypersensitivesitesHS2_HS3antHS4,said vector providing expression of f-globin when
introduced into a mammalin vivo; and

expressing the functional B-globin gene in the mammal, thereby providing a therapeutic
benefit to the mammalian individual. .

20. (withdrawn) The method of claim 19, wherein the vector further comprises a
region encoding a dihydrofolate reductase.

21. (withdrawn, currently amended) The method of claim 20, wherein the vector further
comprises a mouse PGK promoter, wherein the mouse PGK promotercontrols the expression of
the region encoding a dthrydroftate dihydrofolate reductase.

22. (withdrawn, currently amended) The method of claim 21, wherein the dihydrofolate.
reductase is a human ditdrofotate dihydrofolate reductase. .

23. (withdrawn) The method of claim 22, wherein the human dihydrofolate
reductase is a mutant form having increased resistanceto antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in aminoacid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

24. (withdrawn) The method of claim 23, wherein the set of mutations comprises a
moutation at an amino acid corresponding to aminoacid 22 of the wild-type sequence and a
mutation at an amino acid correspondingto amino acid 31 of the wild type sequence.

25. (withdrawn) The method of claim 19, wherein the step of introducing the
recombinantvector is performed by transforming hematopoietic progenitor cells or stem cells
with the recombinant vector ex vivo and then restoring the transformed cells to the mammalian
individual. ,
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26. (withdrawn) The method of claim 25, wherein the transformedcells are
subjected to a selection process to increase the percentage of transformed cells prior to restoring
the cells to the mammalian individual.

27. (withdrawn) The method of claim 26, wherein the vector further comprises a
region encoding a dihydrofolate reductase, and wherein the selection process comprises exposure
of the cells to an antifolate,

28. (withdrawn) The method of claim 27, wherein the antiifolate is methotrexate.

29. (withdrawn) The methodof claim 19, wherein the globin gene encodes human.
B-globin.

30. (withdrawn) A mammalian hematopoietic progenitor or stem cell transduced
with a recombinant vector comprising:

(a) a region encoding a functional B-globin gene; and
(b) large portions of the B-globin locus control regions, which include DNase

I hypersensitive sites HS2, HS3 and HS4, wherein said cells express the functional B-globin
gene.

31. (withdrawn) The transduced cell of claim 30, wherein the mammalian -
hematopoietic progenitor or stem cell is a human cell.

32. (withdrawn) Thetransduced cell of claim 31, wherein the vector further
comprises a region encoding a dihydrofolate reductase.

33. (withdrawn, currently amended) Thetransducedcell of claim 32, wherein the vector
further comprises a mouse PGK promoter, wherein the mouse PGK promoter controls the
expression ofthe region encoding a dihydroftate dihydrofolate reductase.

34. (withdrawn, currently amended) The transducedcell of claim 33, wherein the
dihydrofolate reductase is a human dihdrofolate dihydrofolate reductase.

35. (withdrawn) The transducedcell of claim 34, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductaseas a result of a set of mutations.
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36. (withdrawn) The transduced cell of claim 35, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

37. (withdrawn) The transducedcell of claim 30, wherein the dibydrofolate
reductase jis a human dihdrofolate reductase.

38. (withdrawn) The transduced cell of claim 30, wherein the globin gene encodes
human f-globin.

39. (withdrawn, currently amended) A method of making a therapeutic compositions for
treatment of henoglobinopathy in a mammalian individual, comprising the steps of preparing a
recombinantlentiviral vector comprising

(a) a region encoding a functional B-globin gene; and
, (b)=targe portions of the B-globin locus control region, which consist

essentially of an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a
1309 bp fragment of HS3 extending between HindIII and BamHI restriction sites and a 1069 bp
fragment of HS4 extending between BAMHI and BanI restriction sites-inetude-complete-DNase

EhypersensitivesitesHS2_HS3-and H54,, obtaining hematopoietic progenitor or stem cells from
the mammalian individual, and transducingthe cells with the recombinantvector.

40. (withdrawn) The methodofclaim 39, further comprising the step of performing
an ex vive selection using an antifolate.

41. (withdrawn) The methodof claim 39, wherein the globin gene encodes human
B-globin.

42. (canceled)

43. (currently amended) The vectorof claim #42_1, further comprising 2 GATA- 1
bindingsites at the junction between the HS3 and HS4 fragments.

44, (new) The vectorof claim 1, wherein the vectoris a lentiviral vector.

45. (new) A recombinant vector comprising:
(a) a region encoding a functional B-globin gene;
(b) portions of the B-globin locus control region, which include as three

separate fragments complete DNaseI hypersensitive sites HS2, HS3 and HS4, and —
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(c) two GATA-1! bindingsites at the junction between the HS3 and HS4
fragments, said vector providing expression of B-globin when introduced into a mammal &m vivo.

46. (new) The vector of claim 45, wherein the vector is a lentiviral vector.

47. (new) Thevectorof claim 45, wherein the vector is pTNS9.
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REMARKS/ARGUMENTS

This is in response to the Office Action mailed March 31, 2005 forthe above-captioned
application. Reconsideration and further examination are respectfully requested.

Applicants note that the Information Disclosure Statementsfiled in this case on October
8, 2002 and December 16, 2002 have not been returned with initials indicating consideration by
the Examiner. The October 8, 2002 Information Disclosure Statementis present in the Image
File Wrapperas reflected in Private PAIR. A further copy of the December 16, 2002 IDS, which
was filed electronically, together with the acknowledgmentreceiptis attached. No fee should be
due for this submission, since it was filed prior to the mailing ofthe first Official Action.
Consideration ofthe references from the two disclosure statements and return of an initialed copy
of the 1449 with the next paper are requested.

The Examinerindicated that a sequencelisting is required. Applicants have amended the
specification to identify sequence ID Nos. and have electronically filed a Sequence Listing
consistent with these numbers. A paper copy of the Sequence Listing is enclosed, and the
undersignedcertifies that this paper listing has the same content as the electronically filed
sequencelisting.

Claim 1 has been amendedto specify that the LCR portion of the vector consists
essentially of three restriction fragments, namely the 840 bp fragment of HS2 extending between
SnaBlIand BstXI restriction sites, the 1309 bp fragment of HS3 extending between HindIII and
BamHI restriction sites and the 1069 bp fragment of HS4 extending between BamHI and Banll
restriction sites. These fragments contain the complete HS2, HS3 and HS4 DNaseI
hypersensitive sites, respectively, and may appearin any order. In the Official Action, the
Examiner suggested that the claims be amended "to a lentiviral vector comprising essentially of
the 3.2 kb LCR whichconsists of" these fragments. Applicants believe that the language
adopted embodiesthis concept but more clearly describes the LCR portion of the vector. The
Examineralso suggested adding a limitation to a lentiviral vector. Applicants have added claim
44 with this limitation, but do not see whythis restriction is required to overcomethe art
rejections.

Claims 45 and 46 have been added and are drawn to a vector having complete HS2, HS3
and HS4sites, arranged in a contiguous fashion but each on a separate fragment, and having two
GATA-Ibindingsites inserted at the HS3/HS4 fragmentjunction. Nothingin the art cited by the
Examiner discloses such bindingsites (previously referenced in claim 42) and Applicants
therefore submit that these claims are also allowable overthecitedart.

Claim 47 has been addeddirected to the specific vector madein Example 1, pTNS9.
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As aresult of this amendment, three additional claims, and on additional independent
claim arepresented. Applicants enclose a credit card authorization for the additional claims fees.
The Commissioneris authorized to charge any additional fees or credit any overpayments to
Deposit Account No. 15-0610.

In view of the foregoing, Applicants submit that this application is in form for allowance.
Favorable reconsideration and allowanceare respectfully urged.

Respectfully submitted,

Ptaunat8rc?
: Marina T. Larson Ph.D.

. PTO Reg. No, 32,038
Attorney for Applicant
(970) 468-6600

Enclosures:

Copyof IDS filed 12/16/2002
Paper Sequence Listing
Credit Card Payment form
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SEQUENCE LISTING

<110> Sadelain, Michel
May, Chad
Bertino, Joseph
Rivella, Stefano

<120> vector Encoding Human Globin Gene and use Thereof in Treatment of
Hemoglobinopathies

<130> MSK.P-050

<140> US 10/188,222
<141> 2002-07-01

<150> US 60/301,861
<151> 2001-06-29

<150> US 60/302,852
<15i> 2001-07-02

<160> 4

<170> PatentIn version 3.3
<210> 1
<21l> 25

_ <212> -DNA
<213> human

<400> 1

gtctaagtga tgacagccgt acctg 25

<210> 2
<21l> 27
<212> DNA
<213> human

<400> 2

tcagcctaga gtgatgactc ctatctg 27

<210> 3
<211> 22
<212> DNA
<213> human

<400> 3

Cagtaacggc agacttctcc tc 22

<210> 4
<211> 23
<212> DNA
<213> mouse

<400> 4

tgatgtgtgt ttctggagtt gtg 23
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SUBMISSION TYPE: Information Disclosure Statement
APPLICATION NUMBER: 10188221
FIRST NAMED INVENTOR: Michel Sadelain
TITLE OF INVENTION: Vector encoding human globin gene and use thereof
in treatment of hemoglohinopathies

. ATTORNEY DOCKET NUMBER: MSK.P-050

FILE LISTING:

transmittal tranids.xml 4814 Bytes
us-information-disclosure-statement idsids.xml 2809 Bytes
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Vector encoding human globin gene
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hemoglobinopathies
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Applicant(s): Michel Sadelain
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Examiner:
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US Patent Documents .
Note: Applicant is not required to submit a paper copy of cited US Patent Documents
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

  
 
 
 
 

 

Applicant(s): Sadelain,et al.

Application No.: 10/188,221
Group Art Unit: 1632

Filed: 7/1/2002

Examiner: R. Shukla

Title: Vector Encoding Human Globin Gene
and Use Thereof in Treatment of

Hemoglobinopathies

Confirmation No: 9026

Attorney Docket No.: MSK.P-050

 Customer No.: 021121

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

AMENDMENT

DearSir:

In response to the Office Action of March 31, 2005, please amendthis application as
follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claimsare reflected in the listing of claims which begins on page3 ofthis
paper.

Remarks/Arguments begin on page4 of this paper.

I herebycertify that this paper and any attachments namedherein are transmitted to the United
States Patent and Trademark Office, Fax number: 703-872-9306 on June 30.2005 . 

 
L

rt. TP Opr Tune 30, 2005
Marina T. Larson, PTO Reg. No. 32,038 Date of Signature

07/13/2005 LWONDIN1 00000102 101882e1
Page 1 of 10

01 FCs2201 100.00 OP :
02 FCs2202 75.00 OF

Page 137 of 547



Page 138 of 547

87/13/2085 69:38 97646860184 OPPEDAHL AND LARSON PAGE 63/15

AppIn No.:  10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

Amendments to the Specification

Please amend the paragraph bridging Pages 7-8 as follows:

To investigate the tissue specificity, stage specificity and expression levelof the vector-
encoded human B-globin gene, we transduced RNSI and TNS9 into MELcells, lymphoid Jurkat
cells and myeloid HL-60 cells. Cell-free viral supernatant was used to infect C88 MEL cells in
the presence of polybrene (8 zg ml'). Transduced MEL cells were subcloned by limiting -
dilution, and screened by PCRfor transduction”using primersthat anneal in the human B-globin
promoter sequence (BPS, 5' -GTCTAAGTGATGACAGCCGTACCTG-3', Seq ID No.: 1) andin
HS2 (C2A, 3'- TCAGCCTAGAGT GATGACTCC TATCTG-3', Seq ID No.: 2). Vector copy
numberand integration site analysis was determined by Southern blot analysis’. Transduced
MEL cells were induced to maturation by 5-day culture in 5 mM N,N’- hexamethylene
bisacetamide (HMBA,Sigma).

Page 9, please amend thefirstfull paragraph after the titles in Example 3 as follows:

Total RNA was extracted from MEL, Jurkat and HL-60 cells, or mouse spleen and blood
using TRIzol. Quantitative primer extension assays were done using the Primer Extension
System-AMV Reverse Transcriptase kit (Promega) with [°*P] dATP end-labelled primers
specific for retroviral-derived human B-globin (5'-CAGTAACGGCAGACTTCTCCTC-3',,Seq
ID No.: 3) and mouse B-globin (5' -TGATGTCTGTITCTGGGGTT GTG-3',SeqIDNo.:4),
with predicted extension products of 90 bp and 53 bp, respectively. The probes yield products of
identical length for B™, B™", B* and B'. Primers were annealed to 4ug of RNA andreactions were
run according to manufacturer’s protocols. Radioactive bands were quantitated by
phosphorimager analysis (BioRad). RNAisolated from A85.68 mice” was used aspositive
control. After correction for primer labelling, the human to mouse RNAsignal was 29 + 1% per
gene copy in repeated experiments(n > 8), in agreement with previous findings based on RT-
PCR”. Values measured in bone marrow chimaeras that were obtained in separate runs were
standardized to the value obtained in the A85.68 RNA sample. In Figs. 2 and 3c, d, human B-
globin expression is expressed per vector copy and normalized to the endogenoustranscripts
(accounting for two endogenousalleles). In Fig. 3b, humantranscripts are reported as the
fraction of total B-globin RNA (Huf / HuB + Mu)to reflect absolute contribution of vector-
encodedtranscripts.
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Appln No.: 10/188,221
AmendmentDated: June 30, 2005

Reply to Office Action of March 31, 2005

Amendmentsto the Claims:

Thislisting of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (currently amended) A recombinant vector comprising:
(a) a region encodinga functional B-globin gene; and
(b) targe portions of the B-globin locus control region, which consist

essentially of an 840 bp fragment of HS2 extending between SnaBI and BstXI restrictionsites, a
1309 bp fragment of HS3 extending between HindIM and BamHI restriction sites anda 1069 bp
fragment of HS4 extending between BAMHI and BanI restriction sites-tnehide-completePNase
Phypersensitive-sttesS82,HS3andHS4, said vector providing expression of B-globin when
introduced into a mammalin vivo.

 

2. (previously presented) The vector of claim 1, further comprising a region encoding
a dihydrofolate reductase. .

3. (previously presented) The vector of claim 2, further comprising a mouse PGK
promoter, wherein the mouse PGK promoter controls the expression of the region encoding a
dihydrofolate reductase.

4. (previously presented) The vector of claim 3, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

5. (previously presented) The vector of claim 4, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

6. (previously presented) The vector of claim 5, wherein the set of mutations
comprises a mutation at an amino acid corresponding to aminoacid 22 of the wild-type sequence
and a mutation at an aminoacid corresponding to amino acid 31 of the wild type sequence.

7. (previously presented) The vector of claim 2, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

8. (previously presented) The vector of claim 7, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type

Page 3 of 10
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Appin No.: 10/188,221
Amendment Dated: June 30, 2005
Reply to Office Action of March 31, 2005

human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

9. (previously presented) The vector of claim 8, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

10. (previously presented) The vector of claim 1, wherein the functional globin gene
encodes human f-globin.

11. (previously presented) The vector of claim 10 further comprising a region
encoding a dihydrofolate reductase.

12. (previously presented) The vector of claim 11, further comprising a mouse PGK.
promoter, wherein the mouse PGK promotercontrols the expression of the region encoding a
dihydrofolate reductase.

13. (previously presented) The vector of claim 12, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

14, (previously presented) The vector of claim 13, wherein the human dihydrofolate
reductase is a mutant form havingincreased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

15. (previously presented) The vector of claim 14, wherein the set of mutations

comprises a mutation at an amino acid corresponding to aminoacid 22 of the wild-type sequence
and a mutation at an aminoacid corresponding to aminoacid 31 ofthe wild type sequence.

16. (previously presented) The vector of claim 11, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

17. (previously presented) The vector of claim 16, wherein the human dihydrofolate
reductase is a mutant form having increased resistanceto antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductaseas a result of a set of mutations.

18. (previously presented) Thevector of claim 17, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 ofthe wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.
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Appln No.: 10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

19. (withdrawn,currently amended) A methodfor treatment of hemoglobinopathy in a
mammalian individual suffering from a hemoglobinopathy comprising the steps of:

introducing to the mammalian individual a recombinant vector comprising:
(a) a region encoding a functional B-globin gene; and
(b) targe portions of the B-globin locus control] region, which consist

essentially of an 840 bp fragment of HS2 extending between SnaBI and BstX] restrictionsites, a
1309 bp fragment of HS3 extending between HindIII and BamHI restriction sites and a 1069 bp
fragment of HS4 extending between BAMHIand BanII restriction sitesinetrde-complete-DNase
PhypersensitivesitesHS2_HS3andHS4, said vector providing expression of B-globin when
introduced into a mammal in vivo; and

expressing the functional B-globin gene in the mammal, thereby providing a therapeutic
benefit to the mammalian individual.

20. (withdrawn) The method of claim 19, wherein the vector further comprises a
region encoding a dihydrofolate reductase.

21. (withdrawn, currently amended) The method of claim 20, wherein the vector further
comprises a mouse PGK promoter, wherein the mouse PGK promoter controls the expression of
the region encoding a dihydroftate dihydrofolate reductase.

22. (withdrawn, currently amended) The method of claim 21, wherein the dihydrofolate
reductase is a human dihdrefetate dihydrofolate reductase.

23. (withdrawn) The method of claim 22, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase asa result of a set of mutations.

24. (withdrawn) The method of claim 23, wherein the set of mutations comprises a
mutation at an amino acid corresponding to aminoacid 22 of the wild-type sequence and a
mutation at an amino acid corresponding to amino acid 31 ofthe wild type sequence.

25. (withdrawn) The method of claim 19, whereinthe step of introducing the
recombinant vector is performed by transforming hematopoietic progenitor cells or stem cells
with the recombinantvector ex vivo andthen restoring the transformedcells to the mammalian
individual.
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Appin No: 10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

26. (withdrawn) The method of claim 25, wherein the transformedcells are
subjected to a selection processto increase the percentage of transformedcells prior to restoring
the cells to the mammalian individual.

27. (withdrawn) The method of claim 26, wherein the vector further comprises a
region encoding a dihydrofolate reductase, and whereinthe selection process comptises exposure
of the cells to an antifolate,

28. (withdrawn) The methodof claim 27, wherein the antiifolate is methotrexate.

29. (withdrawn) The methodof claim 19, wherein the globin gene encodes human
B-globin.

30. (withdrawn) A mammalian hematopoietic progenitor or stem cell transduced
with a recombinant vector comprising:

(a) a region encoding a functional 6-globin gene; and
(b) large portions of the B-globin locus control regions, which include DNase

I hypersensitive sites HS2, HS3 and HS4, whereinsaid cells express the functional B-globin
gene.

31. (withdrawn) The transduced cell of claim 30, wherein the mammalian
hematopoietic progenitor or stem cell is a humancell.

32. (withdrawn) Thetransduced cell of claim 31, wherein the vectorfurther
comprises a region encoding a dihydrofolate reductase.

33. (withdrawn, currently amended) The transduced cell of claim 32, wherein the vector
further comprises a mouse PGK promoter, wherein the mouse PGK promotercontrols the
expression of the region encoding a dihydroftate dihydrofolate reductase.

34. (withdrawn, currently amended) Thetransducedcell of claim 33, wherein the
dihydrofolate reductase is a human dthdrofotate dihydrofolate reductase.

35. (withdrawn) Thetransducedcell of claim 34, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase asa result of a set of mutations.
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Appln No.: 10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

36. (withdrawn) Thetransducedcell of claim 35, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

37. (withdrawn) The transduced cell of claim 30, wherein the dihydrofolate
reductase is a human dihdrofolate reductase.

‘

38. (withdrawn) The transduced cell of claim 30, wherein the globin gene encodes
human B-globin.

39. (withdrawn, currently amended) A method of making a therapeutic compositions for
treatment of henoglobinopathy in a mammalianindividual, comprising the steps of preparing a
recombinantlentiviral vector comprising

(a) a region encoding a functional B-globin gene; and
. (b)—targe portionsof the B-globin locus control region, which consist

essentiallyof an 840 bp fragment of HS2 extending between SnaBI and BstXTrestriction sites, a
1309 bp fragment of HS3 extending between HindIII and BamHI restriction sites and a 1069 bp
fragment of HS4 extending between BAMHI and Bani restriction sites-inelide-compteteDNase
Prypersensitive-sitesHS2;HS3-and- HS4,, obtaining hematopoietic progenitor or stem cells from
the mammalian individual, and transducing the cells with the recombinant vector.

40. (withdrawn) The methodof claim 39, further comprising the step of performing
an ex vivo selection using an antifolate.

41. (withdrawn) The method of claim 39, wherein the globin gene encodes human
B-globin. ,

42. (canceled)

43. (currently amended) The vector of claim 442.1, further comprising 2GATA-I
binding sites at the junction between the HS3 and HS4 fragments.

44. (new) The vector of claim 1, wherein the vectoris a lentiviral vector.

45. (new) A recombinant vector comprising:
(a) a region encoding a functional B-globin gene;
(b) portions of the B-globin locus control region, which includeas three

separate fragments complete DNaseI hypersensitive sites HS2, HS3 and HS4, and

Page 7 of 10 .
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Appin No.: 10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

(c) two GATA-1 binding sites at the junction between the HS3 and HS4
fragments, said vector providing expression of B-globin when introduced into a mammalin vivo.

46. (new) The vector of claim 45, wherein the vector is a lentiviral vector.

47. (new) The vector of claim 45, wherein the vector is pTNS9.
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Appin No.: 10/188,221
Amendment Dated: June 30, 2005

Reply to Office Action of March 31, 2005

REMARKS/ARGUMENTS

This is in response to the Office Action mailed March 31, 2005 for the above-captioned
application. Reconsideration and further examination are respectfully requested.

Applicants note that the Information Disclosure Statements filed in this case on October
8, 2002 and December 16, 2002 have not been returned with initials indicating consideration by
the Examiner. The October 8, 2002 Information Disclosure Statement is present in the Image
File Wrapperas reflected in Private PAIR. A further copy of the December 16, 2002 IDS, which
was filed electronically, together with the acknowledgmentreceipt is attached. No fee should be
due for this submission, since it was filed prior to the mailing of the first Official Action.
Consideration of the references from the two disclosure statements and return ofaninitialed copy
of the 1449 with the next paper are requested.

The Examinerindicated that a sequencelisting is required. Applicants have amended the
specification to identify sequence ID Nos. and have electronically filed a Sequence Listing
consistent with these numbers. A paper copy of the Sequence Listing is enclosed, and the
undersigned certifies that this paper listing has the same contentas the electronically filed
sequencelisting.

Claim 1 has been amended to specify that the LCR portion of the vector consists
essentially of three restriction fragments, namely the 840 bp fragment of HS2 extending between
SnaBIand BstXIrestriction sites, the 1309 bp fragment of HS3 extending between HindIIl and
BamHI restriction sites and the 1069 bp fragment of HS4 extending between BamHI and Banli
restriction sites. These fragments contain the complete HS2, HS3 and HS4 DNase!
hypersensitive sites, respectively, and may appearin any order. In the Official Action, the
Examiner suggested that the claims be amended "to a lentiviral vector comprising essentially of
the 3.2 kb LCR which consists of" these fragments. Applicants believe that the language
adopted embodies this concept but moreclearly describes the LCR portion of the vector. The
Examineralso suggested adding a limitation to a lentiviral vector. Applicants have added claim
44 with this limitation, but do not see whythis restriction is required to overcomethe art
rejections.

Claims 45 and 46 have been added andare drawn to a vector having complete HS2, HS3
and HS4sites, arranged in a contiguous fashion but each on a separate fragment, and having two
GATA-I binding sites inserted at the HS3/HS4 fragmentjunction. Nothingin the art cited by the
Examiner discloses such binding sites (previously referenced in claim 42) and Applicants
therefore submit that these claimsare also allowable overthe cited art.

Claim 47 has been addeddirected to the specific vector madein Example 1, pTNS9.
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Appln No.: 10/188,221
AmendmentDated: June 30, 2005
Reply to Office Action of March 31, 2005

As a result of this amendment, three additional claims, and on additional independent
claim are presented. Applicants enclose a credit card authorization for the additional claimsfees.
The Commissioner is authorized to charge any additional fees or credit any overpaymentsto
Deposit Account No. 15-0610. ,

In view of the foregoing, Applicants submitthat this application is in form for allowance.
Favorable reconsideration and allowanceare respectfully urged.

Respectfully submitted,

Nannatof o~
Marina T. Larson Ph.D.

PTO Reg.No. 32,038
Attorney for Applicant
(970) 468-6600

Enclosures:

Copyof IDS filed 12/16/2002
Paper Sequence Listing
Credit Card Payment form
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SEQUENCE LISTING

<110> Sadelain, Michel
May, Chad
Bertino, Joseph
Rivella, Stefano

<120> vector Encoding Human Globin Gene and Use Thereof in Treatment of
Hemog1obinopathies

<130> MSK.P-050

<140> US 10/188. 221<141> 2002-07-01

<150> US 60/301,861<151> 2001-0

<150> US 60/302,852
<151> 2001-07-02

<160> 4

<170> PatentIn version 3.3

<210> Jd
<21l> 25
<212> DNA
<213> human

<400> 1

gtctaagtga tgacagccgt acctg

<210> 2
<211> 27
<212> DNA
<213> human

<400> 2

tcagcctaga gtgatgactc ctatctg

<210> 3
<2i1> 22
<212> DNA
<213> human

<400> 3

cagtaacggc agacttctce tc

<210> 4
<211> 23
<212> DNA
<213> mouse

<400> 4

tgatgtgtgt ttctggggtt gtg
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26
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29
31
32
35
36
37
38
40
41
44
45
46
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53
54
55
56
58
59

<130>
<140>
<141>
<150>
<151>
<150>
<151>
<160>
<170>
<210>
<211>
<212>
<213>
<400>

Page 1 of 3

ATTA
IFW16

RAW SEQUENCE LISTING DATE: 07/01/2005

PATENT APPLICATION: US/10/188,221 TIME: 13:57:48

Input Set : N:\efs\10188221efs\msk50us_ST25.txt
Output Set: N:\CRF4\07012005\J188221. raw

APPLICANT: Sadelain, Michel
May, Chad
Bertino, Joseph
Rivella, Stefano

TITLE OF-INVENTION: Vector Encoding Human Globin Gene and Use Thereof. in

Hemoglobinopathies
FILE REFERENCE: MSK.P-050

CURRENT APPLICATION NUMBER: US 10/188,221
CURRENT FILING DATE: 2002-07-01

PRIOR APPLICATION NUMBER: US 60/301,861
PRIOR FILING DATE: 2001-06-29

PRIOR APPLICATION NUMBER: US 60/302,852
PRIOR FILING DATE: 2001-07-02

NUMBER OF SEQ ID NOS: 4
SOFTWARE: PatentIn version 3.3
SEQ ID NO: 1
LENGTH: 25
TYPE: DNA
ORGANISM: human

SEQUENCE: 1

gtctaagtga tgacagccgt acctg 25
<210>
<211>
<212>
<213>

SEQ ID NO: 2
LENGTH: 27
TYPE: DNA
ORGANISM: human

<400> SEQUENCE: 2
tcagcectaga gtgatgactc
<210> SEQ ID NO: 3
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: human

<400> SEQUENCE: 3
cagtaacgge agacttctcc
<210> SEQ ID NO: 4
<211> LENGTH: 23
<212> TYPE: DNA
<213> ORGANISM: mouse

<400> SEQUENCE: 4

tgatgtgtgt ttctggggtt

 

ctatctg

te

gtg
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besidesthefiling of official correspondence by authorized partiesis strictly prohibited,
and subjectto a fine and/or imprisonment underapplicable law.

|, the undersigned, certify that | have viewed a display of document(s) being
electronically submitted to the United States Patent and Trademark Office, using either
the USPTOprovided style sheet or software, and that this is the document(s) | intend
for initiation or further prosecution of a patent application noted in the submission. This
document(s) will becomepart of the official electronic record at the USPTO.

Submitted by: Elec. Sign. Sign. Capacity

Marina Larson /marina/

Registered Number: 32038 Attorney
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8" Documents being submitted Files

us-bio-seq-trans eseq-usbios.xml

_ us-bio-seg-trans.dtd
us-bio-seq-trans.xs|

sequence-listing msk50us.ST25.txt 
 

 

 
Comments

This submission is madein partial response to the Official Action mailed March 31,
2005 for this application.
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 ee r AMINO ACID AND/OR NUCLEOTIDE SEQUENCELISTING SUBMISSION

Electronic Version v13

Stylesheet Version v01

 

This is a requestforfiling the electronic Computer Readable Form copy of a sequence
listing via the Electronic Filing System for a patent application under 37 CFR 1.821-
1.825 instead of via one of the physical media specified in 37 CFR 1.824(c).

This communication has an attachedfile which is an electronic copy of the amino acid
and/or nucleotide sequencelisting for the previously mentioned United States patent
application.

The electronic copy submitted herewith is the Computer Readable Form (CRF), as
required by 1.821(e).

Any applicable fees associated with the filing of the electronic copy have been paid.

This submission does not go beyond the disclosure of the application as originally filed
(i.e., contains no new matter). It may be in addition to an original CRF,filed to comply
with the sequence rules.

This submissionin electronic form comprises only the CRF of 37 CFR 1.821(e).|
acknowledgethat | am responsible for all additional requirements of amino acid and/or
nucleotide sequencelisting submissions as specified in 37 CFR 1.821 - 1.825.

This submission doesnot go beyond the disclosure of the application as originally filed
(i.e., contains no new matter), and/oris in addition to an original CRFfiled to comply
with the sequencerules. If not made to comply with an originally filed CRF,it is
identical to the sequences disclosed in the application as originally filed and/or the
papercopyof the sequencelisting as originally filed.

| hereby certify that this correspondenceis being transmitted to the United States
Patent and Trademark Office on the following date: 2005-06-30

Name: Marina Larson

Electronic Signature Mark: /marina/

Attachment description: msk50us.ST25.txt

Compression software used:
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SEQUENCE LISTING 
<110> Sadelain, Michel

May, Chad
Bertino, Joseph
Rivella, Stefano

<120> Vector Encoding Human Globin Gene and Use Thereof in Treatment of
Hemoglobinopathies

<130> MSK.P-050

<140> US 10/188,221
<141> 2002-07-01

<150> US 60/301,861
<151> 2001-06-29

<150> US 60/302,852
<151> 2001-07-02

<160> 4

<170> PatentIn version 3.3

<210> 1
<211> 25

'<212> DNA
<213> human

<400> 1

gtctaagtga tgacagccgt acctg

<210> 2
<211> 27
<212> DNA
<213> human

<400> 2

tcagcectaga gtgatgactc ctatctg

<210> 3
<211> 22
<212> DNA
<213> human

<400> 3

cagtaacgge agacttctcc tc

<210> 4
<211> 23

<212> DNA
<213> mouse

<400> 4

tgatgtgtgt ttctggggtt gtg
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. 1 0/ 168, 24
PTO/SB/06 (08-03)

7 Approvedfor use through 7/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB contro! number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875

CLAIMS AS FILED - PART| , OTHER THAN
(Column 4) (Column 2) SMALL ENTITY OR SMALL ENTITY

NUMBERFILED - NUMBER EXTRA

  
  
  
  

 

 

 
 

 

BASIC FEE
(37 CFR 1.16(a)) OR fs
TOTAL CLAIMS
(37 CFR 1.16{(c)} minus 20 = OR xX § =
INDEPENDENT CLAIMS
(37 CFR 1.16(b)) minus 3 = OR x$ =

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(d)) OR +5 =F|
* if the difference in column 1 is less than zero, enter “0” in column 2. OR TOTAL |

CLAIMS AS AMENDED- PART!I ‘

/ 0 OR OTHER THAN(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY

  
  

 
CLAIMS HIGHEST

  
  

 

 
 

  

 
 

  
  

    
  
    

<x REMAINING NUMBER PRESENT RATE
bE AFTER PREVIOUSLY EXTRA

aj AMENDMENT PAID FOR
Ss Total Y {/
oO (37 CFR 1,16(c)} Co) OR xX =

fice|oe[|eo |(37 CFR 1,16(b)) =OR X$ =
= —< FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.18(d)) OR +5 c |

TOTAL TOTAL
ADD’L FEE OR ADD'L FEE

(Column 1) (Column 2) (Column 3}
CLAIMS HIGHEST :

co REMAINING NUMBER PRESENT /  ADDI- RATE ADDI-
E AFTER PREVIOUSLY EXTRA TIONAL TIONAL

< AMENDMENT PAID FOR FEE
Ss Total
DL G7 err 1.18 OR XSF

pce|mm -|LL|37 CFR 1.16(b)) OR XS =
= ,
ft FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(d)) OR +5 =f|

TOTAL
OR ADD'L FEE

(Column 1) (Column 2) (Column 3) :
CLAIMS HIGHEST

oO REMAINING NUMBER PRESENT RATE ADDI-
E AFTER PREVIOUSLY EXTRA TIONAL

a AMENDMENT PAID FOR FEE
Z| ovomimn|Tm aDB L@ZcFR teen OR x =Z|Independent
WW|@7 cer 1.16) OR XSF
=
<x FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(d)) OR +3 - P|

TOTAL
OR AOD'L FEE

 
* If the entry in column1 is less than the entry in column 2,write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter “20”.

*** If the “Highest Number Previously Paid For" IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number foundin the appropriate box in column 1.

. This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public whichis to file (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending uponthe individual case. Any comments
on the amountoftime you require to complete this form and/or suggestions for reducing this burden, should be sentto the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

“LL .

 

If you needassistance in completing the form, call 1-800-PTO-9199 andselectoption 2.
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EFS !D:

Application ID:

Title of Invention:

First Named Inventor:

Domestic/Foreign Application:

Filing Date:

Effective Receipt Date:

Submission Type:

Filing Type:

Confirmation number:

Attorney Docket Number:

Total Fees Authorized:

Electronic Filing System (EFS) Data
Electronic Patent Application Submission

USPTO Use Only

87365

10188221

Vector encoding humanglobin
gene and usethereofin
treatment of

hemoglobinopathies

Michel Sadelain

Domestic Application

2002-07-01

2005-06-30

BIO SequenceFiling

{NLLNA

9026

MSK.P-050

Digital Certificate Holder: cn=Marina T. Larson,ou=Registered Attorneys,ou=Patent and Trademark
Office,ou=Department of Commerce,o=U.S. Government,c=US

Certificate Message Digest: 6cb683a4ab0469c6e02 7d7c3cb3f8648047ddea6

Adjustment date: 09/15/200771572605 LYONDIML 00000302 Sitioet
Fosce01 ~100.00 OP

02 FCs2202 -75.00 OP

Refund Ref:
09/15/2005 0030025427

Credit Card Refund Total: $175.00

fim Exp..: XXXXXXXXXXX6019
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  ST TRANSMITTAL
Electronic Version v1.1

Stylesheet Version v1.1.0

Title of ‘|| Vector encoding human globin gene and usethereofin treatment of
Invention hemoglobinopathies

Application Number: 10/188221 YAREDETNA OESCNAT
Date: 2002-07-01

First Named Applicant: Michel Sadelain

Confirmation Number: 9026

Attorney Docket Number: MSK.P-050

| hereby certify that the use of this system is for OFFICIAL correspondence between
patent applicants or their representatives and the USPTO. Fraudulent or other use
besidesthefiling of official correspondenceby authorized partiesis strictly prohibited,
and subject to a fine and/or imprisonment under applicable law.

|, the undersigned, certify that | have viewed a display of document(s) being
electronically submitted to the United States Patent and Trademark Office, using either
the USPTO provided style sheet or software, and thatthis is the document(s) | intend
forinitiation or further prosecution of a patent application noted in the submission. This
document(s) will becomepart of the official electronic record at the USPTO.

Submitted by: Sign. Capacity

Marina Larson

Registered Number: 32038 Attorney
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 | Documents being submitted Files .
us-bio-seq-trans eseq-usbios.xml

_ us-bio-seq-trans.dtd
us-bio-seq-trans.xsl

sequence-listing msk50us.ST25.txt

Comments

This submission is made in partial response to the Official Action mailed March 31,
2005forthis application. .  
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‘ Attorney Docket MSK.P050Feteeal U.S. PATENT APPLICATIONHie PATENT & Trewin? ,USPe AFFICE ]
IN THE UNITED STATES PATENT AND TRADBMARK OFFICE

Applicant: Sadelain, et al.
Serial No: 10/188,221
Filing Date: 07/01/2002

Title: Vector Encoding Human Globin Gene and Use Thereofin Treatment
OfHemoglobinopathies

REQUEST FOR REFUND

Via Facsimile

Director of U.S, Patent & Trademark Office
P.O. Box 1450 ,

Alexandria, VA 22313

Attn: Refunds
fax: 7BEPSIE_ osco.
Sir:

Attachedhereto is a copy ofa page from our American Express statement showing two
identical charges of $175.00 for the above-referenced application, one on July 1, 2005 and the
other on July 13, 2005, The charge of $175.00 was the govermment fee for an amendmentfiled
on June 30, 2005. On July 13" we were asked by Michelle Terrell with the USPTOto re-fax the
amendment that was faxed over on June 30, 2005. Oneofour assistants re-faxed the document
on July 13", priorto finding out that Marina Larson, attomey for this application, had already re-
faxed it on June 30", 2005. We then called and found out from Michelle that what had been sent
on July 13" had already been processed. Since we have been charged twice for filing the
amendment, we are requesting a refund of theG{i75.00charged to our American Express account
on July 13%, 2005,

Respectfully submitted,

OPPEDAHL & LARSONLif
ran Qs fas
MarinaT. Larson, PLD.
Reg. No. 32,038
P.O, Box 5068

Dillon, CO 80435-5068
970-468-6600

Enclosure

PAGE1/2” ROVD AT 7/20/2005 1:13:12 PM [Eastern Daylight Time] * 6VR:USPTO-EFXAF-6/25* DNIS:2736500 * CSITI:9704680104 * DURATION «mm-ss):00-54
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(PILE 'HOME' ENTERED AT 06:07:46 ON 02 OCT 2005)

FILE 'MEDLINE, CAPLUS, SCISEARCH' ENTERED AT 06:08:01 ON 02 OCT 2005
Ll 2118 S GLOBIN AND (LCR OR LOCUS (A) CONTROL (A) REGION)
L2 17 S Ll AND (SADELIN?/AI OR RIVELLA?/AU OR MAY?/AU OR BERTINO?/AU)
L3 11 DUP REM L2 (6 DUPLICATES REMOVED)

FILE 'STNGUIDE' ENTERED AT 06:14:20 ON 02 OCT 2005

FILE 'MEDLINE, CAPLUS, SCISEARCH' ENTERED AT 06:16:16 ON 02 OCT 2005
L4 17 S Ll AND (SADELAIN?/AI OR RIVELLA?/AU OR MAY?/AU OR BERTINO?/AU ©
‘LS 21 S Li AND (SADELAIN?/AU )
Lé6 21 S$ L5 AND Lil
L7 0 S L6é AND VETOR
L8 18 S$ L6 AND VECTOR
L9 12 DUP REM L8 (6 DUPLICATES REMOVED)
L10 5 S L9 NOT L3

FILE 'STNGUIDE' ENTERED AT 06:17:54 ON 02 OCT 2005

FILE 'MEDLINE, CAPLUS, SCISEARCH' ENTERED AT 06:22:01 ON 02 OCT 2005

=> s globin and hs2 and hs3 and hs4
Lil 90 GLOBIN AND HS2 AND HS3 AND HS4

=> Ss globin and hs2 (s) hs3 (s) hs3
L12 148 GLOBIN AND HS2 (S) HS3- (S) HS3

=> $s globin and hs2 (s) hs3 (s) hs4
L13 66 GLOBIN AND HS2 (S) HS3 (S) HS4

=> s globin and hs2 (s) hs3 (s) hs4 (s) vector
L14 6 GLOBIN AND HS2 (S) HS3 (S) HS4 (S) VECTOR

=> s globin and hs2 (s) hs3 (s) hs4 (s) plasmid
L15 Q GLOBIN AND HS2 (S) HS3 (S) HS4 (S) PLASMID .-

=> dup rem 114
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Search Query elas Plurals|Time Stampperator  

11 and globin US-PGPUB; 2005/10/02 06:35
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

TD

1 and globin and (LCRor locus US-PGPUB; 2005/10/02 06:37
adj control adj region) and HS2 USPAT;
same hs3 same hs4 EPO; JPO;

DERWENT;
IBM_TDB

10/188221 and functional . 2005/09/30 14:00

$3 and globin.clm. 2005/09/30 14:02
USPAT;
EPO; JPO;
DERWENT;

    
Search History 10/2/05 6:38:56 AM Pagel
C:\Documents and Settings\mmarvich\My Documents\EAST\Workspaces\10188221.wsp
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US-PGPUB;|OR OFF 2005/09/30 14:03
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

globin and hemoglobinopathy 
 
 

 

     

  
 

globin same(icr or locus adj OR OFF 2005/09/30 14:03
control adj region)

  
  
 

 US-PGPUB;
USPAT;
EPO; JPO;

_ DERWENT;

globin same(Icr or locus adj 2005/09/30 14:10
control adj region) adj20 (hs2
adj10 hs3 adj10 hs4)

 

 
 

 

 

(lentivirus or lentiviral) and globin OR OFF 2005/09/30 14:10

 
 US-PGPUB;

USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

10/298491: OR OFF 2005/09/30 14:32

 

Search History 10/2/05 6:38:56AM Page2 -
C:\Documents and Settings\mmarvich\My Documents\EAST\Workspaces\10188221.wsp
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS P.O. Box 1450

Alexandria, Virginia 22313-1450WWw.uspto.gov

10/188,221 07/01/2002 MichelSadelain MSK.P-050 9026

OPPEDAHL AND LARSON LLP MARVICH, MARIA
P O BOX 5068 ‘

DILLON, CO 80435-5068
: 1633

DATE MAILED:10/04/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)

 10/188,221 SADELAIN ET AL.

Office Action Summary Examiner Art Unit ,Maria B. Marvich, PhD wo
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY(30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHSfrom the mailing date of this communication.

- INO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Anyreply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).
Status

1) Responsive to communication(s)filed on 30 June 2005.
2a)L] This action is FINAL. 2b)B This action is non-final.
3)L) Since this applicationis in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X) Claim(s) 1-41 and 43-47 is/are pending in the application.
4a) Of the aboveclaim(s) 19-47 is/are withdrawn from consideration.
 

5)L] Claim(s) is/are allowed.
6)X] Claim(s) 1-18 and 43-47 is/are rejected.
7) Claim(s)____ is/are objected to.
8)_] Claim(s)___ are subject to restriction and/or election requirement.

Application Papers

9)L] The specification is objected to by the Examiner.
10) The drawing(s)filed on is/are: a)[_] accepted or b)L] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)(J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis made of a claim for.foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a) At b)L Some * c)L None of:

1.0] Certified copies of the priority documents have beenreceived.
2.0] Certified copiesof the priority documents have been received in Application No.
3.0] Copiesofthe certified copies of the priority documents have beenreceived in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

 
Attachment(s)

1) LJ Notice of References Cited (PTO-892) 4) C7 interview Summary (PTO-413)
2) (J Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) EX] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) LJ Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 6/30/05. 6) O Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 905
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Application/Control Number: 10/188,221 Page 2
Art Unit: 1633

DETAILED ACTION

This office.action is in response to an amendmentfiled 6/30/05. An IDSfiled 6/30/05

has been received. The documents have been considered and the signed elDS accompaniesthis

office action. Claim 42 has been cancelled. Claims 1, 19, 21, 22, 33, 34 and 43 have been

amended. Claims 44-47 have been added. Claims 1-41 and 43-47 are pending in this application.
Claims 19-41 have been withdrawn. Therefore, claims 1-18 and 43-47 are under examination in

the application.

Response to Amendment

Any rejection of record in the previous action not addressedin this office action is

withdrawn. There are new grounds ofrejection herein that were not necessitated by applicants

amendmentand therefore, this action is not final.

Specification

The disclosure is objected to because of the following informalities: on page 4, line 6,

the phrase “which confirms showed highly” is grammatically incorrect. On page6, line 12, the

phrase “selection to tool to enhance” is grammatically incorrect. On page 6,line 19, “usedin”

requires a space between “used” and “in” andin line 23, the word “genes” should be singular.

On page 14, line 8, “then” is misspelled as “ten”. On page 15, line 4 “term”is misspelled as

“trem”, in line 12, “descreasein” requires a space between “decrease” and “in”, line 20,

“matched” is misspelled as “mateched”, in line 21, “chimeras” is misspelled as “chimeraas” and

in line 26, “levelsmeasured” requires a space between the words“levels” and “measured”and in

Page 168 of 547



Page 169 of 547

Application/Contro! Number: 10/188,221 Page 3

Art Unit: 1633 -

line 29, “modelof’ requires a space between the words “model” and “of’. On page 16, line 3,

“spleen” is misspelled as “slpeen” andin line 19,“studied” is misspelled as “stuied”.

Claim Rejections - 35 USC § 112

The following is a quotation ofthe first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of making
and usingit, in such full, clear, concise, and exact termsas to enable any person skilled in the art to whichit
pertains, or with which it is most nearly connected, to make and use the sameandshallset forth the best mode
contemplated by the inventorof carrying out his invention.

Claims 1-18 and 43-47 are rejected under 35 USC 112, Ist paragraph, as failing to comply

with the written description requirement. The claims contains subject matter not described in the

specification in such a wayas to reasonably conveyto oneskilled in the relevant art that the

inventors, at the time the application was filed, had possession of the claimed invention.

Applicants recite a genus of recombinant vectors comprising mutant humandihydrofolate

reductase (DHFR) that has increased resistance to antifolate as compared to wild-type DHFR.

The written description requirement for genus claims maybesatisfied through sufficient

description of a representative numberof species by actual reduction to practice, reduction to

drawings, or by disclosure of relevant identifying characteristics, i.e. structure or other physical

and/or chemical properties, by functional characteristics coupled with knownor disclosed

correlations between function and structure, or by a combination of such characteristics

sufficient to show that the applicant was in possessionof the claimed genus.

Applicants recite a recombinant vector comprising a region encoding a functionalb-

globin gene. The specification teachesthat the term “functional globin gene”includes both

exons and introns, as well as globin promoters and splices donors/acceptors and can be
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expressed. Specifically, The specification discloses two recombinantlentiviral vectors, TNS9

and dTNS9-PD. TNS9 vector incorporates —618 to +2484 of the human B-globin gene. This

encompasses the coding sequence and an extended portion of the promoter and enhancer region.

dTNS9-PD comprises a deletion in the LTR and includes a PGK promoter form the murine

phosphoglycerate kinase 1 gene and a mutant DHFRregion with a mutation at amino acid 22.

The specification also teaches that the B-globin gene coding sequence can be replaced with

fragments of gammaglobin, alpha globin. Each of the fragments encompasses Metto the

polyadenylation sequence, whichessentially are the coding sequences of the alpha and gamma

genes. Other than the B-globin gene from position -618 to +2484 that includes an extended

promoter and 3’ enhancer element, applicants do not disclose the genomic sequence of

“functional globin genes” that can be used in the recombinant vector for expression of B-globin

when introduced into a mammalin vivo. However, there is no reference sequence provided in

the specification or the claims. Furthermore,all of the componentsof the gene as regulation

sequences, introns, and exons must be determined empirically in order to generate the

recombinant vector for expression in vivo in mammals. Furthermore,it is unclear what

componentsare required such thatit is “functional”. Applicants claim the gene without any

disclosure aboutits structure. Given that applicants recite any functional B-globin gene but

disclose only -618 to +2484 of the human B-globin gene for which no reference sequenceis

provided, given that the genomic structures of any B-globin gene suchthatis “functional” are

unknown,it is concluded that the invention must be empirically determined. In an unpredictable

art, the disclosure of one species would notrepresent to the skilled artisan a representative

numberof species sufficient to show applicants were in possession of claimed genus.
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In the instant case, applicants recite that the vector also comprises DHFRasaselection

marker. Specifically in dependent claims 5, 8, 14 and 17, applicants claim a genus of DHFR

mutant forms that comprise mutations that increase the capacity of the DHFR to confer

resistance to drugs. Applicants recite a single mutant form that comprises a mutation at an

amino acid corresponding to amino acid 22 of the wild-type sequence. However,there is no

reference sequence provided in the specification or the claims. Rather, the specification

discloses that double and single mutants of DHFR with mutations at amino acids 22 and 31 are

described in commonly owned WO document 97/33988. Both the specification and WO

97/33988 teach that the reference sequence is human DHFR. Asto the genus of DHFR mutants,

the specification and prior art teach DHFR with mutations at amino acids 22 and 31. However,

the structural requirements of these mutants are not provided. Asto the functional requirements,

the prior art teaches that the effect of the DHFR mutantsis due to an increase in the rate of

methotrexate dissociation. However, neither the prior art nor the specification teach that any

other amino acids are capable of mediating the same effect. Given the large size and diverse

nature of h DHFRproteins with mutations and the inability to determine which will also possess

the ability to confer increased resistance to drugs, it is concluded that the invention must be

empirically determined. In an unpredictableart, the disclosure of two species would not

representto the skilled artisan a representative numberof species sufficient to show applicants

were in possession of claimed genus. |
| Cenclusion

Claims 1-18 and 43-47 are rejected.
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Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Maria B. Marvich, PhD whose telephone numberis (571)-272-

0774. The examiner can normally be reached on M-F (6:30-3:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, David Nguyen, PhD can be reached on (571)-272-0731. The fax phone numberfor

the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIRorPublic PAIR. Status information for unpublished
applicationsis available through Private PAIR only. For more information about the PAIR
system,see http://pair-direct.uspto.gov. Should you have questions on accessto the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Maria B Marvich, PhD
Examiner

Art Unit 1633

"JAMES KETTER
PRIMARY EXAMINER

V PD gees 7,

September 14, 2005
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AMENDMENT

DearSir:

In response to the Office Action of October4, 2005, please amendthis application as
follows:

Amendmentto the Specification begin on Page 2.

Amendments to the Claimsare reflectedin the listing of claims which begins on page 5 ofthis
paper.

Remarks/Arguments begin on page 11 of this paper.
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Amendments to the Specification

Page 3, amend the paragraph starting on line 5 as follows:   

Fig. 4 shows the average vector copy numberin peripheral blood cells, measured
periodically for 24 weeks, which confirms showed highly efficient gene transferin cells
transduced with the vectorof the invention.

Page 6, amend the paragraphs startingonline 4 as follows:
 

Fig. 2 showsthe genomic structure of specific vector within the scopeofthe
invention. The vector includes a deleted LTR, from -456 to -9 of HIV LTR and the PGK

promoter (530 bp) from the murine phosphoglycerate kinase | gene. It also includes a DHFR-
encoding region encoding human DHFRwith s/f mutation at amino acid 22. The locus control
region and the B-globin region are the same as in TSN9. This vectoris designated dTNS9-PD.
This incorporation of DHFRinto this vector provides transformed cells with a methotrexate-
resistant phenotype. Asa result, methotrexate, and otherantifolates can be used, both in
vitro and invivoas a selection tetest tool to enhance levels of the functional hemoglobin. When
hematopoietic stemcells were transformed using dTNS9-PD and reintroduced to mice that were
then treated with NMBPR-P(0.5 mg/dose) and TMTX(0.5 mg dose) forfive days, observed
levels of expressed human $-globin were muchhigher in mice transduced with dTNS9-PD
vectors after treatment with TMTX and NMBPR-Pforselection of transducedcells.

The vectors of the invention are used in therapy for treatment of individuals
suffering from hemoglobinopathies. In one embodimentof the invention, hematopoietic
progenitor or stem cells are transformed ex vivo and then restored to the patient. As trsedim used
in the specification and claimshereof, the term “hematopoietic progenitor sand stem cells”
encompasses hematopoietic cells and non-hematopoietic stem cells, e.g., embryonic stemcells,
hematopoietic stem cell precursors, or anyof the latter generated by nuclear transfer from a
somatic cell. It is knowin the art that efficient gene genes transfer into human embryonic stem
cells can be achieved using lentiviral vectors.

Page 15, amend the paragraphs beginningat line 3 as follows:

The stability of TNS9-encoded “ expressiondetected in peripheral blood suggestedthat
tong-trem long-term hematologic and systemic therapeutic benefits could be obtained. To
investigate whether Hbb™ production would suffice to teart treat the anemia, we closely
monitored hemoglobin parameters over 40 weeks. The marked increase in hemoglobin
concentration, RBC counts, and hematocrit was sustained throughout this time period. Control
mice that received transplants of eGFP-transduced Hbb"* bone marrow cells remained severely

Page 2 of 13
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anemic, indicating that the transplantation procedure itself did not alter the anemic state. The
reticulocyte counts decreased to 5% to 8% in TNS9 treated-chimeras, compared to 19%to 21%
in contro] eGFP-treated Hbb"”* chimeras and age-matched Hbb""** mice, suggesting an increase
in RBC life span and a deereasetn decrease in erythropoictic activity.

Example 9

To determine the impact of sustained human -globin gene expression on hematopoiesis,
westudicd the degree of splenomegaly (enlargementofthe spleen) and EMH in |-year-old
chimeras and age=mateched age-matched control mice. Spleen weights measured in Tns9-treated
Hbb"** ehimeraas chimeras were indistinguishable from recipients of eGFP-transduced normal
bone marrow,as were the total numberof cells per spleen. In contrast, mice engrafted with
eGFP-transduced Hbb"** bone marrow cells showed spleen weights and total cell numbersthat
were about 3-fold greater. The correction of spleen weight in TNS9 bone marrowchimeras
correspondedto a concomitant normalization in total hematopoietic progenitorcell content.
Spleen CFU-Es, BFUEs, andCFUs-GM were reduced to tevetsmeastired levels measured in

recipients of eGFP-transduced Hbb""* bone marrow, whereas they remained elevated in control
chimeras engrafted with eGFP-trasduced Hbb"* bone marrowcells and in age-matched Hbb'"’*

eu)
mice, as previously observed in another murine modetof model of -thalassemis

Page 15, amend the paragraphsstarting on line 1 as follows:

The regression of EMH was corroborated by morphologic examination of spleen and liver
in long-term chimeras and age-match controls. Histopathology of spleens of mice that received
transplants of eGFP-tranduced Hbb"* marrow wasvirtually identical to that of stpeen spleen
from control Hbb"”* mice. Specifically, the red pulp was significantly expanded, accounting for
80% to 90% of the cross-sectional area, and densely occupied by nucleated erythroid precursors.
The white pulp, based on cross-sectional area, wsa was relatively decreased and the marginal
zones were obscured by the large numberof nucleated RBCs, reflecting major expansion ofthe
red pulp and erythroid precursors. In TNS9-treated chimeras, the amount ofred pulp was
considerably decreased, accounting for olny about 50% to 60% ofthe cross-sectional area. In
addition, the numberof nucleated erythroid precursors in the red pulp was decreased. Other
immature hematopoietic cells were present in the red pulp, but much less frequently than in the
spleens of control Hbb"* thalassemic mice. The livers from TNS9-treated chimeras were similar
to those of the normal control mice in that no EMH wasdetected. In contrast, livers from mice
engrafted with cGFP-trasduced Hbb""*”* bone marrow cells showedseral small foci of
intrasinusoidal EMH.

Page 3 of 13
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Example 10

Toxic tron accumulation in the organs of thalassemic patients is a consequence of RBC
destruction and increased gastrointestinal iron uptake. To determine whethersustained
expression from the TNS9 vector reduced iron overload, we sttred studied tissue sections ofliver

and heart, stained using Gomori iron stain. No iron deposition was seen in the livers of normal
Hbb** control mice, whereas Hbb"’* mice showedvariable amountsofiron, including some
large aggregates. TNS9-trasduced treated chimeras demonstrated low to undetectable levels of
ironin the livers, whereas iron was readily detected in the livers of all mice that received
transplants of eGFP-transduced Hbb"™* bone marrowcells. No iron accumulation was foundin
the heart of treated or control mice, as previously observed in another murine model of -
thalassemia,” in contrast to what is found in the human disease. '°
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Amendmentsto the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (currently amended) A recombinant vector comprising:
(a) a region comprising eneoding a functional globin f-gtobin gene; and
(b) portions of the -globin locus control region, which consist essentially of

an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a 1309 bp
fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069 bp fragment
of HS4 extending between BAMHIand BanII restriction sites, said vector providing expression
of—~gtobin globin when introduced into a mammalin vivo.

2. (previously presented) The vectorof claim 1, further comprising a region encoding
a dihydrofolate reductase.

3. (previously presented) The vectorof claim 2, further comprising a mouse PGK
promoter, wherein the mouse PGK promotercontrols the expression ofthe region encoding a
dihydrofolate reductase.

4. (previously presented) The vector of claim 3, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

5. (previously presented) The vector of claim 4, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

6. (previously presented) The vector of claim 5, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

7. (previously presented) The vector of claim 2, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

8. (previously presented) The vector of claim 7, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence {rom wild-
type human dihydrofolate reductase as a result of a set of mutations.
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9. (previously presented) The vector of claim 8, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

10. (previously presented)|The vector of claim 1, wherein the functional globin gene
encodes human -globin.

11. (previously presented) The vector of claim 10 further comprising a region
encoding a dihydrofolate reductase.

12. (previously presented)—The vector of claim 11, further comprising a mouse PGK
promoter, wherein the mouse PGK promotercontrols the expression ofthe region encoding a
dihydrofolate reductase.

13. (previously presented) The vector of claim 12, wherein the dihydrofolate reductase
1s a human dihydrofolate reductase.

14. (previously presented) The vector of claim 13, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

15. (previously presented)|The vector of claim 14, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

16. (previously presented)=The vector of claim 11, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

17. (previously presented) The vector of claim 16, wherein the humandihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

18. (previously presented) The vector of claim 17, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence,

19. (withdrawn, currently amended) A methodfor treatment of hemoglobinopathy in a
mammalian individual suffering from a hemoglobinopathy comprising the stepsof:

Page 6 of 13
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introducing to the mammalian individual a recombinant vector comprising:
(a) a region comprising emeodmre-a functional globin —gtebm gene; and
(b) portions of the -globin locus control region, which consist essentially of

an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a 1309 bp
fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069 bp fragment
of HS4 extending between BAMHI and BanlIIrestriction sites, said vector providing expression
of ~gtebin globin when introduced into a mammal fn vivo; and

expressing the functional ~gtobin globin gene in the mammal, thereby providing a
therapeutic benefit to the mammalian individual.

20. (withdrawn) The method of claim 19, wherein the vector further comprises a
region encoding a dihydrofolate reductase.

21, (withdrawn) The method of claim 20, wherein the vector further comprises a

mouse PGK promoter, wherein the mouse PGK promoter controls the expression ofthe region
encoding a dihydrofolate reductase.

22. (withdrawn) The method of claim 21, wherein the dihydrofolate reductase 1s a
human dihydrofolate reductase.

23. (withdrawn) The method of claim 22, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

24. (withdrawn) The method of claim 23, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a
mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

25. (withdrawn) The method of claim 19, wherein the step of introducing the
recombinant vector is performed by transforming hematopoietic progenitor cells or stem cells
with the recombinant vector ex vivo and then restoring the transformed cells to the mammalian
individual.

26. (withdrawn) The method of claim 25, wherein the transformed cells arc

subjected to a selection process to increase the percentage of transformed cells prior to restoring
the cells to the mammalian individual.
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27. (withdrawn) The method of claim 26, wherein the vector further comprises a
region encoding a dihydrofolate reductase, and whercin the selection process comprises exposure
ofthe cells to an antifolate,

28. (withdrawn) The method of claim 27, wherein the antiifolate is methotrexate.

29, (withdrawn) The method of claim 19, wherein the globin gene encodes human
-globin.

30. (withdrawn, currently amended) A mammalian hematopoictic progenitoror stem cell
transduced with a recombinant vector comprising:

(a) a region comprising eneodirg-a functional ~=gtebin globin gene; and
(b) targe portions of the -globin locus control region, which consist

essentiallyof an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a
1309 bp fragment of HS3 extending between HindH[ and BamHIrestriction sites and a 1069 bp
fragment of HS4 extending between BAMHIand BanIIrestriction sitesmettde-compteteBNase
Hrypersensitrve-sitesHS2_HS3-amc 54, whercin said cells express the functional ~gtebin
globin gene.

 

31. (withdrawn) The transduced cell of claim 30, wherein the mammalian

hematopoietic progenitor or stem cell is a humancell.

32. (withdrawn) The transduced cell of claim 31, wherein the vector further

comprises a region encoding a dihydrofolate reductase.

33. (withdrawn) The transduced cell of claim 32, wherein the vector further

comprises a mouse PGK promoter, wherein the mouse PGK promotercontrols the expression of
the region encoding a dihydrofolate reductase.

34, (withdrawn) The transduced cell of claim 33, wherein the dihydrofolate
reductase is a human dihydrofolate reductase.

35. (withdrawn) The transduced cell of claim 34, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.
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36. (withdrawn) The transducedcell of claim 35, wherein the set of mutations

comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 ofthe wild type sequence.

37. (withdrawn) The transduced cell of claim 30, wherein the dihydrofolate
reductase is a human dihdrofolate reductase.

38. (withdrawn) The transduced cell of claim 30, wherein the globin gene encodes
human -globin.

39. (withdrawn, currently amended) A method of making a therapeutic composition
composttroms for treatment of henoglobinopathy in a mammalian individual, comprising the steps
of preparing a recombinantlentiviral vector comprising

(a) a region comprising eneedirg a functional ~gtebtr globin gene; and
(b) portions of the -globin Jocus control region, which consist essentially of

an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a 1309 bp
fragment of HS3 extending between HindIII] and BamHIrestriction sites and a 1069 bp fragment
of HS4 extending between BAMHIand Banllrestriction sites, obtaining hematopoietic
progenitoror stem cells from the mammalian individual, and transducing the cells with the
recombinantvector.

40. (withdrawn) The method of claim 39, further comprising the step of performing
an ex vivo selection using an antifolate.

41. (withdrawn) The method of claim 39, wherein the globin gene encodes human
-globin.

42. (canceled)

43. (previously presented) The vector of cluim 1, further comprising 2 GATA-1
binding sites at the junction between the HS3 and HS4 fragments.

44. (previously presented) The vector of claim |, wherein the vectoris a lentiviral
vector.

45. (currently amended) A recombinant vector comprising:
(a) a region comprising ereodmg a functional ~gtebm globin gene;
(b) portions of the -globin locus control region, which include as three

separate fragments complete DNase I hypersensitive sites HS2, HS3 and HS4, and
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(c) two GATA-| bindingsites at the junction between the HS3 and HS4
fragments, said vector providing expression of —~gtebtn globin when introduced into a mammal
In vivo.

46. (previously presented) The vector of claim 45, wherein the vectoris alentiviral
vector.

47. (previously presented)—The vectorof claim 45, wherein the vector is pTNS9.
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REMARKS/ARGUMENTS

This is in response to the Office Action mailed October 4, 2005 for the above-captioned
application. Reconsideration and further examination are respectfully requested.

Applicants again note that the Information Disclosure Statementfiled in this case on
October 8, 2002 has not been returned with initials indicating consideration by the Examiner.
The October 8, 2002 Information Disclosure Statement is present in the Image File Wrapperas
reflected in Private PAIR. Consideration of the references from the disclosure statement and

retum of an iniuialed copy of the 1449 with the next paperare requested.

Applicants have amendedthe specification to correct the typographical errors noted by
the Examiner. In addition, withdrawn claim 30 has been amended to conform to the previous
amendmentof claim | so that it can be recombined with claim | should withdrawal ofthe

restriction requirement be considered appropriate upon allowance of the elected claims.

Applicants have also amended the independentclaimsto refer to "globin" as opposed to
"B-globin.” This language is consistent with the language in the claimsas originally filed. At
some point, the B was inserted in the claims in error, and no amendmentto the claims was noted.

The Examinerhas rejected claims 1-18 and 43-47 under 35 USC § 112, first paragraph,
as lacking a written description. The focus of the rejection is on the reference to mutant human
dihydrofolate reductase, and the reference to a functional globin gene. Asafirst matter,
Applicants have amendedto claimsto refer to a region comprising a functional globin gene.
rather than encoding.

The Examinerhasrejected the claims for lack of written description based on the number
of examples in the specification for the individual components of the claimed invention. Based
on the recently decided case of Capon v Eshhar, 76 USPQ2d 1078 (Fed. Cir. 2005), Applicants
submit that this rejection is in error

Caponis based on an interference proceeding in which both parties claimed chimeric
genes comprising a gene segment encodinga single-chain (scFv) antibody, and a second gene
encoding a cytoplasmic signaling domain. Expression of a chimeric gene resulted in cells that
expressed a cell surface marker that producedcell signaling in response to binding ofan antigen
to the scFV antibody. The Board of Patent and Appeals and Interferences had held that both
specifications were lacking in written description because of a limited number of examples, and
the absence of a complete sequenceof at least one chimeric gene within the scope ofthe claims.
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AppIn No.:  10/188,221
Amendment Dated: February 6, 2006
Reply to Office Action of October 4, 2005

In vacating and remandingthe holding of the Board of Appeals, the Federal Circuit
observed:

The “written description” requirement must be applied in the context ofthe
particular invention and the state of the knowledge. The Board’s rule that the
nucleotide sequencesof the chimeric genes must befully presented, although the
nucleotide sequences of the component DNAare known,is an inappropriate
generalization. Whenthe priorart includes the nucleotide information, precedent
does notset a per se rule that the information must be determined afresh.

76 USPQ2d at 1084-5. In the present case, the “particular invention"is not the sequence of
globin genesthat produce functional proteins, and it is not the sequence of mutants of DHFR. As
in Capon, the "particular invention” is the combination of known elementsinto a particular
structure. However, unlike Capon, the present claimsare far less broad.

Globin genes have beenthe subject of intense study, and sequences and structures for
defective and functionalproteins are well known. For example, A Syllabus of Human
Hemoglobin Variants (1996), by Titus H.J. Huisman, Marianne F.H. Carver, and Georgi D.
Efremov, was published by The Sickle Cell Anemia Foundation in Augusta, GA, USA. As
stated in the on-line version of this publication, “this is a comprehensivelisting ofall known
human hemoglobin variants, including variants of the alpha-, beta-, gamma-, and delta-globin
chains." http://globin.cse.psu.edu/html/huisman/variants/. Thus, the structure ofsuitable globin
genes was well-known whenthe application wasfiled, and re-presentation of these sequencesis
not required bythe written description requirement.

With respect to mutant DHFR, Applicants havecited in the specification documents
describing known sequences of such mutants, with referenceto a prior publication ofthe
sequences. Caponindicates that no more should be required. Asto the statementthat the ability
to confer drug-resistance must be empirically determined, Applicants note that this is not their
invention. Their invention is a combination of elements, one of whichis a gene encoding a
DHFR mutantthat is known (as a result of prior work or future invention) to havethis property.
To deny coverageto the full scope of Applicants invention because someone might developa
new DHFR mutant, thereby allowing that person to freely misappropriate Applicants’ invention
of the combination, is not what the written description requirement was intendedto accomplish.
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Appln No.:—10/188,221
Amendment Dated: February 6, 2006
Reply to Office Action of October 4, 2005

For the foregoing reasons, Applicants submit that this case is nowin form for allowance
Favorable reconsideration and allowanceof all claims is respectfully requested. Further,
recombination of the withdrawnclaimsis requested.

Respectfully submitted,

 Sees ite CAG
Marina T. Larson Ph.D.

PTO Reg.No. 32,038
Attorney for Applicant
(970) 262-1800

Page 13 of 13

Page 189 of 547



Page 190 of 547

PTO/SB/22 (12-04)
Approved tor use through 7/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER37 CFR 1.136(a) Docket Number (Optional)
FY 2005 MSK.P-050

(Fees pursuant to the Consolidated Appropriation Act, 2005 (H.R. 4818).)

Application Number 10/188,221 Filed 7/1/2002

For Vector Encoding Human Globin Gene and UseThereof in Treatment of Hemoglobinopathies

Art Unit 1633 Examiner Marcia Marich

This is a request under the provisions of 37 CFR 1.136(a) to extend the periodforfiling a reply in the aboveidentified
application.

 The requested extension and appropriate non-small-entity fee are as follows (check time period desired):

Fee Small Entity Fee

One month (37 CFR 1.17(a)(1)) $120 $60 $ 60,00

[__] Two months (37 CFR 1.17(a)(2)) $450 $225 $

[_] Three months (37 CFR 1.17(a)(3)) $1,020 $510 $

[_] Four months (37 CFR 1.17(a)(4)) $1,590 $795 $

[_] Five months (37 CFR 1.17(a)(5)) $2,160 $1,080 $

Applicant claims small entity status. See 37 CFR 1.27.

A checkin the amountof the fee is enclosed.

Payment by credit card.

The Director has already been authorized to charge fees in this application to a Deposit Account.

C]

C4

LJ

C] The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number . | have enclosed a duplicate copy of this sheet.
WARNING: Information on this form may become public. Credit card information should not be included on this
form. Provide credit card information and authorization on PTO-2038.

lam the L] applicant/inventor

C] assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration Number _32038

C] attorney or agent under 37 CFR 1.34.
Registration number if acting under 37 CFR 1.34

/

7Wii haSiHeud/ February 6, 2006
Signature Date

Marina T. Larson, Ph.D 970 262 1800
Typed or printed name Telephone Number

NOTE: Signaturesofall the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more
than one signature is required, see below.

CL] Total of forms are submitted.
This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process)an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case
Any comments on the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Title of Invention: Vector encoding human globin gene and use thereofin treatmentof
. hemoglobinopathies

First Named Inventor: Michel Sadelain
 

Filer: Marina T. Larson

Attorney Docket Number: MSK.P-050

Filed as Small Entity

Utility Filing Fees

BasicFiling:

Pages:

Claims:
 

Miscellaneous-Filing:

Patent-Appeals-and-Interference:
 

Post-Allowance-and-Post-Issurance:

Extension-of-Time:

Extension for responsewithin 1st month 2251 1 60 60
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Description Fee Code Quantity Amount USD($) 

Miscellaneous: 
Total in USD ($)
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Electronic AcknowledgementReceipt

EFSID: 1004302 

Application Number: 10188221

Vector encoding human globin gene and usethereofin treatmentof
Title of Invention: hemoglobinopathies

First Named Inventor: Michel Sadelain 

Customer Number: 52334 

Filer: Marina T. Larson

ReceiptDate: 06-FEB-2006 

Filing Date: 01-JUL-2002

Application Type: Utility

Paymentinformation:

 
 

Submitted with Payment

Payment was successfully received in RAM

RAM confirmation Number

File Listing:

  
 

Document
Number DocumentDescription File Name File Size(Bytes)

20060206_amendment.pcf 629590  
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Multipart Description

Doc Desc

Applicant Arguments or Remarks Made in an Amendment

Warnings: 

Extension of Time 20060206_extension.pdf

Fee Worksheet (PTO-875) fee-info.pdf 6759 pepe
TotalFiles Size(in bytes){ 697103

Warnings:

  
Warnings: 

 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTOof the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidenceof receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptanceof the
application as a national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.
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. PTO/SB/0G (08-03)

. wf Approved for use through 7/31/2008. OMB 0651-0032
U.S, Patent and Tradernark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are requited to respond to a collection of information unless it displays a valid OMB control number.
PATENT APPLICATION FEE DETERMINATION RECORD Applicalion or Docket Number

Substitute for Form PTO-875

CLAIMS AS FILED - PARTI , OTHER THAN
(Cotumn 1) (Calumn 2) SMALL ENTITY oR SMALL ENTITY  

  
  
  
  

 

 
|ror|_numcerrnen|_wunoerectea_||rave|ree_|

BASIC FEE
(37 CFR 1. t6{a)) OR
TOTAL CLAIMS
{37 CFR 1. 16(c)) minus 20 = OR
INDEPENDEN AIMS
(37 CFR 1, 16{d)) OR

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16{d)) ORa
" {f the difference in column 1 is fess than zero, enter “O" in column 2 OR TOTAL fe

CLAIMS AS AMENDED ~ PARTIl

/\ 0 or OTHER THAN(Column 1) (Cotumn 2) (Column 3) SMALL ENTITY SMALL ENTITY
 
  

  

 
CLAIMS HIGHEST

  
REMAINING NUMBER PRESENT TE ADDI-

AFTER PREVIOUSLY EXTRA TIONAL
AMENOMENT PAID FOR Fee

Pe7ed437 CER 1.1Me)) Y)

eres |eIa7 CFR 1.1800)

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.26(a)) + ” Uy

AMENDMENTA[ss
TOTALADDL FEE

Ce OY Conmn 1) (Cotumn 2) (Column 3)a
CLAIMS HIGHEST

© REMAINING NUMBER PRESENT

5 AFTER PREVIOUSLY EXTRAAMENDMENT PAID FOR

RATE ADOI-
TIONAL 

 

 
  

  
   

  

é FEETotal
Z| aorta|YG[MyenA xs|
Gpecmm|SpeyoeLe es|44]a7 crr iaep
= :

< FIRST PRESENTATION OF MULTIPLE CEPENDENT CLAIM {37 CFR 1.16{0)} t, ts =. P|
TOTAL TOTAL
ADO'L FEE OR ADD'L FEE

{Coturmn 1) (Column 2) (Geolumn 3) :
CLAIMS HIGHEST

oO REMAINING NUMBER PRESENT RATE ADOI-
b AFTER PREVIOUSLY|EXTRA TIONAL
a AMENDMENT PAID FOR FEE
Ss Total”BD L&I118% OR
thf§(7 CFR 1.150))
2 oR
< FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM§(37 CFR 1.16(d)} OR Pn

TOTAL
OR AODLFEE

 
* if the entry in column 1 5s fess than the entry in column 2, write “0” in column3.

™* ff Ine “Highest Number Previously Paid For" 1N THIS SPACE is less than 20,enter °20°.
“** Ifthe “Highest Number Previously Paid For" IN THIS SPACEis tess than 3, enter "3".The “Highest Number Previousty Paid For’ (Totat or independent) is the highest number foundin the appropriate box in column 1.

. This collection of information is required by 37 CFR 1.16. The information is required to abtain or retain a benefit by the public which is to file (and by ihe
USPTOto process) an apptication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to comptete,
including gathering, preparing, and submitting the campleted application form to the USPTO, Time will vary depending uponthe individual case. Any comments
on the amount of time you require to complete this form and/or suggestions fos reducing this burden, should be sent to the Chief Infornration Officer, U.S, Patent
and Trademark Office, U.S. Department of Cammerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22213-1450.

LL .

  

if you need assistance in completing the form, call 1-800-PTO-9199 and select aption 2.
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PTO/SB/21 (09-04)
Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
ersons are required to respond to a collection of information unlessit displays a valid OMB control number.

TRANSMITTAL

FORM + [PRT[ichSadlan
Art Unit

(to be used forall correspondenceafterinitialfiling) pAtunttess
Examiner Name : .

Maria Marvich

 
 

 
 

 
  
 

ENCLOSURES (Checkalf that apply)

[| Fee Transmittal Form [| Drawing(s) nenAllowance Communication
[|Fee Attached[]Licensing-related Papers Appeal Communication to Board ofAppeals and Interferences

i: Appeal Communication to TCL] Amendment/Reply [] Petition {Appeal Notice, Brief, Reply Brief)
[| After Final Petition to Convert to a [| Proprietary InformationProvisional Application

. : Powerof Attorney, Revocation [][| Affidavits/declaration(s) Changeof Correspondence Address Status Letter

[| Extension of Time Request[]Terminal Disclaimer Other Enclosure(s) (pleaseIdentify below):

[| Express Abandonment Request [ Request for Refund Powerof Attorney andCorrespondence AddressIndication
Form

Statement Under 37 CFR 3.73(b)
. . Return Receipt PostcardCertified Copy of Priority [| Landscape Table on CD PDocument(s)

[| Reply to Missing Parts/incomplete Application

[| Information Disclosure Statement [| CD, Numberof CD(s) 
Reply to Missing Parts under
37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

EDWARDS ANGELL PALMER & DODGE LLP

Signature
f

[VV1L. ALAM,

Printed name 6 

March 9, 2006

| hereby certify that this paper (along with any paperreferred to as being attached or enclosed) is being deposited with the U.S. Postal Service on
the date shown below with sufficient postage as First Class Mail, in an envelope addressed to: Commissionerfor Patents, P.O. Box 1450,
Alexandria, VA 223 13-1450. ..- \

Dated: March 9, 2006 signature:LUAMoun (Denise Kacinski)
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PTO/SB/82 (04-05)
Approved for use through 11/30/2005. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
persons are required to respond to a collection of information unlessit displays a vafid OMB contro! number.

10/188, 221-Conf. #9026

July 1, 2002

Michel Sadelain

  
 
 

 

 
  
  

 
 

REVOCATION OF POWER OF

 ATTORNEYWITH
NEW POWEROF ATTORNEY

AND Art Unit 1633

64836(51590

| hereby revoke all previous powers of attorney given in the above-identified application.

CHANGE OF CORRESPONDENCE ADDRESS

[x] A Powerof Attorney is submitted herewith.
OR

[] | hereby appoint the practitioners associated with the Customer Number:[

[_] Please change the correspondence addressfor the above-identified application to:
The address associated with
Customer Number:

Firm or
Individual Name
  

[] Applicant/Inventor.
Assigneeofrecord of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96)

SIGNATUREof Applicant or Assignee of Record
5 o

James S. Quirk
212 639 6181

NOTE: Signaturesofall the inventors or assigneesofrecord ofthe entire interest or their representative(s) are required. Submit multiple
forms if more than one signature is required, see below*.

*Totalof forms are submitted.

\ hereby certify that this correspondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail, in
an envelope addressed to: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below.

pated{(V\Grn q 200\0 signature:224 SQUCAU: RVA (Denise Kacinski)
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PTO/SB/81 (04-05)
Approvedfor use through 11/30/2005. OMB 0651-0035

U.S. Patent and Trad emark Office; U.S. DEPARTMENT OF COMMERCE
ired to respond to a collection of information unless it displays a valid OMB control number.oO

40/188,221-Conf. #9026
July 1, 2002
Michel Sadelain

Underthe Pape

   
 
 

    

ork Reduction Act of 1995, no personsare req
 

 
 

 
 

 
 
 

 

POWER OF ATTORNEY

and VECTOR ENCODING HUMAN GLOBIN GENE
CORRESPONDENCE ADDRESS Title AND USE THEREOFIN TREATMENT,etc.

INDICATION FORM fArtunit|1633 

64836(51590

\' | hereby revokeall previous powers of attorney given in the above-identified application.
| hereby appoint:

[x] Practitioners associated with the Customer Number: 21874
OR

{| Practitioner(s) named below:
Registration RegistrationNumber Number

as my/our attorney(s) or agent(s) to prosecute the application identified above, and to transact all business in the United StatesPatent and Trademark Office connected therewith.

Please recognize or change the correspondence addressfor the above-identified application to:
The address associated with the above-mentioned Customer Number:

OR

[_|the address associated with Customer Number: |OR

Firm or
Individual Name |EDWARDS ANGELL PALMER & DODGE LLP

P.O. Box 55874

Boston MA i

County[US|Telephone_[(203)875.7505[Email [aleahy@eapdiaw.com
| am the:

[| Applicant/Inventor.
[x] Assignee of record ofthe entire interest. See 37 CFR 3.71.Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96

SIGNATUREofApplicant or Assignee of Record

Signature rey|te|fon
Name James S. Quirk Telephone|212 639 6181
=itle and Company|Authorized Signer for Assignee

NOTE:Signaturesofall the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple
formsif more than one signature is required, see below".

 

 

[ *Total of forms are submitted.

| hereby certify that this corespondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail, in
an envelope addressed to: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below.

vate: MAYEN G t 2O0v signature: DPUISOKOLA,(Denise Kacinski)
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PTO/SB/96 (09-04)
Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trad emark Office; U.S. DEPARTMENT OF COMMERCE
ond to.a collection of information unlessit displays a valid OMB control number.

STATEMENT UNDER37 CFR 3.73(b)

Michel Sadelainetal. 
 

Applicant/Patent Owner: 

   
  
 

Application No./Patent No.: 10/188,221 Filed/lssue Date: _. July 1, 2002

VECTOR ENCODING HUMAN GLOBIN GENE AND USE THEREOFIN TREATMENT OF
HEMOGLOBINOPATHIES

 

Entitled:
  

 Memorial Sloan-Kettering Cancer Center ,a(Nameof Assignee) 

  

  
  

  
  
  
  
 
 

(Type of Assignee,9.9., corporation, partnership, university, government agency,etc.)

 statesthatit is:

1. [x] the assignee of the entire right, title, and interest; or
2.(] an assigneeofless than the entire right, title and interest.

The extent (by percentage) of its ownership interestis %

in the patent application/patentidentified above byvirtue of either:

A. [x] An assignmentfrom the inventor(s) of the patent application/patent identified above. The assignment
was recordedin the United States Patent and Trademark Office at Reel 013256 ,

Frame 0983 , or for which a copythereof is attached.
OR

B. A chainoftitie from the inventor(s), of the patent application/patent identified above, to the current
assignee as shown below:
1. From: To:

The documentwasrecorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereofis attached. 
2. From: To:

The document was recordedin the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereofis attached.

3. From: To:
The documentwasrecorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copythereofis attached.

   
 
 

 

 

  
  
  
  
  
  
  

[] Additional documentsin the chain oftitle are listed on a supplemental sheet.
[| Copies of assignments or other documentsin the chain oftitle are attached.

[NOTE: A separate copy(/.¢., a true copyof the original assignment document(s)) must be
submitted to AssignmentDivision in accordance with 37 CFR Part 3,if the assignmentis to be
recorded in therecords of the USPTO. See MPEP 302.08]

The undersigned (whosetitle is sypplied below) is authorized to act on behalf of the assignee, . 
 
 
 

Signature Date

James §. Quirk 2127639 6181
Printed or Typed Name Telephone Number
 

Authorized Signerfor Assignee
Title
 

therebycertify that this correspondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail, in
an envelope addressed to: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below.
Dated: Y Cin G t 2OOo signature,\22RLAROA NV LA (Denise Kacinski) 
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 1450 
  

Alexandria, Virginia 22313-1450www.uspto.gov

10/188,221 07/01/2002 Michel Sadelain 64836(51590) 9026

21874 7590 04/04/2006 EXAMINER

EDWARDS & ANGELL, LLP MARVICH, MARIA
P.O. BOX 55874

BOSTON, MA. 02205
1633

DATE MAILED:04/04/2006

Please find below and/orattached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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Notice of Non-Compliant 10/188,221 SADELAIN ETAL.
Amendment(37 CFR 1.121) Examiner Art Unit

Maria B. Marvich, PhD 1633
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

 

The amendment documentfiled on is considered non-compliant becauseit has failed to meet the requirements of
37 CFR 1.121 or 1.4. In order for the amendment document to be compliant, correction of the following item(s) is required.

THE FOLLOWING MARKED(X) ITEM(S) CAUSE THE AMENDMENT DOCUMENTTO BE NON-COMPLIANT:
(J 1. Amendments to the specification:

(J A. Amended paragraph(s) do notinclude markings.
( B. New paragraph(s) should not be underlined.
C1 C.Other .

(] 2. Abstract:
C1 A. Not presented on a separate sheet. 37 CFR 1.72.
L} B. Other .

LJ 3. Amendments to the drawings:
C1 A. The drawingsarenot properly identified in the top margin as “Replacement Sheet,” “New Sheet,”or

“Annotated Sheet” as required by 37 CFR 1.121(d).
CL B. The practice of submitting proposed drawing correction has been eliminated. Replacement drawings

showing amendedfigures, without markings, in compliance with 37 CFR 1.84 are required.
L] C. Other .

[x] 4. Amendmentstothe claims:
L] A. A completelisting of all of the claims is not present.
[] B. Thelisting of claims does notincludethe text of all pending claims (including withdrawnclaims)
( C. Each claim has not been provided with the properstatus identifier, and as such, the individual status

of each claim cannotbe identified. Note: the status of every claim must be indicated after its claim
number by using one of the following status identifiers: (Original), (Currently amended), (Canceled),
(Previously presented), (New), (Not entered), (Withdrawn) and (Withdrawn-currentiy amended).

(] D.The claims of this amendment paper have not been presented in ascending numericalorder.
(J E. Other: See Continuation Sheet.

L] 5. Other (e.g., the amendmentis unsigned or not signed in accordance with 37 CFR1.4):

For further explanation of the amendmentformat required by 37 CFR 1.121, see MPEP § 714.

TIME PERIODS FORFILING A REPLY TO THIS NOTICE:

1. Applicant is given no newtime period if the non-compliant amendmentis an after-final amendment or an amendment
filed after allowance. If applicant wishes to resubmit the non-compliant after-final amendmentwith corrections, the
entire corrected amendment mustbe resubmitted.

Applicant is given one month,orthirty (30) days, whichever is longer, from the mail date of this notice to supply the
correction, if the non-compliant amendmentis one of the following: a preliminary amendment, a non-final amendment
(including a submission for a request for continued examination (RCE) under 37 CFR 1.114), a supplemental
amendmentfiled within a suspension period under 37 CFR 1.103(a) or (c), and an amendmentfiled in response to a
Quayle action. If any of above boxes 1. to 4. are checked, the correction required is only the corrected section of the
non-compliant amendmentin compliance with 37 CFR 1.121.

Extensions of time are available under 37 CFR 1.136(a) only if the non-compliant amendmentis a non-final
amendmentor an amendmentfiled in response to a Quayle action.

Failure to timely respondto this notice will result in:
Abandonmentofthe application if the non-compliant amendmentis a non-final amendment or an amendment
filed in response to a Quayle action; or
Non-entry of the amendmentif the non-compliant amendmentis a preliminary amendment or supplemental
amendment.

 
Lega! Instruments Examiner(LIE), if applicable Telephone No.

U.S. Patent and Trademark Office Part of Paper No. 306
PTOL-324 (01-06) Notice of Non-Compliant Amendment (37 CFR 1.121)
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Continuation Sheet (PTOL-324) Application No. 10/188,221

Continuation of 4(e) Other: Claims 1, 19, 30, 39 and 45 no longerinclude reference to beta prior to globin. It is unclearif this is meant to
indicate that all reference to the term has been deleted.

1ricl-

Page 202 of 547



Page 203 of 547

UNITED StaTes PaTENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and TrademarkOffice

Address; COMMISSIONER FOR PATENTSAlexandria, Virginia 22313-1450www.uspto.gov
 

APPLICATION NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE

10/188,221 07/01/2002 Michel Sadelain MSK.P-050

CONFIRMATION NO.9026

Bone ORLAN
Marina Larson & Associates LLC *OC000000018454026"
re: MSK
P. 0. BOX 4928

DILLON, CO 80435-4928

Date Mailed: 04/04/2006

NOTICE REGARDING CHANGE OF POWEROF ATTORNEY

This is in response to the Powerof Attorneyfiled 03/13/2006.

e The Powerof Attorney to you in this application has been revoked by the assignee whohasintervened as
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Mail Stop Amendment
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

Dear Sir:

In response to the Office Action of April 4, 2006, please amend this application as
follows:

Amendments to the Specification begin on Page 2.

Amendmentsto the Claimsare reflected in the listing of claims which begins on page 5 of this
paper.

Remarks/Arguments begin on page 11 of this paper.
1
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Amendments to the Specification

Page 3, amendthe paragraphstarting on line 5 as follows:

Fig. 4 shows the average vector copy numberin peripheral blood cells, measured
periodically for 24 weeks, which confirms shewed highly efficient gene transfer in cells
transduced with the vector of the invention.

Page 6, amendthe paragraphsstarting on line 4 as follows:

Fig. 2 shows the genomic structure of specific vector within the scope ofthe
invention. The vector includes a deleted LTR, from -456 to -9 of HIV LTR and the PGK

promoter (530 bp) from the murine phosphoglycerate kinase 1 gene. It also includes a DHFR-
encoding region encoding human DHFRwith s/f mutation at amino acid 22. The locus control
region andthe B-globin region are the same as in TSN9. This vectoris designated dTNS9-PD.
This incorporation of DHFRinto this vector provides transformedcells with a methotrexate-
resistant phenotype. As a result, methotrexate, and otherantifolates can be used, both in
vitro andin vivo as a selection te-+tee} tool to enhance levels of the functional hemoglobin. When
hematopoietic stem cells were transformed using dTNS9-PD andreintroduced to mice that were
then treated with NMBPR-P (0.5 mg/dose) and TMTX (0.5 mg dose) for five days, observed
levels of expressed human B-globin were muchhigher in mice transduced with dTNS9-PD
vectors after treatment with TMTX and NMBPR-Pforselection of transducedcells.

The vectors of the invention are used in therapy for treatmentof individuals
suffering from hemoglobinopathies. In one embodimentofthe invention, hematopoietic
progenitor or stem cells are transformed ex vivo and then restored to the patient. As usedin used
in the specification and claims hereof, the term “hematopoietic progenitor sand stem cells”
encompasses hematopoietic cells and non-hematopoietic stem cells, e.g., embryonic stem cells,
hematopoietic stem cell precursors, or any of the latter generated by nuclear transfer from a
somatic cell. It is know in the art that efficient gene genes transfer into human embryonic stem
cells can be achieved using lentiviral vectors.

Page 15, amend the paragraphs beginningat line 3 as follows:

Thestability of TNS9-encoded B“ expression detected in peripheral blood suggested that
jong-trem long-term hematologic and systemic therapeutic benefits could be obtained. To
investigate whether Hbb "™ »yroduction would suffice to teart treat the anemia, weclosely
monitored hemoglobin parameters over 40 weeks. The marked increase in hemoglobin
concentration, RBC counts, and hematocrit was sustained throughoutthis time period. Control
mice that received transplants of eGFP-transduced Hbb™" bone marrow cells remained severely
anemic, indicating that the transplantation procedureitself did not alter the anemic state. The
reticulocyte counts decreased to 5% to 8% in TNS9 treated-chimeras, compared to 19% to 21%
in control eGFP-treated Hbb™* chimeras and age-matched Hbb"?” mice, suggesting an increase
in RBClife span and a deereasein decrease in erythropoietic activity.
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Appln No.:  10/188,221
Amendment Dated: May 4, 2006
Reply to Office Action of April 4, 2006

Example 9
To determine the impact of sustained human B-globin gene expression on hematopoiesis,

westudied the degree of splenomegaly (enlargement of the spleen) and EMHin 1-year-old
chimeras and age-mateched age-matched control mice. Spleen weights measured in Tns9-treated
Hbb""* chimeraas chimeras were indistinguishable from recipients of eGFP-transduced normal
bone marrow,as werethe total numberofcells per spleen. In contrast, mice engrafted with
eGFP-transduced Hbb"?”* bone marrow cells showed spleen weights andtotal cell numbersthat
were about 3-fold greater. The correction of spleen weight in TNS9 bone marrow chimeras
corresponded to a concomitant normalization in total hematopoietic progenitorcell content.
Spleen CFU-Es, BFUEs, andCFUs-GM were reduced to tevelsmeasured levels measured in
recipients of eGFP-transduced Hbb"** bone marrow, whereas they remained elevated in control
chimeras engrafted with eGFP-trasduced Hbb"?”* bone marrow cells and in age-matched Hob"
mice, as previously observed in another murine medelef model of B-thalassemis.””

Page 15, amendthe paragraphsstarting on line 1 as follows:

The regression of EMH wascorroborated by morphologic examination of spleen andliver
in long-term chimeras and age-match controls. Histopathology of spleens of mice that received
transplants of eGFP-tranduced Hbb"** marrow wasvirtually identicalto that ofslpeen spleen
from control Hbb""** mice. Specifically, the red pulp wassignificantly expanded, accounting for
80% to 90% ofthe cross-sectional area, and densely occupied by nucleated erythroid precursors.
The white pulp, based on cross-sectional area, wsa was relatively decreased and the marginal
zones were obscured by the large numberofnucleated RBCs,reflecting major expansion of the
red pulp and erythroid precursors. In TNS9-treated chimeras, the amount of red pulp was
considerably decreased, accounting for olny about 50% to 60% ofthe cross-sectionalarea. In
addition, the numberof nucleated erythroid precursors in the red pulp was decreased. Other
immature hematopoietic cells were present in the red pulp, but muchless frequently than in the
spleensofcontrol Hbb""** thalassemic mice. The livers from TNS9-treated chimeras were
similar to those of the normal control mice in that no EMH wasdetected. In contrast, livers from

mice engrafted with eGFP-trasduced Hbb""** bone marrow cells showed sera} several small foci
of intrasinusoidal EMH.
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Appln No.:  10/188,221
AmendmentDated: May 4, 2006
Reply to Office Action of April 4, 2006

Example 10

Toxic iron accumulation in the organs of thalassemic patients is a consequence of RBC
destruction and increased gastrointestinal iron uptake. To determine whether sustained
expression from the TNS9vector reduced iron overload, we stuied studied tissue sections ofliver
and heart, stained using Gomori iron stain. No iron deposition was seen in the livers of normal
Hbb™*control mice, whereas Hbb"* mice showed variable amountsofiron, including some
large aggregates. TNS9-trasduced treated chimeras demonstrated low to undetectable levels of
iron in the livers, whereas iron wasreadily detected in the livers of all mice that received
transplants of eGFP-transduced Hbb™" bone marrow cells. No iron accumulation was found in
the heart of treated or control mice, as previously observed in another murine modelofB-
thalassemia,” in contrast to whatis foundin the human disease. '*
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Appln No.:  10/188,221
Amendment Dated: May 4, 2006
Reply to Office Action of April 4, 2006

Amendments to the Claims:

Thislisting of claims will replace all prior versions, andlistings, of claims in the application:

Listing of Claims:

1, (currently amended) A recombinant vector comprising:
(a) a region comprising enceding a functional globin B-glebia gene; and
(b) portions of the B-globin locus control region, which consist essentially of

an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a 1309 bp
fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069 bp fragment
of HS4 extending between BAMHIandBanllrestriction sites, said vector providing expression
of-B—glebin globin when introduced into a mammalin vivo.

2. (previously presented) The vector of claim 1, further comprising a region encoding
a dihydrofolate reductase.

3. (previously presented) The vector of claim 2, further comprising a mouse PGK
promoter, wherein the mouse PGK promotercontrols the expression of the region encoding a
dihydrofolate reductase.

4. (previously presented) The vector of claim 3, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

5. (previously presented) - The vector of claim 4, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

6. (previously presented) The vector of claim 5, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

7. (previously presented) The vector of claim 2, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

8. (previously presented) The vector of claim 7, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

5
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Appln No.:  10/188,221
Amendment Dated: May 4, 2006
Reply to Office Action of April 4, 2006

9. (previously presented) The vector of claim 8, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

10. (previously presented) The vector of claim 1, wherein the functional globin gene
encodes human f-globin.

11. (previously presented) The vector of claim 10 further comprising a region
encoding a dihydrofolate reductase.

12. (previously presented) The vector of claim 11, further comprising a mouse PGK
promoter, wherein the mouse PGK promoter controls the expression of the region encoding a
dihydrofolate reductase.

13. (previously presented) The vector of claim 12, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

14, (previously presented) The vector of claim 13, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

15. (previously presented) The vector of claim 14, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to aminoacid 31 of the wild type sequence.

16. (previously presented) The vector of claim 11, wherein the dihydrofolate reductase
is a human dihydrofolate reductase.

17. (previously presented) The vector of claim 16, wherein the human dihydrofolate
reductase is a mutant form having increasedresistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set ofmutations.

18. (previously presented) The vector of claim 17, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to aminoacid 31 of the wild type sequence.

19. (withdrawn, currently amended) A methodfor treatment of hemoglobinopathy in a
mammalian individual suffering from a hemoglobinopathy comprising the steps of:

6
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Amendment Dated: May 4, 2006
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introducing to the mammalian individual a recombinant vector comprising:
(a) a region comprising encedinga functional globin B-glebin gene; and
(b) portions of the B-globin locus control region, which consist essentially of

an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a 1309 bp
fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069 bp fragment
of HS4 extending between BAMHIand BanlIrestriction sites, said vector providing expression
of-B—glebin globin whenintroduced into a mammalin vivo; and

expressing the functional B-glebin globin gene in the mammal, thereby providing a
therapeutic benefit to the mammalian individual.

20. (withdrawn) The methodofclaim 19, wherein the vector further comprises a
region encoding a dihydrofolate reductase.

21. (withdrawn) The method of claim 20, wherein the vector further comprises a
mouse PGK promoter, wherein the mouse PGK promotercontrols the expression of the region
encoding a dihydrofolate reductase.

22. (withdrawn) The method of claim 21, wherein the dihydrofolate reductaseis a
human dihydrofolate reductase.

23. (withdrawn) The method of claim 22, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase as a result of a set of mutations.

24, (withdrawn) The method of claim 23, wherein the set of mutations comprises a
mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a
mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

25. (withdrawn) The methodof claim 19, wherein the step of introducing the
recombinant vector is performed by transforming hematopoietic progenitorcells or stem cells
with the recombinant vector ex vive and then restoring the transformed cells to the mammalian
individual.

26. (withdrawn) ‘The method of claim 25, wherein the transformedcells are
subjected to a selection process to increase the percentage of transformedcells prior to restoring
the cells to the mammalian individual.
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Amendment Dated: May 4, 2006
Reply to Office Action of April 4, 2006

27. (withdrawn) The method of claim 26, wherein the vector further comprises a
region encoding a dihydrofolate reductase, and wherein the selection process comprises exposure
of the cells to an antifolate,

28. (withdrawn) The method of claim 27, wherein the antiifolate is methotrexate.

29. (withdrawn) The method of claim 19, wherein the globin gene encodes human
B-globin.

30. (withdrawn, currently amended) A mammalian hematopoietic progenitor or stem cell
transduced with a recombinant vector comprising:

(a) a region comprising eneeding-a functional f-glebin globin gene; and
(b)—_Jarge portionsof the B-globin locus contro] region, which consist

essentially of an 840 bp fragment of HS2 extending between SnaBI and BstX]restriction sites, a
1309 bp fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069 bp
fragment of HS4 extending between BAMHIand Banll restriction sitesinehade-completeDNase
Lhypersensitive-sitesHS2_HS3andHS4, wherein said cells express the functional-B—glebin
globin gene.

31. (withdrawn) The transducedcell of claim 30, wherein the mammalian
hematopoietic progenitor or stem cell is a human cell.

32. (withdrawn) The transducedcell of claim 31, wherein the vector further
comprises a region encoding a dihydrofolate reductase.

33. (withdrawn) The transducedcell of claim 32, wherein the vector further
comprises a mouse PGK promoter, wherein the mouse PGK promoter controls the expression of
the region encoding a dihydrofolate reductase.

34. (withdrawn) The transducedcell of claim 33, wherein the dihydrofolate
reductase is a human dihydrofolate reductase.

35. (withdrawn) The transducedcell of claim 34, wherein the human dihydrofolate
reductase is a mutant form having increased resistance to antifolates as compared to wild-type
human dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-
type human dihydrofolate reductase asa result of a set of mutations.

36. (withdrawn) The transducedcell of claim 35, wherein the set of mutations
comprises a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence
and a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

8
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37. (withdrawn) The transducedcell of claim 30, wherein the dihydrofolate
reductase is a human dihdrofolate reductase.

38. (withdrawn) The transducedcell of claim 30, wherein the globin gene encodes
human f-globin. ,

39. (withdrawn, currently amended) A method of making a therapeutic_ composition
cempesitions for treatment of heneglebinepathy-hemoglobinopathy in a mammalian individual,
comprising the steps of preparing a recombinantlentiviral vector comprising

(a) a region comprising enceding a functional B-glebin globin gene; and
(b)__portions of the B-globin locus control region, which consist essentially of

an 840 bp fragment of HS2 extending between SnaBI and BstXIrestriction sites, a 1309 bp
fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069 bp fragment
of HS4 extending between BAMHIand BanlIIrestriction sites, obtaining hematopoietic
progenitoror stem cells from the mammalian individual, and transducing the cells with the
recombinant vector.

40. (withdrawn) The method ofclaim 39, further comprising the step of performing
an ex vive selection using an antifolate.

41. (withdrawn) The method of claim 39, wherein the globin gene encodes human
B-globin.

42. (canceled)

43. (previously presented) The vector of claim 1, further comprising 2 GATA-1
bindingsites at the junction between the HS3 and HS4 fragments.

44, (previously presented) The vector of claim 1, wherein the vectoris a lentiviral
vector.

45. (currently amended) A recombinant vector comprising:
(a) a region comprising eneeding a functional B-glebin globin gene;
(b) portions of the B-globin locus control region, which includeas three

separate fragments complete DNaseI hypersensitive sites HS2, HS3 and HS4, and
(c) two GATA-1 bindingsites at the junction between the HS3 and HS4

fragments, said vector providing expression of-B-glebin globin when introduced into a mammal
in vivo.
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Reply to Office Action of April 4, 2006

46. (previously presented) The vector of claim 45, wherein the vectoris a lentiviral
vector.

47. (previously presented) The vector of claim 45, wherein the vector is pTNS9.

10
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Amendment Dated: May 4, 2006
Reply to Office Action of April 4, 2006

REMARKS/ARGUMENTS

This is in response to the Office Action mailed April 4, 2006 and October 4, 2005 forthe
above-captioned application. Reconsideration and further examination are respectfully
requested.

Applicants again note that the Information Disclosure Statementfiled in this case on
October 8, 2002 has not been returned with initials indicating consideration by the Examiner.
The October 8, 2002 Information Disclosure Statement is present in the Image File Wrapperas

reflected in Private PAIR. Consideration of the references from the disclosure statement and
return ofan initialed copy of the 1449 with the next paper are requested.

Applicants have amendedthe specification to correct the typographical errors noted by
the Examiner. In addition, withdrawn claim 30 has been amendedto conform to the previous
amendmentofclaim 1 so that it can be recombined with claim 1 should withdrawalof the

restriction requirement be considered appropriate upon allowance ofthe elected claims.

Applicants have also amendedthe independent claimsto refer to "globin" as opposed to
"B-globin." This language is consistent with the languagein the claimsasoriginally filed. At
somepoint, the B was inserted in the claimsin error, and no amendmentto the claims wasnoted.

The Examinerhasrejected claims 1-18 and 43-47 under 35 USC § 112,first paragraph,
as lacking a written description. The focusofthe rejection is on the reference to mutant human
dihydrofolate reductase, and the reference to a functional globin gene. Asa first matter,
Applicants have amended to claimsto refer to a region comprising a functional globin gene.
rather than encoding.

The Examinerhas rejected the claimsfor lack of written description based on the number
of examplesin the specification for the individual components of the claimed invention. Based
on the recently decided case of Capon v Eshhar, 76 USPQ2d 1078 (Fed. Cir. 2005), Applicants
submit that this rejection is in error

Caponis based on an interference proceeding in which both parties claimed chimeric
genes comprising a gene segment encodingasingle-chain (scFv) antibody, and a second gene
encoding a cytoplasmic signaling domain. Expression of a chimeric gene resulted in cells that
expresseda cell surface marker that producedcell signaling in response to binding of an antigen
to the scFV antibody. The Board of Patent and Appeals and Interferences had held that both
specifications were lacking in written description because ofa limited number of examples, and
the absence of a complete sequenceofat least one chimeric gene within the scopeof the claims.

11
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In vacating and remanding the holding of the Board of Appeals, the Federal Circuit
observed:

The “written description” requirement must be applied in the context of the
particular invention and the state of the knowledge. The Board’s rule that the
nucleotide sequences of the chimeric genes must be fully presented, although the
nucleotide sequences of the component DNA are known,is an inappropriate
generalization. Whenthe prior art includes the nucleotide information, precedent
does notset a per se rule that the information must be determined afresh.

* *

76 USPQ2d at 1084-5. In the present case, the "particular invention"is not the sequence of
globin genesthat produce functional proteins, andit is not the sequence of mutants of DHFR. As
in Capon, the "particular invention" is the combination of known elementsinto a particular
structure. However, unlike Capon,the present claimsare far less broad.

Globin genes have been the subject of intense study, and sequencesandstructures for
defective and functional proteins are well known. For example, A Syllabus ofHuman
Hemoglobin Variants (1996), by Titus H.J. Huisman, Marianne F.H. Carver, and Georgi D.
Efremov, was published by The Sickle Cell Anemia Foundation in Augusta, GA, USA. As
stated in the on-line version ofthis publication, "this is a comprehensivelisting of all known
human hemoglobin variants, including variants of the alpha-, beta-, gamma-, and delta-globin
chains." http://globin.cse.psu.edu/html/huisman/variants/. Thus, the structure of suitable globin
genes was well-known whenthe application wasfiled, and re-presentation of these sequencesis
not required by the written description requirement.

With respect to mutant DHFR, Applicants havecited in the specification documents
describing known sequences of such mutants, with reference to a prior publication of the
sequences. Capon indicates that no more should be required. As to the statementthat the ability
to confer drug-resistance must be empirically determined, Applicants note that this is not their
invention. Their invention is a combination of elements, one of which is a gene encoding a
DHFR mutantthat is known (asa result of prior work or future invention) to have this property.
To deny coverageto the full scope of Applicants invention because someone might develop a
new DHFR mutant, thereby allowing that person to freely misappropriate Applicants’ invention
of the combination,is not what the written description requirement was intended to accomplish.
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For the foregoing reasons, Applicants submit that this case is now in form for allowance.
Favorable reconsideration and allowanceofall claims is respectfully requested. Further,
recombination of the withdrawn claimsis requested.

Respectfully submitted,

Date Mary 4 Qoote _ By
AmyM.Leahy

EDWARDS ANGELL PALMER & DODGE, Registration No.: 47,739
LLP Attorney for Applicant
P.O. Box 55874

Boston, MA 02205

Telephone: 203-975-7505
Facsimile: 203-975-7180
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-| Application No. Applicant(s)

10/188,221 SADELAIN ET AL.

Office Action Summary Examiner Art Unit

Maria B. Marvich, PhD 1633 f
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available underthe provisions of 37 CFR 1.136{a). In no event, however, may a reply betimelyfiled

after SIX (6) MONTHSfrom the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED(35 U.S.C. § 133).

Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status 4

1)K] Responsive to communication(s) filed on 04 May 2006.

2a)L] This action is FINAL. 2b)X] This action is non-final.
3)C Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-41 and 43-47 is/are pending in the application.
4a) Of the above claim(s) 19-41 is/are withdrawn from consideration.

5)L) Claim(s) is/are allowed.
6)[X] Claim(s) 1-18 and 43-47 is/are rejected.
7)D) Claim(s)__ is/are objectedto.
8)L] Claim(s) are subjectto restriction and/or election requirement.

Application Papers

9) The specification is objected to by the Examiner.
10)] The drawing(s)filed on 07 January 2001 is/are: a)[X] accepted or b){_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)L] The oath ordeclaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f).
a)LJAI b)L] Some * c)L] Noneof:

1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0] Copiesofthe certified copies of the priority documents have beenreceivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action fora list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 4) O Interview Summary (PTO-413)
2) [] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date._.
3) LJ information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of informal Patent Application (PTO-152)

Paper No(s)/MaitDate_ 6) | Other.

 
U.S. Patant and Trademark Office

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060721
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Application/Control Number: 10/188,221 Page 2
Art Unit: 1633

DETAILED ACTION

This office action is in response to an amendmentfiled 6/30/06 and 2/6/06. Claim 42 has

been cancelled. Claims 1, 19 and 45 have been amended. Claims 1-41 and 43-47 are pending in

this application. Claims 19-41 have been withdrawn. Therefore, claims 1-18 and 43-47 are

under examinationin the application.

Response to Amendment

Anyrejection of record in the previous action not addressedin this office action is

withdrawn. There are no new groundsofrejection herein and therefore,this action is final.

Specification

The disclosure is objected to because of the following informalities: On page 14,line 8,

“then” is misspelled as “ten”. This objection is maintained for reasons of recordin the office

action mailed 10/4/05.

Claim Rejections - 35 USC § 112

The following is a quotation ofthe first paragraph of 35 U.S.C. 112:

Thespecification shall contain a written description of the invention, and of the manner and process of making
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to whichit
pertains, or with which it is most nearly connected, to make and use the sameandshall set forth the best mode
contemplated by the inventor ofcarrying out his invention.

Claims 1-18 and 43-47 are rejected under 35 USC 112, 1st paragraph,as failing to comply

with the written description requirement. The claims contains subject matter not describedin the

specification in such a wayas to reasonably conveyto one skilled in the relevantart that the
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inventors, at the time the application wasfiled, had possession of the claimed invention. This

rejection is maintained for reasonsof record in the office action mailed 10/4/05 and restated

below.

Applicants recite a genus of recombinant vectors comprising functional globin gene and a

mutant human dihydrofolate reductase (DHFR) that has increased resistanceto antifolate as

compared to wild-type DHFR. |

The written description requirement for genus claims maybesatisfied through sufficient

description of a representative numberof species by actual reductionto practice, reduction to

drawings, or by disclosure of relevantidentifying characteristics, i.e. structure or other physical

and/or chemical properties, by functional characteristics coupled with known or disclosed

correlations between function andstructure, or by a combination of such characteristics

sufficient to show that the applicant was in possession of the claimed genus.

Applicants recite a recombinant vector comprising a region encoding a functional b-

globin gene. Thespecification teaches that the term “functional globin gene”includes both

exons and introns, as well as globin promoters and splices donors/acceptors and can be

expressed. Specifically, The specification discloses two recombinantlentiviral vectors, TNS9

and dTNS9-PD. TNS9vector incorporates —618 to +2484 of the human B-globin gene. This

encompasses the coding sequence and an extendedportion of the promoter and enhancerregion.

dTNS9-PD comprises a deletion in the LTR and includes a PGK promoter form the murine

phosphoglycerate kinase 1 gene and a mutant DHFRregion with a mutation at aminoacid 22.

Thespecification also teaches that the B-globin gene coding sequencecan be replaced with

fragments of gammaglobin, alpha globin. Each of the fragments encompasses Metto the
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polyadenylation sequence, which essentially are the coding sequencesofthe alpha and gamma

genes. Other than the B-globin gene from position -618 to +2484 that includes an extended

promoter and 3’ enhancer element, applicants do not disclose the genomic sequence of

“functional globin genes”that can be used in the recombinantvector for expression of §-globin

whenintroduced into a mammalin vivo. However,there is no reference sequence provided in

the specification or the claims. Furthermore,all of the components ofthe gene as regulation

sequences,introns, and exons must be determined empirically in order to generate the

recombinant vector for expression in vivo in mammals. Furthermore, it is unclear what

componentsare required suchthatit is “functional”. Applicants claim the gene without any

disclosure aboutits structure. Given that applicants recite any functional globin gene but

disclose only —618 to +2484 of the human $-globin gene for which no reference sequenceis

provided, given that the genomic structures of any globin gene are unknown,it is concluded that

the invention must be empirically determined. In an unpredictable art, the disclosure of one

species would not representto the skilled artisan a representative numberofspecies sufficient to

show applicants were in possession of claimed genus.

In the instant case, applicantsrecite that the vector also comprises DHFRasa selection

marker. Specifically in dependent claims 5, 8, 14 and 17, applicants claim a genus of DHFR

mutant forms that comprise mutations that increase the capacity of the DHFR to confer

resistance to drugs. Applicants recite a single mutant form that comprises a mutation at an

amino acid corresponding to amino acid 22 of the wild-type sequence. However,there is no

reference sequence provided in the specification or the claims. Rather, the specification

discloses that double and single mutants of DHFR with mutations at amino acids 22 and 31 are
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described in commonly owned WO document 97/33988. Both the specification and WO

97/33988 teach that the reference sequence is human DHFR.Asto the genus of DHFR mutants,

the specification and prior art teach DHFR with mutations at amino acids 22 and 31. However,

the structural requirements of these mutants are not provided. Asto the functional requirements,

the prior art teachesthat the effect of the DHFR mutantsis due to an increase in the rate of

methotrexate dissociation. However, neither the priorart nor the specification teach that any

other aminoacids are capable of mediating the same effect. Given the large size and diverse

nature of h DHFRproteins with mutations and the inability to determine which will also possess

the ability to confer increased resistance to drugs, it is concluded that the invention must be

empirically determined. In an unpredictable art, the disclosure of two species would not

represent to the skilled artisan a representative numberof species sufficient to show applicants

were in possession of claimed genus.

Response to Argument

Applicants traverse the claim rejections under 35 U.S.C. 112, first paragraph on pages

11-13 of the amendmentfiled 2/6/06 and 5/4/06. Applicants argue that the claims have been

amendedto recite that the construct comprises a region comprising a functional globin gene

rather than encoding it and therefore overcometherejection. Applicants argue that the

specification has cited documents that describe known sequencesof such mutants and based

upon Capon no moreis required.

Applicants’ arguments have beenfully considered but they are not persuasive. The

Guidelines for Written Description state “The claimed invention as a whole may not be
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adequately describedif the claims require an essentialor critical element which is not adequately

described in the specification and whichis not conventional in the art”. In the instant case, the

specification has specifically defined a “functional globin gene”as including both exons and

introns, as well as globin promoters and splices donors/acceptors. However,the isolation of such

genes is not possible becauseall of these componentsare not known in the art nor are they

disclosed in the specification. Applicants’ reference Capon as evidencethat a rejection under

lack of Written Description is inappropriate when based upon the numberof examplesin the

specification. This fact pattern was not used to reject the instant claims. In fact, the rejection is

based uponthelack of description in the specification as to the structural requirements of any of

the genesthat are functional globin and therefore, the specification has failed to describe the

genes suchthat the nexusof structure and function is apparent. Secondly, applicants claim a

genus of mutant DHFRthat haveincreasedresistance to antifolates. While generation ofmutant

human DHFRis exemplified in the art as disclosed by the specification, mutagenesis has only

demonstrated a single amino acid mutation that generates a single mutant DHFRthatis of

increased resistanceto antifolates. As stated in Capon “The descriptive text needed to meet

these requirements varies with the nature and scopeofthe invention at issue, and with the

scientific and technologic knowledgealready in existence. The law mustbe applied to each

invention that enters the patent process, for each patented advanceis novel in relation to the state

of the science. Since the law is applied to each invention in view ofthe state of relevant

knowledge,its application will vary with differences in the state of knowledgein the field and

differences in the predictability of the science.” Capon alsostates “It is well recognized that in

the “unpredictable” fields of science, it is appropriate to recognize the variability in the science
i
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in determining the scope of the coverage to which the inventoris entitled. Such a decision

usually focuses on the exemplification in the specification”. In this case, the analysis ofthe field

of functional globin geneisolation and cloning and isolation of DHFR mutants with increased

resistance to antifolates is highly unpredictable as demosntrated by the art and requires more

description than isolation and cloning of the coding sequences or demonstration ofa single

mutant within a genus of genes and mutants.

Conclusion

Claims 1-18 and 43-47 are rejected.

Any inquiry concerning this communicationor earlier communications from the

examiner should be directed to Maria B. Marvich, PhD whose telephone numberis (571)-272-

0774. The examiner can normally be reached on M-F (6:30-3:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, David Nguyen, PhD can be reached on (571)-272-0731. The fax phone numberfor

the organization where this application or proceedingis assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on accessto the Private PAIR

system, contact the Electronic Business Center (EBC)at 866-217-9197(toll-free).
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Application No. Applicant(s)

Examiner Art Unit

All participants (applicant, applicant’s representative, PTO personnel):

Interview Summary 
  
 (1) Dave T. Nguyen. (3)Amy Leahy.  
 
 

(4)Lisa Wilson.  (2) Maria Marvich.

 
 

 

Dateof interview: 11 October 2006.

  Type: a)L] Telephonic 6)[) Video Conference
c)X] Personal[copy given to: 1) applicant  
 
 

 2)C applicant’s representative]

   Exhibit shown or demonstration conducted: ay] Yes el] No.
If Yes, brief description: 

  
 

Claim(s) discussed:

Identification of prior art discussed: 

 
 

Agreementwith respectto the claims f)_] was reached. g)(_] was not reached. h)R N/A.

 SubstanceofInterview including description of the general nature of what was agreedto if an agreement was
reached, or any other comments: Agreed to change functional globin gene to DNA encoding functional globin to
overcomerejection. Evidence overcoming rejection of DHFR mutants presented. Finally, source of LCRrestriction
sites requested.

 
  
 
 (A fuller description, if necessary, and a copy of the amendments which the examiner agreed would renderthe claims |

allowable,if available, must be attached. Also, where no copyof the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

 

 
 
 

 THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE

INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANTIS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTHOR THIRTY DAYS FROM THIS

INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVERIS LATER, TO
FILE A STATEMENT OF THE SUBSTANCEOF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

  

 
  

  
Examiner Note: You mustsign this form unlessit is an
Attachmentto a signed Office action. Examiner’s signature, if required U.S. Patent and Trademark Office .

PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20061011
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Summaryof Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substanceof Interview Must be Made of Record
A complete written statementas to the substance of any face-to-face, video conference,or telephoneinterview with regard to an application must be made ofrecordin the
application whether or not an agreementwith the examinerwas reachedat the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statementof the reasons presented atthe interview as
warranting favorable action mustbe filed by the applicant. An interview does not removethe necessity for reply to Office action as specified in §§ 1.111, 1.135. (85 U.S.C. 132)

37 CFR §1.2 Business to be transactedin writing.
All businesswith the Patent or Trademark Office should be transacted in writing. The personal attendance of applicantsortheir attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Ojfice will be based exclusively on the written record in the Office. Noattention will be paid to
anyalleged oral promise,stipulation, or understanding in relation to which there is disagreementor doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that recordis itself
incomplete through the failure to record the substance ofinterviews.

It is the responsibility of the applicantor the attorney or agent to make the substance of an interview of record in the applicationfile, unless
the examinerindicates he or she will do so. Itis the examiner's responsibility to see that such a record is made and to correct materia! inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes andfilling in the blanks. Discussions regarding only procedural matters,directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographicalerrors or unreadable script in Office actionsor the like, are excluded from the interview recordation procedures below. Where the
substance of aninterview is completely recorded in an Examiners Amendment, no separate Interview Summary Recordis required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portionofthefile, and listed on the
“Contents” section of the file wrapper. In a personalinterview, a duplicate of the Form is given to the applicant(or attorney or agent)at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address
either with orprior to the next official communication.If additional correspondence from the examineris not likely before an allowance orif other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation ofthe following information:
Application Number (Series Code and Serial Number)

~ Nameof applicant
- Name of examiner
- Date of interview

~ Type of interview (telephonic, video-conference, or personal)
— Nameof participant(s) (applicant, attorney or agent, examiner, other PTO personnel,etc.)
-  Anindication whether or not an exhibit was shown or a demonstration conducted

-  Anidentification of the specific prior art discussed
- Anindication whether an agreement was reached andif so, a description of the general nature of the agreement (may be by

attachmentof a copy of amendments or claims agreed as being allowable). Note: Agreementasto allowability is tentative and does
not restrict further action by the examinerto the contrary.

- Thesignature of the examiner who conducted the interview (if Form is not an attachmentto a signed Office action)

It is desirable that the examinerorally remind the applicant of his or her obligation to record the substance ofthe interview of each case.It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unlessit includes, or is supplemented by the applicant or the examinerto include,all of the applicable items required below concerning the
substance ofthe interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a brief identification of the generalthrustof the principal arguments presented to the examiner,

(Theidentification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. Theidentification of the arguments is sufficientif the general nature or thrust of the principal arguments made to the
examiner can be understoodin the context of the application file. Of course, the applicant may desire to emphasize andfully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a generalindication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcomeof the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. if the record is not complete and
accurate, the examinerwill give the applicant an extendable one month time period to correct the record.

Examinerto Check for Accuracy

lf the claims are allowable for other reasonsof record, the examiner should senda letter setting forth the examiner's version of the
statementattributed to him or her. if the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paperrecording the substance of the interview along with the date and the examiner'sinitials.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of: Sadelain ef al. Confirmation No.: 9026

Serial No.: 10/188,221 Group Art Unit: 1633

Filed: July 1, 2002 Examiner: Maria Marvich

For: VECTOR ENCODING HUMANGLOBIN GENE AND
USE THEREOF IN TREATMENT OF HEMOGLOBINOPATHIES

Attorney Docket No.: 64836(51590)

Mail Stop: Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

CERTIFICATION UNDER37 C.F.R. §1.10 FOR “EXPRESS MAIL”

Date of Deposit: November 30, 2006 Mailing Label Number: EV 814886281 US

I hereby certify that this documentis being deposited with the United States Postal Service on the date indicated abve in an
envelope as “Express Mail Post Office to Addressee” service under 37 C.F.R. § 1.10 and addressed to the Commissionerfor

Patents, P.O. Box 1450, Alexandria, VA 22313-1450. Ll Q t ( 2 Ch r p ’
Denise Kacinski Signature of Person Mailing Paper
Nameof Person Mailing Paper

 
AMENDMENTAND RESPONSE

TO OFFICE ACTION UNDER37 C.F.R.§ 1.111

Dear Sir:

This paper is being submitted in response to the non-final Office Action mailed on July

31, 2006, which set a three-month shortenedstatutory period for reply ending on October31,

2006. A Petition for a one-month extension of time accompaniesthis response. The

Commissioneris authorized to charge any additional fees occasioned bythis paper, or credit any

overpaymentof such fees, to Deposit Account No. 04-1105.

Amendmentsto the specification begin on page 2.

Amendmentsto the claimsare reflected in the listing of claims beginning on page3.

Remarks/arguments begin on page 7 ofthispaper.
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AMENDMENT

It is respectfully requested that the claims and specification be amended without

prejudice, without admission, without surrender of subject matter, and without any intention of

creating any estoppel as to equivalents, as follows.

In the Specification:

Kindly replace the paragraph beginning at page 13, line 24 and ending at page 14,line

17 with the following paragraph:

--Donor bone marrow wasflushed from the temurs tumors of 8- to 16-week old male c57/BL6

or Hob"?!* mice” obtain from Jackson Laboratories (Bar Harbor, Me.) that had been injected
intravenously (IV)6 daysearlier with 5-flurouracil (5-FU) 150 mg/kg body weight obtained

from Pharmacia (Piscataway, N.J.). Bone marrow cells were resuspended in X-VIVO-15

serum-free medium and supplemented with 10 ng/mL interleukin-1a (IL-1 « 100 U/mLIL-3,

150 U/mLIL-6, 10 ng/mL Kit ligand obtained from Genzyme (Cambridge, Mass.), 0.5 mM f-

mercaptoethanol obtained from Sigma(St. Louis, Mo.), 200-mM ,-glutamine, 100 IU/mL

penicillin, and 100 pg/mL streptomycin. Bone marrowcells were tes then pelleted and

resuspended in serram serum-free medium containing concentrated lentiviral supernatant and

supplemented with 8 mg/mL polybrene (Sigma), 200 mM ,-glutamine, 100 U/mLpenicillin,

100 pg/mL streptomycin and cytokines as above, and ewktureed cultured for 8 hours.

Transduced bone marrow cells (5 X 10°) were ten then injected IV into each ofthe irradiated

female recipients to establish bone marrow chimeras. Recipients mice (11- to 14-week-old

C57/BL6 or Hbb"** mice) wereirradiated with 10.5 Gy (Split dose 2 X 5.25 Gy) on the day of

transplantation.--

STM_220480_1/
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In the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the

application.

Page 241 of 547

1. (Currently Amended) A recombinant vector comprising:

(a) aregion comprising a nucleotide sequence encoding a functional globin-gene; and

(b) portions of the 8-globin locus control region, which consist essentially of an 840 bp

fragment of HS2 extending between SnaBI and BstXIrestriction sites, a 43691308 bp

fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069

bp fragment of HS4 extending between BAMHIBamHIand Banllrestrictionsites,
 

said vector providing expression of globin when introduced into a mammalin vivo.

2. (Previously presented) The vector of claim 1, further comprising a region encoding a

dihydrofolate reductase.

3. (Currently Amended) The vector of claim 2, further comprising a mouse PGK

promoter;-whereinthemousePGK_promoter-contrelsto control the expression of the

regionenceding-a dihydroflate reductase.

4, (Previously presented) The vector of claim 3, wherein the dihydrofolate reductaseis a

human dihydrofolate reductase.

5. (Previously presented) The vector of claim 4, wherein the human dihydrofolate

reductase is a mutant form having increased resistance to antifolates as compared to wild-

type human dihydrofolate reductase, said mutant form differing in amino acid sequence

from wild-type human dihydrofolate reductase as a result of a set of mutations.

6. (Previously presented) The vector of claim 5, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and

a mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

7. (Previously presented) The vector of claim 2, wherein the dihydrofolate reductase is a

3
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human dihydrofolate reductase.

8. (Previously presented) The vector of claim 7, wherein the human dihydrofolate

reductase is a mutant form having increased resistance to antifolates as compared to wild-

type human dihydrofolate reductase, said mutant form differing in amino acid sequence

from wild-type human dihydrofolate reductase as a result of a set of mutations.

9. (Previously presented) The vector of claim 8, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and

a mutation at an aminoacid corresponding to aminoacid 31 of the wild type sequence.

10. (Currently Amended) The vector of claim 1, wherein the functional globin gene

encedesis human 8-globin.

11. (Previously presented) The vector of claim 10, further comprising a region encoding a

dihydrofolate reductase.

12. (Previously presented) The vector of claim 11, further comprising a mouse PGK

promoter, wherein the mouse PGK promotercontrols the expression of the region

encoding a dihydrofolate reductase.

13. (Previously presented) The vector of claim 12, wherein the dihydrofolate reductaseis

a human dihydrofolate reductase.

14, (Previously presented) The vector of claim 13, wherein the human dihydrofolate

reductase is a mutant form having increasedresistance to antifolates as compared to wild-

type human dihydrofolate reductase, said mutant form differing in amino acid sequence

from wild-type human dihydrofolate reductase as a result of a set of mutations.

15. (Previously presented) The vector of claim 14, wherein the set of mutations comprises

a mutation at an amino acid corresponding to aminoacid 22 of the wild-type sequence
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and a mutation at an amino acid corresponding to aminoacid 31 of the wild type

sequence,

16. (Previously presented) The vector of claim 11, wherein the dihydrofolate reductase is

a human dihydrofolate reductase.

17. (Previously presented) The vector of claim 16, wherein the human dihydrofolate

reductase is a mutant form having increased resistance to antifolates as compared to wild-

type human dihydrofolate reductase, said mutant form differing in amino acid sequence

from wild-type human dihydrofolate reductase as a result of a set of mutations.

18. (Previously presented) The vector of claim 17, wherein the set of mutations comprises

a mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence

and a mutation at an amino acid corresponding to amino acid 31 of the wild type

sequence.

19-42. (Canceled)

43. (Previously presented) The vector of claim 1, further comprising 2 GATA-1 binding

sites at the junction between the HS3 and HS4 fragments.

44. (Previously presen ted) The vector of claim 1, wherein the vectoris a lentiviral vector.

45. (Currently Amended) A recombinant vector comprising:

(a) a region comprising a nucleotide sequence encoding a functional globin-gene;

(b) portions of the B-globin locus control region, which include as three separate

fragments complete DNasel hypersensitivity sites HS2, HS3 and HS4, and
(c) two GATA-! bindingsites at the junction between the HS3 and HS4 fragments,said

vector providing expression of globin when introduced into a mammalin vivo.
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46. (Previously presented) The vector of claim 45, wherein the vectoris a lentiviral

vector.

47. (Previously presented) The vector of claim 45, wherein the vector is pTNS9.

6 STM_220480_1/
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REMARKS

Claims 1-41 and 43-47 are pending. Claims 19-41 are canceled herein. No new claims

have been added. Accordingly, claims 1-18 and 43-47 will be pending upon entry of this

Response. The claim cancellations have been madesolely to expedite prosecution of the present

application and should not be construed as an acquiescenceto any ofthe rejections of record in

the prosecution of the instant application. Applicants reserve the right to pursue the subject

matterof the claimsasoriginally filed in one or more subsequent applications.

Claims 1, 3, 10 and 45 are currently amended. Support for the recitation of “a 1308 bp

fragment of HS3 extending between HindIII and BamHIrestriction sites and a 1069 bp fragment

of HS4 extending between BamHIand BanlIIrestriction sites” in Claim 1 can be found on page5,

lines 1-3 of the specification. Claims 1 and 45 are also amendedto recite a “nucleotide sequence

encoding a functional globin.” Support forthis recitation can be found on page3, lines 24-26 of

the specification. Claim 10 depends from Claim | and is amendedto preserve the antecedent

basis of the language in Claim 1. The changes to Claim 3 are partly grammatical in nature and

partly to more accurately reflect that the PGK promoter controls expression of the DHFR (as

opposed to the region encoding the DHFR).

An interview with Examiner Marvich and Supervisory Examiner David Nguyen washeld

on October 11, 2006. The Examiners are thanked for their helpful comments during the

interview. In accord with their suggestions, Claims 1 and 45 have been amendedto include the

recitation of a “nucleotide sequence encoding a functional globin.”

The Office Action Summary indicates that this action is non-final. However, page 2 of

the Office Action indicates that the Actionis final, yet no declaration of finality appears in the

Conclusion on page 7 of the Response. During the interview, the Examiners were informed that

the Applicants have relied upon the Office Action Summary and the Conclusion in determining

that the Action is non-final. Confirmation that the Action is regarded by the Office as a non-final

Action is respectfully requested.

During the interview, the Examiners inquired as to the location of the restriction sites that

delineate the claimed fragments of the DNase I hypersensitive sites HS2, HS3, and HS4 within

the Locus Control Region (“LCR”) (e.g., the SnaBI and BstXIrestriction sites of HS2, the

HindIII and BamHIrestriction sites of HS3, and the BamHI and BaniIrestriction sites of HS4).

The sequence information and location of the hypersensitive sites was known inthe art at the

7
STM_220480_1/

Page 245 of 547



Page 246 of 547

Inventors: Sadelain etal. Attorney Docket No. 64836(51590)
Serial No.: 10/188,221, filed July 1, 2002

time that the instant application wasfiled (see GenBank Accession Number NG_000007for

exemplary sequence information) which wasavailable to the public before the earliest filing date

of the present application.’ Accordingly, sequenceinformation providingthe location ofthe

restriction sites within the LCR wasreadily accessible to one skilled in the art using conventional

sequence analysis techniques. In response to the Examiners’ inquiry, the precise location ofthe

restriction sites are summarized: the SnaBI and BstXIrestriction sites of HS2 are located at

positions 17,093 and 16,240, respectively; the BamHI and HindIII restriction sites of HS3 are

located at positions 12,065 and 13,360, respectively; and the BamHI and BanlI restrictionsites of

HS4are located at positions 8,496 and 9,576, respectively.

In view of the evidence made of record by this Response, whichis discussed further

below, and the amendment to claims 1 and 45, it is believed that a tentative agreement was

reached to withdraw the rejections of record against the instant application. It is respectfully

submitted that the amendments and remarks herein place the application in condition for

allowance.

1, The objections to the specification are overcome

An objection to the specification is made on the basis of a typographicalerror.

Correction of the paragraph containing this error has been made by amendmentto the

specification. Accordingly, reconsideration and withdrawalof the present objection to the

specification are respectfully requested.

Il. Therejections under 35 U.S.C.§ 112,first paragraph are overcome

The claims 1-18 and 43-47 are rejected under 35 U.S.C. § 112, first paragraph,as failing

to comply with the written description requirementon the basis that the rejected claimsallegedly

contain subject matter that was not describedin the specification in such a way to reasonably

conveyto the skilled artisan that the inventors had possession of the claimed invention at the

time the application wasfiled. It is respectfully submitted that the conclusions of the Federal

Circuit in the recently decided case ofFalknerv. Inglis, 448 F.3d 1357, 1379 (Fed. Cir. 2006),

further confirm that the presently claimed inventionfulfills the written description requirement.
 

' GenBank Accession Number NG_000007is currently at version 3 (v3) and the nucleotide numbering used hereinis
based on that sequence. The earliest version thereof (v1) was produced from sequences that were published nolater
than 1985 asis clear from the attachedprintout of the relevant pages from v1 (and whichis available on the internet

8 STM_220480_1/
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Accordingly, Applicants respectfully disagree with the rejections of the present Office Action

under Section § 112, first paragraph, and traverse as follows.

In Falkner, the Federal Circuit heard an appeal from a decision of the Board of Patent

Appeals and Interferences(the “Board”) in Interference No. 105,187 between Falkneret al. and

Inglis et al., in which the Board entered judgment against Falkner. The court reviewed “whether

the Inglis benefit applications[i.e. the priority applications] adequately describe and enable a

poxvirus-based vaccine.” Jd. At 1363.

Relevant to this case, the court held “there is no per se rule that an adequate written

description of an invention that involves a biological macromolecule must contain a recitation of

known structure” and particularly recognized, when considering whetherInglis’s failure to

provide any DNA sequencesof the poxvirus genomeorthe locations of “essential” genetic

regionsto be deleted fails the written description requirement, that no such disclosure was

required because the sequences were already known in the art. Jd. at 1366-1367.

The court further explained that “a requirement that patentees recite known DNA

structures, if one existed, would serve no goal of the written description requirement,” and

ultimately held that “where . . . accessible literature sources clearly provided, as of the relevant

date, genes and their nucleotide sequences(here “essential genes”), satisfaction of the written

description requirement does not requireeither the recitation or incorporation by reference

(where permitted) of such genes and sequences.” /d. at 1358.

The facts and issues in Falkner are similar to those raised by the rejections of the present

Office Action. Accordingly, Applicants respectfully submit that the holdings ofFalkner

necessitate reconsideration and withdrawal of the rejections under 35 U.S.C. § 112.

First, the basis provided in the Office Action foralleging a lack of written description to

support the phrase “a functional globin gene”fails in view ofFalkner. A vector comprising the —

618 to +2484 region of the human beta-globin gene is described and exemplified in the

specification. See page 4, lines 19-27 of the specification, Figure ] and Examples 1-10.

Moreover, the specification indicates that the globin gene can encode, for example, a-globin, B-

globin and y-globin. See page 4, lines 1-3 of the specification.

Globin genes were well known at the timeoffiling the instant application. Indeed, globin

genes have been the subject of intense study for many years, and sequencesandstructures for

_ //www.ncbi.nlm.nih.gov/entrez/viewer.fegi?val=13907843) (Tab 1).
9 STM_220480_1/
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manydefective and functional globins are well known in theart. In addition to GenBank

Accession Number NG_000007, discussed herein above, the Examiner is respectfully pointed to

the following references which further establish the ready availability of sequences of functional

globin genesat the timeoffiling the instant application. References 1-4 relate to alpha-type

globin sequences and references 4-12 relate to beta-type globin sequences(including beta and

gammaglobinsequences).

(1)

(2)

(3)

(4)

(5)

Page 248 of 547

GenBank Accession No. 284721 (March 19, 1997): This reference describes a 43,058 bp

nucleotide sequence encompassing the human genomic sequenceofthe alpha globin gene

cluster, including alpha globin 1 (33234-34311), alpha globin 2 (37038-38118). The

sequence presumably contains exonsandintrons, globin promoters and globin splice

donor/acceptorsites as it represents a contiguous genomic DNA sequence.

GenBank Accession No. NM_000517 (October 31, 2000): This reference describes a 575

bp human mRNAalpha globin 2 sequence.

Hardison etal., J. Mol. Biol. (1991) 222(2):233-249. This reference reports a contiguous

nucleotide sequence of 10,621 bp (indicated on page 237 as GenBank Accession No.

M35026) of the mouse alpha globin gene cluster. This reference also reports an

alignment with the corresponding human sequence (page 240). The sequence presumably

contains exons and introns, globin promoters and globin splice donor/acceptorsites as it

represents a contiguous genomic DNA sequence.

A Syllabus of Human Hemoglobin Variants (1996), by Tituset al., published by The

Sickle Cell Anemia Foundation in Augusta, Georgia (available online at

http://globin.cse.psu.edu). This reference describes “a comprehensivelisting of all

known human hemoglobin variants, including variants of the alpha-, beta-, gamma-, and

delta-globin chains.” In particular, this reference describes globin mutants having

superior oxygen transport properties.

GenBank Accession No. J00179 (August 26, 1993). This reference describes a human

73,326 bp nucleotide sequence encompassing “all of the known beta genesin the cluster

on chromosome11” (see page 8). This genomic DNAregion contains the beta and

gammaglobin genes, and presumably exons,introns, globin promoters and globin splice

donor/acceptor sites. The reference specifically indicates that the beta globin promoteris

present 5’ upstream of the beta gene (see page 11 of 40, line 14). In addition, the

10 STM_220480_1/
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(6)

(7)

(8)

(9)

(10)

(11)

Page 249 of 547

reference specifically indicates the presence of an exon/intron borderin the beta gene (see

page 11 of 40,line 33).

Tagle et al., Genomics (1992) 13(3):741-760. This reference discloses the 41,101 bp

nucleotide sequence ofthe beta globin gene cluster of a prosimian (see Figure 2). The

reference further discloses results of alignments with corresponding regions from human,

rabbit and mouse. The sequence presumably contains exonsandintrons, globin

promoters and globin splice donor/acceptorsites as it represents a contiguous genomic

DNAsequence.

Grovsfeld et al., Cell (1987) 51(6):975-985. This reference describes the structure of the

human beta globin genecluster. It further includes a description of the regulatory regions

required for appropriate expression of the beta globin gene, including upstream and

downstream promoters and enhancers (see page 975, left column,last paragraph through

right column,first paragraph).

Li et al., Blood (1999) 93(7):2208-2216. This reference discloses vectors used for testing

and optimizing expressioncassettes for physiologic human beta globin expression. The

report describes the construction ofa variety of vectors using different portions or regions

of the gammaandbeta promoters to drive expression (see Methods and Materials:

plasmid constructs). The report also states that “the promoters from the gammaand beta

globin genes have beenintensively studied for many years” (see page 2214, first column,

first paragraph of discussion).

Gorman etal., J. Biol. Chem. (2000) 275(46):35914-35919. This reference reports on the

use of ribonucleoprotein particles as carriers for antisense repair of faulty splicing of

target genes. In particular, the reference tests the approach using the human IVS2-705

pre-mRNA(a known thalassemic beta-globin pre-mRNA whichis defective in splicing).

Cell lines are used which stably express the IVS2-705 pre-mRNA(see Methods and
Materials).

Slightom et al., Cell (1980) 21(3):627-638. This paper reports the complete nucleotide

sequence of human gamma-G and gamma-A beta-type globin genes, including the

promoter TATA boxregion 5’ to the transcriptionstart site (see sequences on page 631).

Fritschet al., Cell (1980) 19(4): 959-972. This reference reportsthe isolation of the

entire human beta-globin chromosomalregion andits fine detail mapping of each of the
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fetal and adult beta-type genes andtheir intergenic regions (see page 959, right column,

last paragraph ofintroduction).

(12) Marotta etal., J. Biol. Chem. (1977). 252(14):5040-5053 This paper reports the

nucleotide sequence of human mRNAbeta-globin on page 5047-5048 and the cloning,

mapping and sequencingstrategies used to obtain same.

Thus, the sequencesofsuitable globin genes, as defined in the specification, were well

known whenthe application wasfiled, and re-presentation of these sequencesis not required by

the written description requirement. Indeed, Falkner observed that“the forced recitation of
 

known sequencesin patent disclosures would only add unnecessary bulk to the specification” and

that “a requirement that patentees recite known DNAstructures, if one existed, would serve no

goal of the written description requirement.” /d. at 1368. Thus, where Inglis was not required to

disclose specific DNA sequencesfor essential genetic elements of the claimed poxviruses, the

presently claimed invention should not be required to have contained specific DNA sequences

for functional globin genes as they werereadily availablein the art.

Second, the basis provided in the Office Action to allege a lack of written description for

the phrase “a mutant human dihydrofolate reductase (DHFR)”also fails in view ofFalkner. In

particular, the Office Action indicates that while the claims recite a genus of DHFR mutantsthat

comprise mutations that increase the capacity of the DHFRto confer resistance to drugs, the

specification expressly teaches only two DHFR mutants (human DHFRwith mutated aminoacid

22 or human DHFRwith mutated aminoacids 22 and 31) and does not provide any reference
sequencenor any explanation asto particular structural requirements of the mutants or which

particular mutants will provide the effect of increased drug resistance.

During the interview, several references showing DHFR mutants known in the art were

discussed, and it was agreed that the references would be madeof record in order to overcome

the present rejection. See Interview Summary dated October 11, 2006. Accordingly, in view of

the references presentedherein,it is respectfully submitted that sequence information for mutant

DHFRgeneshaving increased capacity to confer drug resistance was well known in theart at the

time that the present application wasfiled. The specification cites WO 97/33988 as a specific

example of single and double mutants of DHFR havingincreased resistance. Mutant forms of

DHFRdisclosed in WO 97/33988 include Ser31Tyr22, Ser31Phe22, Gly31Tyr22, Gly31Phe22,

Ala31Tyr22 and Ala31Phe22. Moreover, reference can be madeto Thilletet al., “Site-directed

12 STM_220480_1/
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mutagenesis of mouse dihydrofolate reductase. Mutants with increasedresistance to

methotrextate and trimethoprim,” J. Biol. Chem. (1988), 263: 12500-12508 as evidence that such

DHFRmutant sequences were well-known in theart at the time the application wasfiled. In

particular, the reference discusses the preparation of a vector containing a 920-base pair EcoRI-

BglII fragment harboring the mouse dihydrofolate reductase gene under the control of a-

lactamase promoter(see page 12501, left column, line 37-41), which is then used as a basis for

site-directed mutagenesis to create specific mutations in the DHFR gene. The study concludes

the it “is possible to obtain mutants of mouse dihydrofolate reductase with increased resistance to

inhibitor.” (see page 12507, right column,last paragraph).

The Examineris respectfully pointed to the following additional references which further

exemplify the ready availability of sequences of dihydrofolate reductase genes at the time of the

present invention.

(1) GenBank Accession No. JO0140 (December 31, 1994). Discloses wildtype human

dihydrofolate reductase mRNA sequence. :

(2)|GenBank Accession No. 1DLR (September4, 1998). Discloses a human dihydrofolate

reductase mutant wherein leucineat position 22 is replaced by phenylalanine (L22F).

This mutant is known to haveincreasedresistance to inhibition by antifolates including

methotrexate. (see background of WO 97/33988, page 1, lines 20-27 to page 2, lines 1-

2).

(3)|GenBank Accession No. IDLS (September 4, 1998). Discloses a human dihydrofolate

reductase mutant wherein leucineat position 22 is replaced by tyrosine (L22Y). This

mutant is known to have increasedresistanceto inhibition by antifolates including

methotrexate. (see background of WO 97/33988, page 1, lines 20-27 to page 2,lines 1-

2).

(4) Blakleyet al., Hum. Mutat. (1998) 11(4):259-263. This reference is a review of DHFR

mutations that confer increased resistance to methotrexate and otherantifolates. Specific

DHFR mutationsare discussed throughout. Table 1, on page 260, for example, provides

a list of specific mutations in mouse, hamster, and human DHFRgenesthatresult in

resistance to methotrexate. Table 2, on page 261, in another example, providesa list of

human DHFRvariants that have been engineered by site-directed mutagenesis.

(5) Melvor R.S., Bone Marrow Transplant. (1996) 18 Suppl. 3:S50-4. This referenceis a

13 STM_220480_1/
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review of DHFR mutations that confer increased resistance to methotrexate and other

antifolates. Reference is made to known DHFRvariants, e.g. see page $50, right column,

last paragraph.

(6)—_Banerjee D.et al. Acta. Biochim. Pol. (1995) 42(4):457-464. This reference is a review

of DHFR mutations that confer increased resistance to methotrexate and otherantifolates.

Reference is made to known DHFRvariants,e.g. see page 459, right column,last

paragraph.

Accordingly, the sequences of DHFR mutants would have been well known to the person

of ordinary skill in the art as that person would have had available to him orherliterature sources

that would clearly provide such mutants. Therefore, the lack of such sequencesin the disclosure

does not form a valid basis for a rejection under 35 U.S.C. § 112,first paragraph. Falkner, 448

F.3d 1357, 1358. .

Copies of the references discussed herein above do not accompanythis response,asit is

understood from discussions held during the interview that such copies are not necessary. The

Examineris invited to call the undersigned for a further description of the sequence information

or copies of any reference of record in this response.

Reconsideration and withdrawal of the rejections under 35 U.S.C. § 112,first paragraph,

are respectfully requested, as the amendments and remarksherein place the application in

condition for allowance.

14 STM_220480_I/
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CONCLUSION

In view of the foregoing amendments and remarks presented herein, reconsideration and

withdrawalof all rejections and allowanceofthe instant application with all pending claimsare

respectfully solicited. If any issue remains as an impedimentto allowance, a further interview

with the Examiner and SPEare respectfully requested; and, the Examineris additionally

requested to contact the undersigned to arrange a mutually convenient time and mannerfor such

an interview.

Respectfully submitted,

 y M. Ileahy, Ph.D., Es
Registration No. 47,739
Attorney for Applicants
Tel. (203) 353-6817

EDWARDS ANGELL PALMER & DODGE, LLP
101 Federal Street

Boston, MA 02205

Dated: November 30, 2006 
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NCBI Sequence Viewer v2.0

 

 
 
 

 ls: NG_000007. Reports ...

Page 1 of 25

f My N¢

e [Sign In] [Regis
Book:

 

[gi:13907843] The record has been replaced by
NG_000007.2

Comment Features Sequence

LOcUS NG_000007 73308 bp DNA linear PRI 25-APR-2001
DEFINITION Home sapiens genomic beta globin region (HBB@) on chromosome 11.
ACCESSION NG_000007
VERSION NG_000007.1 GI:13907843
KEYWORDS

SOURCE Homo sapiens (human)
ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.

REFERENCE 1 (bases 1 to 73308)
AUTHORS Tuan,D., Solomon,W., Li,@. and London,I.M.
TITLE The 'beta-like-globin' gene domain in human erythroid cells
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 82 (19), 6384-6388 (1985)

PUBMED 3879975

REFERENCE 2 (bases 1 to 73308)

AUTHORS Vanin,E.F., Henthorn,P.S., Kioussis,D., Grosveld,F. and Smithies,O.
TITLE Unexpected relationships between four large deletions in the human

beta-globin gene cluster
JOURNAL Cell 35 (3), 701-709 (1983)

PUBMED 6652684

REFERENCE 3 (bases 1 to 73308)

AUTHORS Ley, T.J. and Nienhuis,A.W.
TITLE A weak upstream promoter gives rise to long human beta-globin RNA

molecules

JOURNAL Biochem. Biophys. Res. Commun. 112 (3), 1041-1048 (1983)
PUBMED 6303333

REFERENCE 4 (bases 1 to 73308)
AUTHORS Orkin,S.H., Kazazian,H.H. Jr., Antonarakis,S.E., Goff,S.C.,

Boehm,C.D., Sexton,J.P., Waber,P.G. and Giardina,P.J.
TITLE Linkage of beta-thalassaemia mutations and beta-globin gene

polymorphisms with DNA polymorphisms in human beta-globin gene
cluster

JOURNAL Nature 296 (5858), 627-631 (1982)
PUBMED 6280057

REFERENCE 5 (bases 1 to 73308)

AUTHORS Grosveld,F., Busslinger,M., Grosveld,G., Groffen,J., DeKleine,A.
and Flavell,R.A.

TITLE The structure and expression of the haemoglobin genes
JOURNAL Adv. Exp. Med. Biol. 158, 65-80 (1982)

PUBMED 6297279

REFERENCE 6 (bases 1 to 73308)

AUTHORS Efstratiadis,A., Posakony,J.W., Maniatis,T., Lawn,R.M.,

http://www.ncbi.nim.nih.gov/entrez/viewer.fcgi?val=13907843
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O'Connell,C., Spritz,R.A., DeRiel,J.K., Forget,B.G., Weissman,S.M.,
Slightom,J.L., Blechi,A.E., Smithies,O., Baralle,F.E.,
Shoulders,C.C. and Proudfoot,N.d.

TITLE The structure and evolution of the human beta-globin gene family
JOURNAL Cell 21 (3), 653-668 (1980)

PUBMED 6985477

REFERENCE 7 (bases 1 to 73308)
AUTHORS Fritsch,E.F., Lawn,R.M. and Maniatis,T.
TITLE Molecular cloning and characterization of the human beta-like

globin gene cluster
JOURNAL Cell 19 (4), 959-972 (1980)

PUBMED 6155216

REFERENCE 8 (bases 1 to 73308)

AUTHORS Marotta,C.A., Forget,B.G., Cohne-Solal,M., Wilson,J.T. and
Weissman,S.M. , :

TITLE Human beta-globin messenger RNA. I. Nucleotide sequences derived
from complementary RNA

JOURNAL J. Biol. Chem. 252 (14), 5019-5031 (1977)
PUBMED 873928

, COMMENT REVIEWED REFSEQ: This record has been curated by NCBI staff. The
reference sequence was derived from U01317.1.
[WARNING] On Jan 23, 2002 this sequence was replaced by
gi:18266749.

The five beta-like globin genes are found within a 45 kb cluster on
chromosome 11 in the following order:

5' epsilon (HBE1), gamma G (HBG2), gamma A (HBG1)}, beta 1
pseudogene (HBBP1), delta (HBD), beta (HBB) -3'

These embryonic, fetal and adult beta-like genes have the same
overall exonic structure, leading to the conclusion that they are
derived from one ancestral gene. In particular, they have many
consensus sequences and repetitive sequences in common.

The promoter region sequences 'ccaat', 'ata' and 'cttccg' are
characteristic of all human beta-like genes, as well as of some
other mammalian genes, and are thought to influence initiation of
transcription and translation.

Epsilon Gene: The epsilon globin gene (HBE1 below) is normally
expressed in the embryonic yolk sac: two epsilon chains together
with two zeta chains (an alpha-like globin) constitute the
embryonic hemoglobin Hb Gower I; two epsilon chains together with
two alpha chains form the embryonic Hb Gower II. Both of these
embryonic hemoglobins are normally supplanted by fetal, and later,
adult hemoglobin. However, at least nine alternative cap sites
which do not possess these conserved sequences have been found
upstream from the so-called canonical cap sites at 19486 and 19488.

G-gamma and A-gamma genes: The gamma globin genes (HBG2 and HBG1
below) are normally expressed in the fetal liver, spleen and bone
marrow. Two gamma chains together with two alpha chains constitute
fetal hemoglobin (HbF) which is normally replaced by adult
hemoglobin (HbA) at birth. In some beta-thalassemias and related
conditions (HPFH or ‘hereditary persistence of fetal hemoglobin"),
gamma chain production continues into adulthood.

Pseudo-beta-1: The pseudogene structure was deduced through

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=13907843 11/30/2006
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PTO/SBI17 (07-06)
Approvedfor use through 01/31/2007. OMB 0651-0032

U.S, Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no person are required to respond to a collection of information unlessit displays a valid OMB contro! number.

10/188,221-Conf. #9026

FEE TRANSMITTAL Tuy 4, 2002
Michel Sadefain

For FY 2006

60.00 6483661600

METHOD OF PAYMENT(checkall that apply)

[|Check [|Credit Card[|Money Order [| None{]Other(please identify):
[x|Deposit Account Deposit Account Number_04-1105. Deposit Account Name: Memorial Sloan-KetteringCancerCenter-Kettering Cancer Center

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

[x] Charge fee(s) indicated below [| Charge fee(s) indicated below, except for the filing fee
Charge any additional fee(s) or underpayments of x|Credit any overpayments
fee(s) under 37 CFR 1.16 and 1.17 ¥ "pay

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES

 
 

 

  Effective on 12/08/2004.
Fees pursuantto the Consolidated Appropriations Act, 2005 (H.R. 4818).  

 
 

 
  

  
 

 

 

 
 

  
  
  

  
  
  
  

  
  
  
  

  
  
  
  
  
 

 
  

  
  
  
 

 
 

 

 

 
FILING FEES SEARCH FEES EXAMINATION FEES

Application Type Fee ($) ae Fee ($) aea) Fee ($) argh Fees Paid ($)
Utility : 300 150 500 250 200 100

Design 200 100 100 30 130 65
Plant 200 100 300 150 160 80
Reissue 300 150 500 250 600 300

Provisional 200 100 0 0 0 0

2. EXCESS CLAIM FEESSma!Entity

Fee DescriptionFee(3)Fee($)
Each claim over 20 (including Reissues) 50 25
Each independentclaim over 3 (including Reissues) 200 100
Multiple dependent claims 360 180

Total Claims Extra Claims Fee (5) Fee Paid ($) Multiple Dependent Claims
23 -475 x =Fee($) Fee Paid ($)

HP = highest numberof total claims paid for, if greater than 20.

Indep. Claims Extra Claims Fee ($) Fee Paid ($)
-3= x 5

HP = highest numberof independentclaimspaid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $250 ($125 for smal! entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

 

 

 Total Sheets Extra Sheets Numberof each additional 50 or fraction thereof Fee ($) Fee Paid ($)
- 100 = 150 (round up to a whole number) x =

4, OTHER FEE(S) Fees Paid ($)
Non-English Specification, $130 fec (no small entity discount)
Other(e.g., late filing surcharge): 2251 Extension for response within first month 60.00  
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[SUBMITTEDBYey
beseY—pus(0)AAR
feneramPMiggy?”‘domNoverbar30,2008
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(hereby certify that this paper (along with any paperreferred to as being attached or enclosed) is being deposited with the U.S. Postal Service asExpress Mail, Label No. EV814886281US, on the date shown below in an envelope addressedto:
MS Amendment, Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450. a

Dated: Navember 30, 2006 Signature: Derk SQY a Gfaa (Denise Kacinski) 
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PTO/SB/22 (09-06)
Approved for use through 03/31/2007. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number.

¥/| PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a)|Docket Number(Optional)
FY 2006 64836(51590)

(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).)

Application Number 10/188,221-Conf. #9026 Filed July 1, 2002

VECTOR ENCODING HUMAN GLOBIN GENE AND USE THEREOF IN TREATMENT OF
HEMOGLOBINOPATHIES

Art Unit 1633 Examiner Maria Marvich

This is a request under the provisions of 37 CFR 1.136(a) to extend the periodforfiling a reply in the above
identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

  

  
   
  

 
For

  
  
  

  
  
  
  
  
  
  
    
 

  
 

Fee Small Entity Fee

[x] One month (37 CFR 1.17(a)(1)) $120 $60 $ 60.00
[__] Two months (37 CFR 1.17(a)(2)) $450 $225 $
[__] Three months (37 CFR 1.17(a)(3)) $1020 $510 $
[__] Four months (37 CFR 1.17(a)(4)) $1590 $795 $
[__] Five months (37 CFR 1.17(a)(5)) $2160 $1080 $

[x] Applicant claims small entity status. See 37 CFR 1.27.
[| A checkin the amountofthe fee is enclosed.
[ Paymentby credit card. Form PTO-2038is attached.
[x] The Director has already been authorized to charge feesin this application to a Deposit Account.
[x] The Director is hereby authorized to charge any fees which may be required,or credit any overpayment, to

Deposit Account Number 04-1105 . [have enclosed a duplicate copy ofthis sheet. 

 

 | am the [| applicant/inventor.
[| assignee of record of the entire interest. See 37 CFR 3.71.

Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

attorney or agent of record. Registration Number 47,739 
 

 
attorney or agent under 37 CFR 1.34.

Registration numberif acting under 37 CFR 1.34

, November 30, 2006
Signature Date

AMYMeanyAmy M. Leah (203) 975-7505
Typed or printed name Telephone Number 

 
 

NOTE:Signatures ofall the inventors or assigneesof record of the entire interest or their representative(s) are required. Submit multiple forms if more
than one signature is required, see below.  

  

 [ Total of 1 forms are submitted.

I hereby certify that this paper (along with any paperreferred to as being attached or enclosed) is being deposited with the U.S. Postal Service as
Express Mail, Label No. EV814886281US,on the date shown below in an envelope addressed to:
Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Dated: November 30, 2006 signatureROMA COC Wau (Denise Kacinski)
12/04/2006 EAREGAY1 00000080 041105 10188221
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ff Application No.(if known): 10/188,221 Attorney Docket No.: 64836(51590)¢

Pangan

Certificate of Express Mailing Under 37 CFR 1.10

| hereby certify that this correspondence is being deposited with the United States Postal Service as
Express Mail, Airbill No. EV814886281USin an envelope addressedto:

MS Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450 ©

November 30, 2006
Date

igna ‘ure

. Denise Kacinski

Typed or printed nameof person signing Certificate

(203) 975-7505
Registration Number, if applicable Telephone Number

Each paper must haveits owncertificate of mailing, or this certificate mustidentify
each submitted paper.

AmendmentTransmittal Letter
Petition for Extension of Time
Fee Transmittal Form

Charge $60.00 to Deposit Account No. 04-1105
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PATENTAPPLICATION FEE DETERMINAT
Jb XOXSubstitute for Form PTO-875 |

. APPLICATION AS FILED - PART t . OTHER THAN
; (Column 1) (Column 2) SMALL ENTITY

feces ||mem|eee|
po17 CFR 1.16(a), (b), of (c .

oeG7 CFR 1.1609, (, oF (m))

somes|(87 CFR 1.16(0}, (p), or (@))

antag[ATmae(37 CFR 1.16(1))

sreeom|anos=|(37 CFR 1.16(h)) minus 3 =
If the specification and drawings exceed 100
sheets of paper, the application size fee due

. is $250 ($125 for small entity) for each
G7 CFR 1.16(s)) additional 50 sheets or fraction thereof. See

_|35 U.S.C. 44(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()}

 
  
 

;

 
 
 

  

  
 

 
 

 
   

 
APPLICATION SIZE
FEE

 

  
 
 
 

TOTAL

 
* if the difference In column 1 Is tess than zero, enter "0" in column 2.

  OTHER THAN
SMALL ENTITY iN PPLICATION AS AMENDED — PARTII

(Column 41) (Column 2) (Column 3)
HIGHEST
NUMBER|PRESENT

PREVIOUSLY|EXTRA

 
 

CLAIMS
REMAINING

 AFTERAMENDMENT
Total ? “J

QTCER 1.160) 23|MerveOT|ae|
Independent =
Q7 CFR 1.16(h)) cr A &
Application Size Fee (37 CFR 1.16(s)) .

 

 
 

 

AMENDMENTA  FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM§(37 CFR 1.16())

TOTAL . C -ADO'L FEE

RATE($) ADDI- -TIONAL
. FEE ($ 

 

  

 

(Column 1) (Column 2) (Column 3)
HIGHEST
NUMBER   

  
 

 CLAIMS

  
RATE(8)

  
 

  TOTAL
ADD'L FEE

o REMAINING ADDL
LE "AFTER PREVIOUSLY TIONAL
> AMENOMENT FEE ($iw Total
=]G7 CFR 1.169) OR x =

——|giererens [esp PT)ow[2i QT CFR 1.16(h)) x, = OR
ss|Application Size Fee (37 CFR 1.16(5)) a neee< :

tnPd

* If the éntry in column1is fess than the entry in column 2, write °° In column 3.
** if the “Highest Number Previously Paid For" tN THIS SPACEis less than 20, enter “20°.

=** if the "Highest Number Previously Paid For" IN THIS SPACEIsless than3, enter “3”. .
“The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This coltection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending uponthe individual case. Any comments

- onthe amountof time you require to complete this form and/or suggestionsfor reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box.1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commisstoner for Patents; P.O. Box 1450, Alexandria, VA 22313-1450.

    

ffyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2
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Approved for use through 03/31/2007. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
equired to respondto a collection of information unless it disptays a valid OMB control number.

Examiner Name . .
' (to be usedforall correspondence after initial filing) Maria Marvich

ENCLOSURES(Checkall that apply)

[] Drawing(s)

[| Licensing-related Papers

[] Petition
Petition to Convert to a
Provisional Application

 
 

 

 
Reduction Act of 1995, no persons are

  
 
  

 
 
 
 

 TRANSMITTAL

FORM
 

  
   

 
 
 
 
 
 
 
 
 
 

 

  After Allowance Communication
toTc

Appeal Communication to Board of
Appeals and Interferences

 [| Fee Transmittal Form

[| Fee Attached
[| Amendment/Reply

[|After Final

[|Affidavits/declaration(s)

 
 
 

 
   

 
 
 Appeal Communication to TC

{Appeal Notice, Brief, Reply Brief)

[]Proprietary Information

[|Status Letter
Other Enclosure(s) (please
Identify below):

 
 
 
 

 

 
 

 
 

 
Powerof Attomey, Revocation
Change of Correspondence Address

 
 
 
 

[| Extension of Time Request [| Terminal Disclaimer
 
 
 

 Fee Transmittal Form

Charge $180.00 to Deposit Account
No. 04-1105

Return Receipt Postcard

[|Express Abandonment Request[|Request for Refund
 
 

 [x] information Disclosure Statement [| CD, Numberof CD(s)
 
 
 

Certified Copy of Priority [] Landscape Table on CDDocument(s)

 Reply to Missing Parts/
Incomplete Application 
 
 

 
 Reply to Missing Parts under

37 CFR 1.52 or 1.53

  SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

EDWARDS ANGELL PALMER & DODGE LLP 
Firm Name
 
 
 

 

 

 
 

 (vary Q : LOM 2.
December5, 2006

 
  

| hereby certify that this paper (along with any paperreferred to as being attached or enclosed)is being deposited with the U.S. Postal Service on
the date shown below with sufficient postage as First Class Mail, in an envelope addressed to: MS Amendment, Commissionerfor Patents, P.O.Box 1450, Alexandria, VA 22313-1450. - a - 1

Dated: December 5, 2006 signatureRL SOKAC Wow (Denise Kacinski) 
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U.S. Patent and Trademark Office; U.S. OEPARTMENT OF COMMERCE
equired to respond to a collection of information unlessit displays a valid OMB control number.

Complete if Known

Application Number

FEE TRANSMITTAL

For FY 2006 Maria Marvich

(160.00|Atorey Docatno,|64996(61590)

METHOD OF PAYMENT(check ail that apply)

[|Check [_|ereait Card [__|Money Order [| None [| Other(please identify):
[x] Deposit Account Deposit Account Number_04-1105 Deposit Account Name: Memorial Sloan-Kettering Cancer Center

For the above-identified deposit account, the Director is hereby authorizedto: (check all that apply)

[x]charge fee(s) indicated below [ charge tee(s) indicated below. except for the filing fee
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2. EXCESS CLAIM FEESSmallEntity
Fee Description Fee($) Fee($)
Each claim over 20 (including Reissues) 50 25
Each independentclaim over 3 (including Reissues) 200 100
Multiple dependent claims 360 180

Total Claims Extra Claims Fee ($) Fee Paid ($) Multiple Dependent Claims
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or enclosed)is being deposited with the U.S. Postal Service as First Class Mail,
on the date shown below in an envelope addressed to: MS Amendment,
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223 13-1450.
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(Denise Kacinski) (PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

usin re Patent Application of:
Michel Sadelainetal.

Application No.: 10/188,221 Confirmation No.: 9026

Filed: July 1, 2002 Art Unit: 1633

For: VECTOR ENCODING HUMAN GLOBIN Examiner: Maria Marvich
GENE AND USE THEREOFIN

TREATMENT OF

HEMOGLOBINOPATHIES

INFORMATION DISCLOSURE STATEMENT(IDS)

MS Amendment

Commissioner for Patents

P.O. Box 1450 ,

Alexandria, VA 22313-1450

Dear Sir:

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and

Trademark Office is hereby directed to the referenceslisted on the attached

PTO/SB/08. It is respectfully requested that the information be expressly considered

during the prosecution of this application, and that the references be made of record

therein and appear among the “References Cited” on any patent to issue therefrom.

This Information Disclosure Statementis filed after the mailing date ofthefirst

Office Action on the merits, whichever occursfirst, but before the mailing date of a Final

Office Action or Notice of Allowance (37 CFR 1.97(c)).

In accordance with 37 CFR 1.98(a)(2)(ii), Applicant has not submitted copies

of U.S. patents and U.S. patent applications. Applicant submits herewith copies of

foreign patents and non-patentliterature in accordance with 37 CFR 1.98(a)(2).

12/08/2065 HNGUYEN! G8808039 041165 16188221

Oi FC:1866 188.63 DA
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Application No.: 10/188,221 2 Docket No.: 64836(51590)

In accordance with 37 CFR 1.97(g), thefiling of this Information Disclosure

Statement shall not be construed to mean that a search has been madeorthat no other

material information as defined in 37 CFR 1.56(a) exists. In accordance with 37 CFR

1.97(h), thefiling of this Information Disclosure Statement shall not be construed to be

an admission that any patent, publication or other information referred to therein is

“prior art” for this invention unless specifically designated as such.

It is submitted that the Information Disclosure Statementis in compliance with

37 CFR 1.98 and the Examineris respectfully requested to considerthe listed

references.

Please charge our Deposit Account No. 04-1105 in the amount of $180.00

covering the fees set forth in 37 CFR 1.17(a)(1) and 1.17(p). The Director is hereby

authorized to charge any deficiencyin the fees filed, asserted to befiled or which

should have beenfiled herewith (or with any paper hereafterfiled in this application by

this firm) to our Deposit Account No. 04-1105, under Order No. 64836(51590).

Dated: December 5, 2006 Respectfully submitted,

 
EDWARDS ANGELL PALMER & DODGE

LLP

P.O. Box 55874

Boston, Massachusetts 02205
(203) 975-7505
Attorneys/Agents For Applicant
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PTO/SB/08A/B (09-06)
Approved for use through 03/31/2007. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a vad OMB control number,

10/188,221-Conf. #9026

duly 4, 2002

 
 

 
 

 Substitute for form 1449/PTO

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(Use as many sheets as necessary)

 
  
 Michel Sadelain

anunt «(1633

64836(51590)

 
  

     

 

Attomey Docket Number

U.S. PATENT DOCUMENTS
Pages, Columns, Lines, Where

Name of Patentee or Relevant Passages or Relevant
Applicant of Cited Document Figures Appear 

 
 FOREIGN PATENT DOCUMENTS

ig Publication i
Examiner|Cite Foreign Patent Document Nameof Patentee or panes,Columns. coaoes
Iniials* No.’|Country Code?-Number“-Kind Code® (if known)|MM-DD-YYYY Applicant of Cited Document or Relevant Figures Appear

Pe
“EXAMINER:Initia! if reference considered, whether or not citation is in conformance with MPEP 609. Draw line throughcitation if not in conformance and not
considered. Include copy of this form with next communication to applicant. * Applicant's unique citation designation number(optional). * See Kinds Codesof
USPTO Patent Documents at vvew.uspto.gov or MPEP 901,04. ? Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). “For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the sarial number of the patent document. 5 Kind of document
by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° applicant is to place a check mark here if English languageTranslation is attached.

 
 
 
     
  

   

magazine, joumal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher,city
and/or country where published.

CA GATLINet al. "In Vitro Selection of Lentivirus Vector-Transduced Human CD34+ Cells.”

Examiner
Initials

| Human Gene Therapy 11: 1949-1957 (2000
poCB |SADELAIN "Genetic Treatment of the Haemogloinopathies Recombinations and New

Include nameof the author (in CAPITAL LETTERS), title of the article (when appro priate), title of the item (book,
No.'

Combinations." British Journal of Haematology 98: 247-253 (1997

cc TISDALEetal. "Towards Gene Therapyfor Disorders of Golbin Synthesis." Seminars in
Hematology 38:4 382-392 (2001

||CD |RIVELLA etal. "Globin Gene Transfer: a Paradigm for Transgenic Regulation and Vector." Gene Therapy and Regulation 00:0; 1-27 (2003

||CE  |SADELAINetal. Issues in the Manufacture and Transplantation of Genetically ModifiedHematopoietic Stem Cells." Current Opinion in Hematology 7: 364-377 (2000

 
“EXAMINER:Initial if reference considered, whether or notcitation is in conformance wilh MPEP 609. Draw line throughcitation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

‘Applicant's unique citation designation number (optional). 7Applicant is to place a check mark hereif English language Translation is attached.

 

Sianature Considered220499
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\ A Application No.(if known): 10/188,221 Attorney Docket No.: 64836(51590)

Certificate of Mailing Under 37 CFR 1.10

| hereby certify that this correspondence is being deposited with the United States Postal Service as
First Class mail in an envelope addressedto:

MS Amendment
Commissionerfor Patents
P.O. Box 1450
Alexandria, VA 22313-1450

December5, 2006
Date

Deu8SWCaci nom
Signature

Denise Kacinski

Typed or printed nameof person signing Certificate

(203) 975-7505
Registration Number, if applicable Telephone Number

Each paper must haveits owncertificate of mailing, or this certificate must identify
each submitted paper.

Information Disclosure Statement (IDS)
IDS Form PTO SB-08 (5 References)
Charge $1800.00 to Deposit Account No. 04-1105 
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UNITED STATES PATENT AND TRADEMARK OFFICE j
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office f 1Address: COMMISSIONER FOR PATENTSP.O. Box 1450

Alexandria, Virginia 22313-1450Www.USpLO. gov

  
APPLICATION NO. FILING DATE , FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATIONNO,

10/188,221 07/01/2002 Michel Sadelain 64836(51590) 9026

21874 7590 03/12/2007 .

EDWARDS & ANGELL, LLP EXAMINER
P.O. BOX 55874 MARVICH, MARIA

BOSTON, MA 02205 -

1633

SHORTENED STATUTORYPERIOD OF RESPONSE MAIL DATE DELIVERY MODE

3 MONTHS 03/12/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

If NO period for reply is specified above, the maximum statutory period will apply and will expire 6 MONTHS
from the mailing date of this communication.

PTOL-90A (Rev. 10/06)
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Application No. Applicant(s)

10/188,221 SADELAIN ETAL.

Office Action Summary Examiner Art Unit
 

Maria B. Marvich, PhD 1633

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,-

WHICHEVER 1S LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensionsof time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, maya reply betimely filed
after SiX (6) MONTHSfrom the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)] Responsive to communication(s)filed on 30 November 2006.
2a)X] This action is FINAL. 2b)C] This actionis non-final.

3)L] Sincethis application is in condition for allowance exceptfor formal matters, prosecution as to the merits is
closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) Claim(s) 1-18 and 43-47 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration. .

5)L] Claim(s) 1-18 and 43-47 is/are allowed.

6)X] Claim(s is/are rejected.) ,

7) Claim(s) is/are objected to.
)8)L] Claim(s are subjectto restriction and/or election requirement.

| Application Papers

9)L) The specification is objected to by the Examiner.
10)C] The drawing(s)filed on is/are: a)[(_] accepted or b)] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacementdrawing sheet(s) including the correction is required if the drawing(s)is objected to. See 37 CFR 1.121(d).

1) The oath or declarationis objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119
12)[J Acknowledgmentis madeof a claim forforeign priority under 35 U.S.C. § 119(a)-(d)or(f).

a)LIAll b)L_] Some * c)L] Noneof:

1.1] Certified copies of the priority documents have beenreceived.
2.01 Certified copies of the priority documents have been received in Application No.
3.01 Copiesof the certified copies of the priority documents have beenreceivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office actionfora list of the certified copies not received.

Attachment(s)

+X] Notice of References Cited (PTO-892) 4) CT Interview Summary (PTO-413)
2) C1 Notice of Draftsperson’s Patent-Drawing Review (PTO-948) ; Paper No(s)/Mail Date. ___
3) EX] Information Disclosure Statement(s) (PTO/SB/08) 5) (_] Notice of Informal Patent Application

Paper No(s)/Mail Date 12/8/06. 6) (J other:

 
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary _ Part of Paper No./Mail Date 20070226
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Application/Control Number: 10/188,221 Page 2

Art Unit: 1633

DETAILED ACTION

Anyrejection of record in the previous action not addressed inthis office action is

withdrawn. There are no new groundsofrejection herein and therefore, this action is final.

Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

Thespecification shall conclude with one or moreclaimsparticularly pointing out and distinctly claiming the
subject matter, which the applicant regards as his invention.

Claims 1-18 and 43-47 are rejected under 35 U.S.C. 112, second paragraph,as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention. This rejection is a new rejection necessitated by

applicants’ amendmentfiled 6/30/05.

Claims 1 and 45 are vague andindefinite in that the metes and boundsofthe recitation of

specific restriction fragments, which are inherent in the plasmid TNS9are unclear. The claims

recite that the HS2, HS3 and HS4 regions or portions are various cleavage fragments, which
implies that there is a reference sequenceor specific source for the B-globin LCR DNA required

to practice the claimed invention. However, there is no reference sequence or source sequence

provided. Hence the metes and boundsofthe recited regions and corresponding vector TNSO are
unclear.

Claim Rejections - 35 USC § 112

The following is a quotation ofthe first paragraph of 35 U.S.C. 112:

The specification shall contain a written description ofthe invention, and of the manner andprocess of making
and usingit, in such full, clear, concise, and exact termsas to enable any person skilled in the art to which it
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Application/Control Number: 10/188,221 Page 3
Art Unit: 1633

pertains, or with whichit is most nearly connected, to make and use the sameandshall set forth the best mode
contemplated by the inventor of carrying out his invention.

Claims 1-18 and 43-47 are rejected under 35 USC 112, Ist paragraph,as failing to

comply with the enablement requirement. The claim(s) contains subject matter, which ‘was not

described in the specification in such a wayas to enable oneskilled in the art to which it pertains,

or with whichit is most nearly connected, to make and/or use the invention. This rejection is a

new rejection necessitated by applicants’ amendmentfiled 6/30/05.

The test of enablement is whetherone skilled in the art could make and usethe claimed

invention from the disclosures in the patent coupled with information knownin the art without

undue experimentation (United States v. Telectronics, Inc., 8 USPQ2d 1217 (Fed. Cir. 1988)).

Whether undue experimentation is required is not based on a single factor butis rather a

conclusion reached by weighing manyfactors (See Exparte Forman, 230 USPQ 546 (Bd.Pat.

App. & Inter, 1986) and In re Wands, 8USPQ2d 1400 (Fed. Cir. 1988); these factors include the
following:

1) Nature of invention. The instant claims are drawn to recombinant vectors comprising

a nucleotide sequence encoding a functional globin and essential elements from the B-globin

LCR.

2) Scopeof the invention. The scopeofthe invention is unclearin that the B-globin

LCRis disclosed and recited to consist of an 840 bp fragment of HS2 extending between SnaBl

and BstXIrestriction sites, a 1309 bp fragment of HS3 extending between HindIII and BamHI

restriction sites and a 1069 bp fragment of HS4 extending between BamHIandBanllrestriction

sites. The specification fails to specify the details of the fragments suchthat oneof skill in the

art can producethe recited vectors. More particularly, claims 1-14 and 43-47 are drawn to or
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Application/Control Number: 10/188,221 Page 4
Art Unit: 1633

encompassuse of specific LCR fragments used to drive expression of globin coding sequence.

Assuch,this application discloses vectors that are encompassed bythe definitions for biological

material set forth in 37 C.F.R. 1.801. Because it is apparent that this biological material is

essential for practicing the claimed invention, it must be obtainable by a reproducible method set

forth in the specification or otherwise. be known andreadily available to the public as detailed in

37 C.F.R. 1.801 through 1.809.

3) Numberof working examples and guidance. The specification discloses only two

recombinantlentiviral vectors, TNS9 and dTNS9-PD. TNS9 vectoris said to incorporate -618

to +2484 of the human B-globin gene and encompassesthe coding sequence and an extended

portion of the promoter and enhancerregion as well as large portions of the LCR of b-globin.

These large portions are said to be the same as those in dTNS9-PD,which further comprises a

deletion in the LTR and includes a PGK promoter from the murine phosphoglycerate kinase 1

gene and a mutant DHFRregion with a mutation at amino acid 22. The LCR regionin both is

said to consist of an 840 bp fragment of HS2 extending between SnaBl and BstXIrestriction

sites, a 1309 bp fragment of HS3 extending between HindIII and BamHIrestriction sites and a

1069 bp fragment of HS4 extending between BamHIand Banll restriction sites. However, there

is no disclosure of a reference sequence to generate the recited restriction fragments.

4) State of the art. Direct support for the LCR regions of TNS9 and dTNS9 from the

specification is limited to teaching that the LCR region has been obtained from a vector M B6L

found in Sandelain et al, PNAS, 1995). However, these teachings do not provide any indication

of the sequence, source or organism from which the LCRis obtained. As well, Sandelain did not
teach the LCR regions comprising a 1309 bp fragment of HS3 extending between HindIII and

Page 274 of 547



Page 275 of 547
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Art Unit: 1633

BamHIrestriction sites and a 1069 bp fragment of HS4 extending between BamHIand Banll

restriction sites. Applicants havestated on pages 7 and 8 of the amendmentfiled 11/30/06, “ The

sequence information and location of the hypersensitive sites was knowninthe art at the time

that the instant application wasfiled (see GenBank Accession Number NG000007 for exemplary

sequence information) which was available to the public before the earliest filing date of the

present application. Accordingly, sequence information providing the location ofthe restriction

sites within the LCR was readily accessible to one skilled in the art using conventional sequence

analysis techniques. In response to the Examiners’ inquiry, the precise location of the restriction

sites are summarized: the SnaBI and BstXIrestriction sites of HS2 are located atpositions

17,093 and 16,240, respectively; the BamHIand HindllIIrestriction sites of HS3 are located at

positions 12,065 and 13,360, respectively; and the BamHI and BanlIIrestriction sites of HS4 are

located at positions 8,496 and 9,576, respectively.” . |
5) Unpredictability of the art. The MPEPteaches, “However, claims reading on

significant numbers of inoperative embodiments would render claims non-enabled when the

specification does not clearly identify the operative embodiments and undue experimentation is

involved in determining those that are operative. Atlas Powder Co. v. E.I. duPont de Nemours &

Co., 750 F.2d 1569, 1577, 224 USPQ 409, 414 (Fed. Cir. 1984); In re Cook, 439 F.2d 730, 735,

169 USPQ 298, 302 (CCPA 1971). (see MPEP 2164.08(b).

| It is unclear that the fragments recited in claims 1-14 and foundin the vector recited in

claims 43-47 wereor will be readily available to the public or that the written instructions are

sufficient to reproducibly construct this biological material from starting materials known and

readily available to the public. Therefore, in order for a deposit to meet all criteria set forth in 37
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C.F.R. 1.801 through 1.809, Applicant or Assignee must provide assurance of compliance with

provisions of 37 C.F.R. 1.801-1.809 in the form of a declaration or Applicant’s representative

must provide a statement. The content of such a declaration or statement is suggested by the

encoded attachment. Because such deposit wil! not havebeen madepriorto the effective filing

date of the instant application, Applicantis required to submit a verified statement from a person

in a position to corroborate the statementthat the biological material which had been depositedis

the biological material specifically identified in the applicants as filed (37 CFR 1.804). Such a
statement need not beverified if the person is an agentor attorney registered to practice before

the Office. Applicantis also reminded that the specification must contain reference to the

deposit, including deposit (accession) number, date of deposit, name and address of the

depository, and the complete taxonomic description.

Specifically, TNS9 and dTNS9arelentivirusin which the B-globin gene is expressed

under control of a region consisting of an 840 bp fragment of HS2 extending between SnaBl and
BstXIrestriction sites, a 1309 bp fragment of HS3 extending between HindIII and BamHI

_Testriction sites and a 1069 bp fragment of HS4 extending between BamHI and Banll restriction

sites. However, a reference sequenceto generate these fragments is not provided forin the

specification such that a person ofskill in the art would be able to make andhence use the

recited recombinant vectors. Applicants argue that the locationof the restriction sites were well

known in the art and point to GenBank Accession Number NG_000007 in which the HS2sites

are found at 17,093 (SnaBI) and 16,240 (BstX1),the HS3 sites are found at 12,065 (BamHI) and

13,360 (HindIII) and the HS4sites are found at 8,496 (BamHI) and 9576 (BanlI). However, a

search ofthe sequencelisting from May 2001 (attached) did not demonstrate that the recited

Page 276 of 547



Page 277 of 547

Application/Control Number: 10/188,221 Page 7
Art Unit: 1633

restriction sites could be identified at the locations applicants have provided. Nonetheless,

should support be found in a sequence, there is no mention of this sequencein the specification

and as such the LCRis not even limited in origin.

This rejection can be overcome by making a deposit of TNS9.

6) Amountof Experimentation Required. Given the lack of guidance in the

specification, the specific nature of the fragments and vectors recited and the highly

unpredictable nature of the art of determining whereto isolate the recited fragments,it is

concludedthat a personofskill in the art would have had to conduct undue experimentationin

order to practice the claimed invention.

Conclusion

Applicant's amendmentnecessitated the new ground(s) ofrejection presentedin this

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).

Applicant is remindedof the extensionoftime policyas set forth in 37 CFR 1.136(a).

A shortenedstatutory period for reply to this final action is set to expire THREE

MONTHSfrom the mailing date of this action. In the eventafirst reply is filed within TWO

MONTHSofthe mailing date ofthis final action and the advisory action is not mailed until after

the end of the THREE-MONTHshortenedstatutory period, then the shortened statutory period

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,

however, will the statutory period for reply expire later than SIX MONTHSfrom thedateofthis

final action.
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Any inquiry concerning this communicationor earlier communications from the

examiner should be directed to Maria B. Marvich, PhD whosetelephone number is (571)-272-

0774. The examiner can normally be reached on M-F (7:00-4:00).

If attempts to reach the examiner by telephoneare unsuccessful, the examiner’s

supervisor, Joseph Woitach, PhD can be reached on (571)-272-0739. The fax phone numberfor

the organization wherethis application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

maybeobtained from either Private PAIR or Public PAIR. Status information for unpublished

applicationsis available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on accessto the Private PAIR

system, contact the Electronic Business Center (EBC)at 866-217-9197 (toll-free).

Maria B Marvich, PhD
Examiner

Art Unit 1633

Septdue
SCOTT D. PRIEBE, PH.D

PRIMARY EXAMINER
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Dates in MM-YYYY format are publication dates. Classifications may be USorforeign.
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Docket No.: 64836(51590)
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Patent Application of.
Michel Sadelain etal.

Application No.: 10/188,221 Confirmation No.: 9026

Filed: July 1, 2002 Art Unit: 1633

For: VECTOR ENCODING HUMAN GLOBIN Examiner: M. Marvich
GENE AND USE THEREOFIN

TREATMENT OF

HEMOGLOBINOPATHIES

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT(IDS)

MS AF

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

In accordance with 37 CFR 1.97, Applicant(s) hereby make of record the

following additional document. A PTO Form SB/08 anda full copy of the document

required under 37 CFR 1.98(a)(2) accompanythis statement.

Applicant(s) have become aware of the following document, cited ina

European Examination Report issued July 9, 2007, during the prosecution of European

Patent Application No. 02749753.6, which corresponds to the above referenced
application, and in accordance with 37 CFR 1.97(c) and (e)(1) or (b)(3), hereby

submit(s) this document for the Examiner's consideration. This documentis cited on

the enclosed PTO Form SB/08, and a copy of the European Examination Report and of

the document required under 37 CFR 1.98(a)(2) cited thereon are enclosed as well.

This statementis not to be interpreted as a representation that the cited

documentis material, that an exhaustive search has been conducted, or that no other

relevant information exists. Nor shall the citation of any document herein be construed

08/02/2007 HVUONG1 060000054 041105 10184221
01 FC:1806 180.00 DA233077
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per se as a representation that such documentis prior art. Moreover, Applicant(s)

understand(s) the Examiner will make an independent evaluation of the cited document.

This Information Disclosure Statementis filed after the mailing date of a Final
Office Action or Notice of Allowance, whichever occurredfirst, but on or before payment

of the Issue Fee (37 CFR 1.97(d)). Applicant(s) hereby petition(s) that the Information

Disclosure Statement be considered.

| hereby certify, pursuant to 37 CFR 1.97(e)(1), that each item of information

containedin this Information Disclosure Statement wasfirst cited in any communication

from a foreign patent office in a counterpart foreign application not more than three

months prior to thefiling of this Information Disclosure Statement.

Furthermore, in accordance with 37 CFR 1.704(d), Applicant(s) note(s) that to

our knowledge this communication was not received by anyindividual designatedin

1.56(c) more than thirty dayspriorto thefiling of this statement.

Please charge our Deposit Account No. 04-1105 in the amount of $180.00

covering the fee set forth in 37 CFR 1.17(p). The Director is hereby authorized to

charge any deficiencyin the fees filed, asserted to be filed or which should have been

filed herewith (or with any paper hereafterfiled in this application by this firm) to our

Deposit Account No. 04-1105, under Order No. 64836(51590). A duplicate copy ofthis

paperis enclosed.

Dated: July 31, 2007 Respectfully submitted,

Marina Heusch

Registration No.: 47,647
Peter C. Lauro

Registration No.: 32,360
EDWARDS ANGELL PALMER & DODGE

LLP

P.O. Box 55874

Boston, Massachusetts 02205
(203) 353-6840
Attorneys/Agents For Applicant
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Country Code®-Number"-Kind Code® (ifknown)|MM-DD-YYYY Applicant of Cited Document Or Relevant Figures Appear
 

“EXAMINER:Initial if reference considered, whetheror not citation is in conformance with MPEP 609. Drawline through citation if not In conformance and not
considered. Include copy ofthis form with next communication to applicant. ' Applicant's uniquecitation designation number(optional). ? See Kinds Codesof
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the seria! number of the patent document. 5 kind of document
by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if English languageTranslation is attached.

NON PATENT LITERATURE DOCUMENTS

Examiner Include nameofthe author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
Initials” No.’ magazine, journal, serial, symposium,catalog,etc.), date, page(s), volume-issue number(s), publisher,city

I|
and/or country where published.

ZUFFEREYetal., “Self-Inactivating Lentivirus Vector for Safe and Efficient In Vivo Gene

*EXAMINER:Initial if reference considered, whetheror not citation is in conformance with MPEP 609. Drawline throughcitation if not in conformance and not
considered. Include copy of this form with next communication to applicant. .

   
 

      Delivery”, Journal of Virology, Dec. 1998, Vol. 72, No. 12, pp. 9873-9880.    

‘Applicant's unique citation designation number (optional). 7Applicantis to place a check mark hereif English language Translation is attached.

Sianature Considered
233076
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erson are required to respond to a collection of information unlessit displays a valid OMB control number.

Complete if Known

10/188,221-Conf. #9026

FEE TRANSMITTAL July 1, 2002
Michel Sadelain

For FY 2007

(180.00 64836(61580)

METHODOF PAYMENT(checkall that apply)

[Check[]Credit Card [|Money Order [| None[]Other(please identify):
Deposit Account Deposit Account Number: 04-1105 Deposit Account Name: Memorial Sloan-Kettering Cancer Center

  

 
 
 

Inder the Paperwork Reduction Act of 1995, no p 
 

 
 

Effective on 12/08/2004,
Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).

 
  
 

   

 

 
    

  
  
  
 

  

 

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

[x] Chargefee(s)indicated below [] Charge fee(s)indicated below, exceptforthefiling fee
Chargeany additional fee(s) or underpaymentsof [x] Credit any overpaymentsfee(s) under 37 CFR 1.16 and 1.17

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES

 

 

  

 

    
  

  
  
  
  
  
  
  
  
 
 
  

FILING FEES SEARCH FEES EXAMINATION FEES
Smail Entity Small Entity Smail Entity

Application Type Fee ($) Fee (5) Fee Foe ($) Fee Fea ($)} Fees Paid ($)

Utility 300 150 400 250 200 100
Design 200 100 100 50 130 65
Plant 200 100 300 150 160 80

Reissue 300 150 500 250 600 300

Provisional 200 100 0 0 0 0
2. EXCESS CLAIM FEESSmallEntity

Fee DescriptionFee($)Fee(3)
Each claim over 20 (including Reissues) 50 25
Each independent claim over3 (including Reissues) 200 100
Multiple dependent claims 360 180

Total Claims Extra Claims Fee ($) Fee Paid ($) Multiple Dependent Claims
-= x =Fee($)FeePaid($)

HP = highest numberoftotal claims paidfor,if greater than 20.

indep. Claims Extra Claims Fee ($) Fee Paid ($)= x 

HP = highest numberof independentclaimspaid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excludingelectronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $250 ($125 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
 

 
 
 

Total Sheets Extra Sheets Numberof each additional $0 or fraction thereof Fee ($) Fee Paid ($)
- 100 = {50 = (round up to a whole number) x =

4. OTHER FEE(S) Fees Paid ($)
Non-English Specification, $130 fee (no small entity discount)

Other(e.g., late filing surcharge): 1806 Submission of an Information Disclosure Statement 180.00

[SUBMITTEDBYA,>7wanypWien) »)TCSf ACS fe Py \ 4
signature|WACRV TKOZRREA_[RreaisrstionNo: 47,647 [Tetepnone (203) 353-6840
 

233078
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Application No. (if known): 10/188,221 Attorney Docket No.: 64836(51590)

  
Certificate of Mailing under 37 CFR 1.8

| hereby certify that this correspondenceis being deposited with the United States Postal Service
with sufficient postage asfirst class mail in an envelope addressedto:

Mail Stop AF
Commissionerfor Patents
P.O. Box 1450
Alexandria, VA 22313-1450

on July 31, 2007 .
Date

DhChoRO
Signature

Deborah Clark

Typed or printed name of person signing Certificate

(617) 439-4444
Registration Number,if applicable Telephone Number

Each paper must haveits own certificate of mailing, or this certificate must identify
each. submitted paper.

Fee Transmittal (1 page)
IDS (Citation) by Applicant (1 Reference) (1 page)
Supplemental Information Disclosure Statement (2 pages)
Charge $180.00 to deposit account 04-1105
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UNITED STATES PATENT AND TRADEMARKOFFICE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O, Box 1450
Alexandrin, Virginia 22313-1450
www.uspto.gov

 
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO, CONFIRMATION NO.

10/188,221 07/01/2002 Michel Sadelain , 64836(5 1590) 9026

21874 7590 08/10/2007
EDWARDS ANGELL PALMER & DODGELLP
P.O. BOX 55874 MARVICH, MARIA

BOSTON, MA 02205 ART UNIT PAPER NUMBER

1633

MAIL DATE DELIVERY MODE

08/10/2007 PAPER

’ Please find below and/orattached an Office communication concerning this application or proceeding.

Thetimeperiodforreply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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. ry UNITED STATES DEPARTMENT OF COMMERCE
4 : ,|Patent and Trademark OfficeAddress: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

loliggzzi Samdl a Lain :

 

Maur Add,

{4 33
DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant's representative, PTO personnel):

airyboabogwJoeWord
4/25 lotDate of interview

Type: Gelephonic ©bersonal (copy is given to o<optican C applicant's representative).
Exhibit shown or demonstration. conducted: Yes 1 No.If yes, brief description: 
  
Agreement (] was reached with respect to someorall of the claims in question. cr\vas not reached.

Claims discussed: 

Identification of prior art discussed: 

 

Description of the general nature of what was agreedto if an agreement was reached,or any other. comments:

 

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would renderthe claims allowable must be
attached. Also, where no copy of the amendments which would renderthe claims allowable is available, a summary thereof must be attached.)

(1. Itis not necessary for applicant to provide a separate record of the substance ofthe interview.

Unless the paragraph below has been checkedto indicate to the contrary, AFORMAL WRITTEN RESPONSETO THE LAST OFFICE ACTION IS NOT
WAIVED AND MUST INCLUDE THE SUBSTANCEOF THE INTERVIEW (e.g., items 1-7 on the reverseside ofthis form). if a responseto the last Office
action has already beenfiled, then applicantis given one month from this interview date to provide a statementof the substanceofthe interview.

C1 2. Since the examiner's interview summary above (including any attachments) reflects a compiete response to eachof the objections, rejections and
"requirements. that may be present:in the last Office:action, and since the claims are now allowable;this. completed form is consideredtofulfill the

response requirements ofthe last Office action. Applicantis not relieved from providing a separate record of the substance ofthe interview unless
box 7 aboveis also checked. * je i

WWWaa
PTOL-413 (REV. 2 -93) Examiner's Signature

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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Summary of Record of Interview Requirements

Manualof Patent Examining Procedure (MPEP), Section 713.04, Substance of (nterview Must be Made of RecordA complete written statementasto the subslance of any face-to-face, video conferencg,of telaphone Interview with regard (o an application must be madeof record In the
application whather or not an agreament wilh the examiner was reached at tho Interview.

Title 87 CodeofFederal Regulations (CFR) § 1.183 Interviews
; Paragraph (b)(n avary Instance where reconsideration is requested In view of an Interview with an examiner, a comptete weitten atatemant of the reasons presented at the interview aswarranting favorable ection must be fled by the applicant. An interview does not remove the necessity forcapty to Ofllee action as epeoified tn §§ 1.011. 4,135. Q@5U.SC. ¢32)

37 OFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Offica choufd be transacted In writing. The personal attandance of appticante ortheir attorneys or agents at the Patent andTrademark Offioa is unnacassary. The action of tha Patent and Trademark Office will bo based exclusively on the written recordin the Office. No attention will be pald to
any alleged orat promise, stipulation, or understandingin relation to whioh there is disagreamentor doubt. 

The action of the Patent and Trademark Office cannot be based exctusively on the wiitten recordIn the Office if that record is itself
incomplete through the fatlure to record the substance ofInterviews.{tls the responsibility of the applicantartheattorney or agent to make the substance of an Interview of record In the application file, untessthe examinerindicates he or che will do Go. ft fs the examiner's responsiblity to sae that euch a record Is made andto correct material Inaccuracies
which beardirectly on the quastion of patentability.Examinars must complete an Interview Summary Farm for each interview held where a matter of substance has been discussed during the
interview by cheoking the appropriate boxes andfilling in the blanks. Discussions regarding only procedural matters, directed solelyto restrictionrequirements for which intarviaw recordation (s otherwise provided for in Section 612.01 of the Manual of Patent Examining Procedure, or pointingout typographical errors or unreadable seript [n Office actionsor the like, are excluded from the titerview reoordation procedures below. Where thesubstanceofan interview Is completaly recordedIn an Examiners Amendment, no separate tntarviaw Summary Record ts raquired.

The Interview Summary Form shall be given an appropriate Paper No., placedin the right hand portion of thefile, andtisted on the
“Contents” section of the file wrapper. th a personal interview, a duplicate of the Form is givento the applicant (or attorney or agent) at theconotuston of the interview. In the case of a telaphoneor video-conference interview, the copy is maltedto the applicant's correspandence address
elther with or prior to the next official communication. (f additional correspondencefrom the examinerIs not likely before an allowanceor If other
clrournstanoasdictate, the Form should be mailed promptly after the interview rather than with the next offiotal communteation.

The Form grovides for recordation of the following infarmation:
- Application Number (Series Code and Serial Number)
- Name of appticant
— Nameof examiner
- Date ofinterview
- Typeofinterview (telephonic, video-conference, or personal)
- Name ofpartloipant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
_ Anindication whether or not an axhiblt was shown or a'demonstration conducted
- Anldentification af the speolfic prior art discussed
~ Anindication whether an agreement was reached andIfso, a description of the general nature of the agreement(may be by

attachmentof a copy of amendments orclaims agreed as being aflowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examinerto the contrary.

- The signature of the examiner who conducted the interview (if Form Is not an attachmentto a signed Office action)
{t is desirable that the examiner orally remind the applicantof his ar her obligation to record the substance of the interview of each case.{t

should be noted, however, that the Intarview Summary Form will not normally be considered a complete and proper recordation of the interview
untassIt Includes, or {s supplemented by the applicant or the examiner to include,all ofthe applicable (tems required below concerning the
substanceof the interview. a

A complete and proper recardation of the substance of any interview should include at {east the following applicable items:
{) A brief desoription of the nature of any exhibit shown or any demonstration conducted,
2) an (dentificationof the ofalms discussed,
9) an {dentification of the specific priorartdisoussad, « - .4) an Identificationof the principal praposed atnendments of a substantive nature discussed, unless these are already described on the

interview Summary Form completed by the Examiner,
5) a briefidentification of the general thrustof the principal arguments presented to the examiner,(TheIdantification of arguments need not be fangthy or elaborate. A verbatim or highly detalied description of the argumanteIs not

cequired, The (dentification of the arguments (s euffictent (f the general nature or thrust of the principal arguments made to theexatniner can be understoodIni the context ofthe applicationfile. Of course, the applicant may desire to emphasizeandfully
desoribe those arguments which he or she feels ware or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and7) if appropriate, the general results or outcome of the Interview unless already dascribed In the Interview Summary Form completed by
the examiner.

Examiners are expeoted to carefully reviaw the applicant's record of the substanceof an Interview. If the record is not complete and
accurate,the examinerwill give the applicant an extendable one manth time pertodto corract the racord.

€xaminer to Check for Accuracy

Ifthe claims are allowable for otherraasansof record, the exatniner should send a letter setting forth the examiner's verelan of thestatement attributed to him or her. ifthe record is complete and acourate, the examiner should place theIndication, “Interview Record OK" on the
paperrecording the substance of the interview along with the date and the examiner's initials.
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Reauest Application Number 10/188,221-Conf, #9026
° [tingDate|July1,202,Continued Examination (RCE) [Filing Bate 1, 2002

Transmittal First Named Inventor Michel Sadelain
Addressto:
Mail Stop RCE Art Unit 1633
0. B .

Alexandra,VA 22313-1450 Examiner Name M. Marvich
Attorney Docket Number|64836(51590

This is a Requestfor Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to anyutility or plant application filed prior to June
8, 1995, or to any design application. 

1. | Submission required under 37 CFR 1.114|Note: If the RCEis proper, any previously filed unentered amendments and
amendments enclosed with the RCE will be entered in the orderin which they were filed unless applicantinstructs otherwise. !f
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such
amendment(s).

a. Previously submitted. If a final Office action is outstanding, any amendmentsfiled after the final Office action
maybe considered as a submission evenif this box is not checked.

[|Consider the arguments in the Appeal Brief or Reply Brief previouslyfiled on
ii. [_Jother

b. Enclosed

Amendment/Reply : iii. [| Information Disclosure Statement (IDS)
[x] Affidavit(s)/Declaration(s) iv. Other Notice of Appeal

2.|Miscellaneous

a. [| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c)fora
period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

b. [| Other
3. The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCEis filed.

 

a. The Director is hereby authorized to charge the following fees, any underpaymentof fees, or credit any

overpayments to Deposit Account No. 04-1105 . [have enclosed a duplicate copy of this sheet.

RCEfee required under 37 CFR 1.17(e)

ii. Extension of time fee (37 CFR 1.136 and 1.17)

iii. [| Other
b.[| Checkin the amountof $ enclosed 10188221

 
Cc.[| Paymentby credit card (Form PTO-2038 enclosed)

{<9ATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED7

FName(PrinvType)| PeterC. (euro 32,360

! hereby certify thatthis paper (along with any paperreferred.ta as being attached or enclosed) is being deposited with the U.S. Postal Service as

Dated: September 12, 2007 i \ LLL (Peter C. Lauro)

09/13/2007FRETERT100000066041105
O1FC:2801 
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PTO/SB/22 (04-07)
/ ; Approvedfor use through 09/30/2007. OMB 0651-0031A) N / U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

der the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessif displays a valid OMB control number.

ON FOR EXTENSION OF TIME UNDER37 CFR 1.136(a)[|Docket Number(Optional)
? FY 2006 64836(51590)

*" (Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).)
Application Number 10/188,221-Conf. #9026 Filed July 1, 2002

VECTOR ENCODING HUMAN GLOBIN GENE AND USE THEREOF IN TREATMENT OF
HEMOGLOBINOPATHIES

Art Unit 1633 . Examiner M. Marvich

This is a request underthe provisions of 37 CFR 1.136(a) to extend the periodforfiling a reply in the above
identified application.

The requested extension andfee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee

[__] One month (37 CFR 1.17(a)(1)) $120 $60
[__] Two months (37 CFR 1.17(a)(2)) $450 $225

Three months(37 CFR 1.17(a)(3)) $1020 $510

[__] Four months (37 CFR 1.17(a)(4)) $1590 $795
[__] Five months (37 CFR 1.17(a)(5)) $2160 $1080
Applicant claims small entity status. See 37 CFR 1.27.

[| A checkin the amountof the fee is enclosed.
[_] Paymentbycredit card. Form PTO-2038is attached.

The Director has already been authorized to chargefeesin this application to a Deposit Account.

The Director is hereby authorized to charge any fees which maybe required, or credit any overpayment, to
Deposit Account Number 04-1105 . | have enclosed a duplicate copy of this sheet.

| am the [| applicant/inventor.
[] assignee of record of the entire interest. See 37 CFR 3.71.

Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

attorney or agent of record. Registration Number 32,360

. September 12, 2007
Signature Date

Peter C. Lauro (617) 517-5509
Typed or printed name Telephone Number

NOTE:Signaturesof all the inventors or assigneesof record of the entire interest or their representative(s) are required. Submit multiple forms if more
than one signature is required, see below. 
[| Total of 1 forms are submitted.

<xoa
aoS
s—
wa

| hereby Rant that this paper (along with any paperreferfed to as being attached or engleged) is being deposited with the U.S. Postal Service as
‘ Y d ea

Dated: September 12, 2007 i & (Peter C. Lauro) G3ou

ea1wees
cuoS
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 FEE TRANSMITTAL

For FY 2007

TOTAL AMOUNT OF PAYMENT|(8) 1,155.00 64836(51590)

METHOD OF PAYMENT(checkall that apply)

[|Check [] Credit Card[|Money Order [| None [| Other(pleaseidentify):
Deposit Account Deposit Account Number: 04-1105 Deposit Account Name: Memorial Sloan-Kettering Cancer Center

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

Charge fee(s) indicated below [| Charge fee(s) indicated below, except for the filing fee
Charge any additional fee(s) or underpayments of [x]Credit any overpaymentsfee(s) under 37 CFR 1.16 and 1.17

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES

nee Effective on 12/08/2004.
Tfées pursuantto the Consolidated Appropriations Act, 2005 (H.R. 4818).

 

  
 
 

 
 
 
 

 
 

  

  
 
 

    
   

  
  
  
  
  

  
   

  

FILING FEES SEARCH FEES EXAMINATION FEES
Application Type Fee ($) sma FeeSmallGot Fee ($) ae Fees Paid ($)
Utility 300 150 500 250 200 100
Design ‘ 200 100 100 50 130 65

Plant : 200 100 300 150 160 80

Reissue 300 © 150 500 250 600 300

Provisional 200 100 0 0 0 0

2. EXCESS CLAIM FEESSmallEntity
Fee DescriptionFee($)Fee(S$)

Each claim over 20 (including Reissues) 50 25
Each independentclaim over 3 (includirig Reissues) 200 100
Multiple dependent claims 360 180

Total Claims Extra Claims Fee (5) Fee Paid ($) Multiple Dependent Claims
22 -47= x = :Fee($) Fee Paid ($)  

 HP = highest numberoftotal claims paid for,if greater than 20.

Indep. Claims Extra Claims Fee ($) Fee Paid ($)
1 -3= x =

HP = highest numberofindependentclaims paid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $250 ($125 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

 

   
  
  

  
   
 

Total Sheets Extra Sheets Numberof each additional 50 or fraction thereof Fee ($) Fee Paid ($)
- 100 = 150 = (round up to a whole number) x = :

4. OTHER FEE(S) ‘ Fees Paid (5)
Non-English Specification, $130 fee (no small entity discount)
Other(e.g.,late filing surcharge); 2253 Extension for responsewithin third month 510.00

2801 Requestfor continued examination (RCE)(see 37... . 395.00  
 

 250.00

 
 

2401 Notice of appeal   

 

——

SUBMITTEDBY/,

sinawe=(|EChy,—_[RewistatonNo. 39360|telephone (617) 517-8509Ne”

Name (PrintType)|"Peter C. Lauro Date September 12, 2007
  

| herebycertify that this paper (along with any paper referred to.as being attached or enclosed) is being deposited with the U.S. Postal Service as
Express Mail, Label No. EM 0532030189 US,on the date sh to:
Commissionerfor Patents, P.O. Box 1450, Alexandria, VA

Dated: September 12, 2007 Signature: (Peter C. Lauro) 
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Attorney Docket No.: 64836(51590) 
 
 Certificate of Express Mailing Under 37 CFR 1.10 

 | hereby certify that this correspondence is being deposited with the United States Postal Service as
Express Mail, Airbill No. EM 053203019 USin an envelope addressedto: 
 
  

 

MS RCE
Commissionerfor Patents
P.O. Box 1450
Alexandria, VA 22313-1450

  
  
 

  on September 12, 2007 .
Date

(telZi
Signature  

Peter C. Lauro

Typed or printed nameof person signing Certificate

32,360 (617) 517-5509
Registration Number,if applicable Telephone Number

 
 

 
 

  

 

  
 Each paper musthaveits own certificate of mailing, or this certificate must identify

each submitted paper.
 
 

  Fee Transmittal (1 page)
Three Month Requestfor Extension of Time Under 37 CFR 1.136(a) (1
page)
Request for Continued Examination Transmittal (1 page)
Amendment and Response with Enclosures (20 pages)
Amendment Transmittal (1 page)
Declaration of Jason W. Plotkin with Exhibits 1-11 (76 pages)
Notice of Appeal (1 page)
Charge $1,155.00 to deposit account 04-1105
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Docket No.

64836(51590)

Application No. Filing Date Examiner
10/188,221-Conf. #9026 July 1, 2002 M. Marvich

Applicant(s): Michel Sadelain et al.
 

VECTOR ENCODING HUMAN GLOBIN GENE AND USE THEREOF IN TREATMENT OF
Invention:1—MOGLOBINOPATHIES
 

TO THE COMMISSIONER FOR PATENTS

Transmitted herewith is an amendmentin the above-identified application.
The fee has been calculated andis transmitted as shown below.

Highest
Remaining Number Number

After Previously|Extra Claims
Amendment Paid

Total Claims 22 -

Independent 4 _Claims

Multiple Dependent Claims (checkif applicable)

 

Otherfee (please specify):

TOTAL ADDITIONAL FEE FOR THIS AMENDMENT:_
[| Large Entity Smail Entity

No additional fee is required for this amendment.

[| Please charge Deposit Account No. in the amountof$
A duplicate copyof this sheet is enclosed.

[| A checkin the amount of $ to coverthefiling fee is enclosed.
[] Paymentby credit card. Form PTO-2038 is attached.

The Director is hereby authorized to charge and credit Deposit Account No. 04-1105
as described below. A duplicate copyof this sheet is enciosed.

[x] Credit any overpayment.
gq or application processing fees required under 37 CFR 1.16 and 1.17.

Dated: September 12, 2007
Peter C. Lauro

Attorney/Agent Reg. No.: 32,360

EDWARDS ANGELL PALMER & DODGE LLP
P.O. Box 55874

Boston, Massachusetts 02205

(617) 517-5509

_ \d) is being deposited with the U.S. Postal Service as
9 etdw i 9 sed to:

i A Fas 50.
{) f

Dated: September 12, 2007 Signature: (Peter C. Lauro)
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Certificate of Express Mailin

1 hereby certify that this paper (along with any paperreferred to as being attached or enclosed)is

being deposited with the U.S. Postal Service as Express Mail, Label No. EM 053203019 US,on the date
shownbelow in an envelope addressed to: MS Amend missionerfor Patents,P.0. Box 1450,
Alexandria, VA 22313-1450.

(Peter C, Lauro)
Dated: Ségn Moke 1B, Signature:4

Ye
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Docket No.: 64836(51590)
(PATENT)  

 

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 

In re the application of: Sadelain, et al. Confirmation No.: 9026

Serial No.: 10/188,221 Group Art Unit: 1633

Filed: July 1, 2002 Examiner: Maria Marvich

 For: VECTOR ENCODING HUMAN GLOBIN

GENE AND USE THEREOF IN TREATMENT OF

HEMOGLOBINOPATHIES

Mail Stop: AF
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT AND RESPONSE

TO FINAL OFFICE ACTION UNDER 37 C.F.R.§1.116

Dear Sir:

Applicants submit this paper in responseto the final Office Action mailed on March 12,

2007, which set a three-month shortenedstatutory period for reply ending on June 12, 2007.

Applicants submit concurrently herewith a Request for a Three-Month Extension of Time, a

Notice ofAppeal, a Request for Continued Examination and the required fees for each based on

small entity status. The Commissioneris authorized to charge any additional fees occasioned by

this paper, or credit any overpaymentof such fees, to Deposit Account No. 04-1105, under Order

No. 64836(51590).

Amendments to the claimsare reflected in the listing of claims beginning on page 2.

Remarks/Argumentsbegin on page 6.
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Inventors: Sadelain etal. Attorney Docket No. 64836(51590)
Serial No.: 10/188,221, filed July 1, 2002
Rule 116 Amendment and Response

AMENDMENTSTO THE CLAIMS

Please amend claims 1, 46 and 47 andplease cancel claim 45 without prejudice, without

admission, without surrenderof subject matter, and without any intention of creating any

estoppel as to equivalents. This following listing of claims will replace all prior versions, and

listings, of claims in the application.

1. (Currently Amended) A recombinant vector comprising:

(a) a region comprising a nucleotide sequence encoding a functional globin; and

(b) a 3.2-kb portion pertiens of theahuman 8-globin locus control region (LCR) which

consists essentially of an-840-bp an HS2-spanning nucleotide fragmentefHS2 extending

between BstXI and SnaBIandBstXI restriction sites of said LCR, 21398-bp an HS3-spanning

nucleotide fragmentefHS3 extending between BamHI and HindIII and-BamHi restrictionsites

of said LCR and 24069-bpan HS4-spanning nucleotide fragmentefH$4 extending between

BamHI and BanlI restriction sites_of said LCR,said vector providing expression of globin when

introduced into a mammal in vivo.

2. (Previously presented) The vector of claim 1, further comprising a region encoding a

dihydrofolate reductase.

3. (Previously presented) The vector of claim 2, further comprising a mouse PGK promoter, to

control the expression ofthe dihydroflate reductase.

4. (Previously presented) The vector of claim 3, wherein the dihydrofolate reductase is a human

dihydrofolate reductase.

5. (Previously presented) The vector of claim 4, wherein the human dihydrofolate reductase is a
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Inventors: Sadelainet al. Attorney Docket No. 64836(51590)
Serial No.: 10/188,221, filed July 1, 2002
Rule 116 Amendment and Response

mutant form having increased resistance to antifolates as compared to wild-type human

dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type

human dihydrofolate reductase asa result of a set of mutations.

6. (Previously presented) The vectorofclaim 5, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a

mutation at an amino acid corresponding to aminoacid 31 of the wild type sequence.

7. (Previously presented) The vector of claim 2, wherein the dihydrofolate reductase is a human

dihydrofolate reductase.

8. (Previously presented) The vector of claim 7, wherein the human dihydrofolate reductaseis a

mutant form having increased resistance to antifolates as compared to wild-type human

dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type

humandihydrofolate reductase as a result of a set of mutations.

9. (Previously presented) The vector of claim 8, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a

mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

10. (Previously presented) The vector of claim 1, wherein the functional globin is human f-

globin.

11. (Previously presented) The vector of claim 10, further comprising a region encoding a

dihydrofolate reductase.

12. (Previously presented) The vector of claim 11, further comprising a mouse PGK promoter,
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Inventors: Sadelain etal. Attorney Docket No. 64836(5 1590)
Serial No.: 10/188,221, filed July 1, 2002
Rule 116 Amendment and Response

wherein the mouse PGK promotercontrols the expression of the region encoding a dihydrofolate

reductase.

13. (Previously presented) The vector of claim 12, wherein the dihydrofolate reductaseis a

human dihydrofolate reductase.

14. (Previously presented) The vector of claim 13, wherein the human dihydrofolate reductase is

a mutant form having increased resistance to antifolates as compared to wild-type human

dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type

human dihydrofolate reductaseas a result of a set of mutations.

15. (Previously presented) The vectorofclaim 14, wherein the set ofmutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a

mutation at an amino acid corresponding to amino acid 31 of the wild type sequence.

16. (Previously presented) The vector of claim 11, wherein the dihydrofolate reductaseis a

human dihydrofolate reductase.

17. (Previously presented) The vector of claim 16, wherein the human dihydrofolate reductaseis

a mutant form havingincreasedresistance to antifolates as compared to wild-type human

dihydrofolate reductase, said mutant form differing in amino acid sequence from wild-type

human dihydrofolate reductase as a result of a set of mutations.

18. (Previously presented) The vector of claim 17, wherein the set of mutations comprises a

mutation at an amino acid corresponding to amino acid 22 of the wild-type sequence and a

mutation at an amino acid corresponding to aminoacid 31 of the wild type sequence.
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Inventors: Sadelainet al. Attorney Docket No. 64836(5 1590)
Serial No.: 10/188,221, filed July 1, 2002
Rule 116 Amendment and Response

19-42. (Canceled)

43. (Previously presented) The vector of claim 1, further comprising 2 GATA-1 bindingsitesat

the junction between the HS3 and HS4 fragments.

44. (Previously presented) The vector of claim 1, wherein the vectoris a lentiviral vector.

45. (Canceled)

46. (Currently Amended) The vector of claim 451, wherein the vectoris a lentiviral vector.

47. (Currently Amended) Thevector of claim 451, wherein the vector is pTNS9.
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Inventors: Sadelain etal. Attorney Docket No. 64836(51590)
Serial No.: 10/188,221, filed July 1, 2002
Rule 116 Amendment and Response

REMARKS

Claims 1-18 and 43-47 have been examined. Claims 1, 46 and 47 have been amended

and Claim 45 has been cancelled. Accordingly, Claims 1-18, 43-44, 46 and 47 will be pending

upon entry of the amendments presented herein. Applicants respectfully request favorable

reconsideration and withdrawal ofall pending rejections and allowanceofthe application with

claims 1-18, 43-44, 46 and 47 presented herein.

The changesin Claim 1 are in part (b) andrelate to the three restriction fragments as

discussed below. The amendments to Claims 46 and 47 revise the dependencies. Support for the

amendments can be found throughoutthe specification and claimsas filed. No new matter has

been added.

In particular, Claim 1, as amendedinpart (b), nowrecites that the recombinant vector

comprises a 3.2-kb portion of a human B-globin locus control region (LCR) consisting essentially

of 3 restriction fragments. Each fragment spans a particular DNase I hypersensitive site (HS) and

each fragment’s endis identified by particular restriction enzyme recognitionsites (listed in 5’ to

3° order). With respect to written description support, the phrase “portion of the ... LCR” (or a

similar phrase, e.g., “large portions”) is used throughoutthe specification. Support for the

overall size being 3.2 kb is found in the last sentence of J 21 of the specification. Support for the

source of the LCR as human is also provided throughout the specification, see, e.g., Example |

and { 21.

Amendmentand cancellation of the claims are not to be construed as acquiescence to any

rejections/objectionsset forth in the instant Office Action and/or any previous Office Action and

were donesolely to expedite prosecution of the application. Applicants hereby reserve the nght

to prosecute the subject matter of the claimsas originally filed or similar claims in one or more

subsequentpatent applications.

At the outset, Applicants wish to thank Examiners Marvich and Woitachfor the

courteous and productive interview extended to Lisa Wilson and AmyLeahy on July 25, 2007.

During the interview the Examiners acknowledged that the human B-globin region is well known
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Inventors: Sadelain etal. Attorney Docket No. 64836(51590)
Serial No.: 10/188,221, filed July 1, 2002
Rule 116 Amendment and Response

in the art. In support ofthat discussion and this response to the outstanding rejections,

Applicants submit the Declaration of Jason W. Plotkin under 37 C.F.R. § 1.132 (“Plotkin”).

The globin genes were amongthefirst ever sequencedat the nucleotide level. By the

early to mid 1980’s, the sequence and genomicorganization of the beta family of human globin

genes on chromosome11 were known for greater than 70 kb (“the human B-globin region”). The

-details thereof, includinga list of more than 80 citationsto the literature dating between 1974-

1985, are provided with the annotated sequence and commentary available under GenBank

Accession No. U01317 (which waspublically available in 1994; partial copy attached, p.10).

This sequence and those provided by GenBank Accession No. NG_000007 (publically available

as version 1 as early as April 2001)! are the reference sequences for the human B-globin region

‘and are well known to those ofskill in the art. Moreover, these sequences, while notdirectly
cited in the specification, are clearly the ones to which those ofthe skill in the art are directed by

the specification (as shown in detail below). Plotkin, J] 8-13 and 19-22.

The present Office Action contains two outstanding rejections under 35 U.S.C. § 112, one

for indefiniteness and the other for lack of enablement. The responsesto these rejections are

interrelated, requiring explanation of (1) how the foregoing sequences andthe references are

well known andavailable, and (2) how to identify the location of the restriction fragments. The

formeris addressed in responseto the indefiniteness rejection, the latter in response to the

enablementrejection.

' Two subsequentversions were assigned GenBank Accession No. NG_000007. Thedates ofcreation of

each version andlinks from one to another are provided in the annotations to the sequences. When accessing

NG_000007at present, one obtains version 3, which in relevant part includes an additional approximately 9 kb

upstream of the version 1. Hence the numbering of the nucleotides is offset between the versions, and can be further

slightly offset by sequence polymorphisms and minorvariations.
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Inventors: Sadelainet al. Attorney Docket No. 64836(51590)
Serial No.: 10/188,221, filed July 1, 2002
Rule 116 Amendment and Response

Claims Rejection — 35 U.S.C, §112, Second Paragraph

Claims 1-18 and 43-47 have been rejected under 35 U.S.C. § 112, second paragraph, as

allegedly vague and indefinite. In particular, the Examiner has alleged that the metes and bounds

of the restriction fragments recited in Claims 1 and 45 (now canceled) are unclear for lack of a

reference sequenceor specific source for the B-globin locus control region (LCR).

In this regard, Claim 1 has been amendedto recite the source of the LCR as human.

Further, as stated, the complete sequence for the human B-globin region is readily known and

available in the art. The LCRis an approximately 20-30 kb region upstream from the ¢-globin

gene.

With respect to finding the sequences and ascertaining the claimed LCR,forall practical

purposesat the time of the invention (and now),the skilled artisan would have immediately

turned to the GenBank database to obtain the desired sequence, using a simple key word search

without any need to know the accession numbers. Plotkin, {{] 6&7. Mappingtherestriction sites

would be done with any of the myriad of available software for analyzing sequence data. By

knowingthe overall genomic organization, the sequence of the B-globin region,that the

terminology in this art “speaks”in restriction fragments’ and the size of the claimed LCR, and by

having the guidance from the specification, the skilled artisan can ascertain the claimed

fragments of the LCR without ambiguity (as detailed below).

Although the simplest route to finding the sequenceis as outlined above, the skilled

artisan can arrive at the same GenBank sequences by following the teaching and guidancein the

specification. Plotkin, ff 8-13. Reviewing the specification and following onetrail of

references, the skilled artisan finds that:

e “restriction fragments spanning the core portions of HS2, HS3 and HS4”are reported in

Sadelain (Plotkin, { 9);

? It is customary to referto restriction fragments without mentioning the source ofthe actual sequence,

knowing that those sites are in a published sequence (generally cited as a reference in the paper and, unless

specifically noted, is the publically available sequence as deposited in the database.
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e Sadelain describes the three restriction fragments and containing the core sequences for

HS2, HS3 and HS4, referencing, among others, Ryan (Plotkin, { 10);

e Ryan states that “[s]everal years ago, Tuan ... mappedsites that were super-

hypersensitive to DNase I digestion ... located 6-22 kb upstream ofthe e-globin gene”

(Plotkin, 4 11);

e Fig. 1 of Tuan showsa restriction map of the “human §-like-globin gene cluster” as

determined from the sequencing data of Li (Plotkin, { 12); and

e Lishows21 kb of uninterrupted sequencein Fig. 2 that begins at an EcoRI site, sets

coordinate 0 as the initiation codon of the e-globin gene and extends through three s-

globin exons. Approximately 19.5 kb of the published sequenceis located upstream of

that initiation codon. This 19.5 kb upstream region contains most of the human B-globin

LCRandincludes the complete HS2, HS3 and HS4sites. Plotkin, § 13.

Although Li does not provide a GenBank accession numberfor the sequencepresented in Fig.2,

the GenBank database cites Li as the source of those sequences in U01713 and NG_000007.

Plotkin, §14. Moreover, by finding the Li reference in the PubMeddata base

(www.pubmed.gov) and displaying that result in “Nucleotide Links” format, one obtains a direct

link to a single sequence, U01317. Consequently, one of skill in the art, having found the

sequence, either on paperor by searching the GenBank database,is assured offinding the same

sequencethat has been known since 1985. Plotkin, { 15.

Accordingly, the skilled artisan has a human reference sequence bearing the recited

restriction sites, the prior published references teach the location of the HS2, HS4 and HS4 core

fragments, and the claimed LCR is assembled from threerestriction fragments with an overall

size of 3.2 kb (as nowrecited in Claim 1), so that one can unambiguously determine the scope of

the claimed invention. Because the foregoing establishes the availability of a reference sequence

and the source of the LCR as human, Applicants submit that the metes and boundsofthe claims

are clear and unambiguousandthis rejection is obviated.
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Hence, the rejection of the claims under 35 U.S.C. § 112, second paragraph,is obviated

and Applicants respectfully request reconsideration and withdrawalthereof.

Claims Rejection — 35 U.S.C. §112, First Paragraph

Claims 1-18 and 43-47 have been rejected under 35 U.S.C.§ 112, first paragraph, as

allegedly failing to comply with the enablement requirement.

Thepresent invention provides a recombinant vector comprising (a) a region encoding a

functional globin; and (b) a 3.2-kb portion of an LCR derived from human B-globin sequences,

such that the vector provides expression of the globin when introduced into a mammalin vivo.

In particular, Claim 1 recites that the 3.2-kb portion consists essentially of an HS2-spanning

nucleotide fragment extending between BstXI and SnaBI restriction sites, an HS3-spanning

nucleotide fragment extending between BamHIand HindiIil restriction sites and an HS4-spanning

nucleotide fragment extending between BamHIand BanI restriction sites, wherein the fragments

are from a human }-globin locus control region (B-globin LCR).

As mentioned, the human 8-globin LCRis a 20-30 kb region extending upstream from

the start of the e-globin gene. The region has been extensively analyzed andthescientific

literature reports a variety of expression studies with a 20-kb “minilocus,” a 6.5-kb microlocus”

and a 1-kb fragment with core DNAaseI hypersensitive site. See, Philipsen, 1990, Fig. 1 and

Introduction, p. 2159 (Exhibit 7 of Plotkin). To Applicants’ knowledge, no previous studies

have been conducted with a 3.2-kb portion of a human -globin LCR as claimedherein.

With respect to enablement, one skilled in the art must be able to make and use the

claimed invention without undue experimentation from the disclosure in the specification and

information known in the art at the time of the invention. Traditionally, such determinations are

obtained from weighing an analysis of the multiple Wands factors. This response addresses

those factors, especially those mentioned in the rejection, and clearly sets forth how to identify

the 3.2-kb portion with the recited the restriction fragments based on (1) the information in the

specification and the scientific literature and (2) the reference sequences available as of the
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earliest filing date accorded the present application (from U.S. Serial No. 60/301,861, filed June

29, 2001). Although this analysis is necessarily tedious and painstaking, it yields clear and

unambiguousresults and does not require any undue experimentation.

WandsFactors

1) State of the Art

“State of the Art” is considered first because this factor provides the background

knowledge from which those of skill in the art would ascertain enablement.

As previously mentioned, the globin genes were amongthe first ever sequenced and the

field developed using restriction fragments as the nomenclature of choice to identify (and even

name) various elements of interest. Importantly, any skilled artisan with an interest in the present

invention would be aware ofthis and familiar with the “workings”of the globinliterature,

including naming differences that arose when competing groups published on commonsubject

matter. Byat least 1993, the field had agreed upon a uniform system of nomenclature andthat is

the system used herein and in the claims. Plotkin, {{] 20-21.

Longbefore the present invention, the genomic organization and sequence of the human

B-globin region on chromosome11 was well known,with the exact locations and order of each

expressed globin gene being 5’°—s—-Gy—Ay—5—B—3’ as shown inrestriction map below (Li,

Fig. 1).
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The 5’-most EcoRI site is the first nucleotide in the sequence provided by U01317 and

NG_000007.1 (the version ofNG_000007that was publically available at the earliest priority

date of the present application; the current version is NG_000007.3 and extends about 9 kb

further upstream from that EcoRI site). Plotkin, [§ 22-23.

In 1985, Tuan indicated the locations of HS2, HS3 and HS4 as being -11 kb, -14.5 kb and

-17.5 kb upstream of the e-gobin gene, using that point as coordinate 0. Plotkin, { 24.

In 1995, Sadelain described the core sequencesfor these three DNase hypersensitive sites

as follows:

e HS2 being on a 478-bp HindII-SnaBIfragment including the known HindII]-

Xbalfragment;

e HS3 being on a 260-bp fragmentincluding the Hph1-Fnu4HI segmentwhichis

225 bp and isalso located on a 1.9-kb HindIM-HindIII fragment; and

e HS4 being on a 283-bp SaclI-Aval fragment.

Plotkin, ¥ 25.

Althoughpresented in chronological order, the foregoing description ofthe state of the art

from Sadelain back to Li represents a synopsis of the knowledge on the state of the globin art

imparted from citation of Sadelain in the specification. Such an analytical approachis entirely

consistent with case law, which states that which is known in the art need not be includedin the

specification, and is preferably omitted. See Hybritech Inc. v. Monoclonal Antibodies, Inc., 802

F.2d 1367 (Fed. Cir. 1986); MPEP §2163(ID(A)(3)(a); pages 2100-173.

So although the Examiner has suggested that the specification is lacking in support for an

indication of the sequence, source and organism from which the LCRis obtained, this

information is actually available from the citation to the Sadelain reference.

12
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2) Natureof the Invention

The nature of the invention identifies the field of the endeavor—here a recombinant vector

for treating hemoglobinopathies by expressing a functional globin in vivo using the claimed 3.2-

kb portion of a human 6-globin LCR.

Asan aside, under this section of the present Office Action, the Examiner characterized

the three fragments in the LCR as “essential elements from the B-globin LCR.” Applicants wish
to clarify this remark as it is not a term ofart and is somewhat misleading. Theliterature

describes core HSsites as small fragments, and these core sequences might be considered as

“essential” or “minimal”since they are the smallest fragments that can effect globin expression.

In point of fact, the present invention resides in having more than these small core sequences,

namely, the invention resides in having the larger, specific HS-containing fragmentsin the vector

and obtaining a level of globin expression not previously possible in vivo.

3) Scope of the Invention & Predictability of the Art

The scope ofthe invention refers to the breadth of embodiments covered by the claims.

In the Scope section of the Office Action, the Examinerstated that the specification fails to

specify sufficient details to allow one of skill in the art to reproduce the recited vector and

suggested depositing the biological material as one method to enable reproducibility. The

Unpredictability section ended by indicating that a deposit of TNS9 would overcomethis

rejection.

Applicants appreciate this indication, and should it be necessary, are willing to make a

deposit. However, Applicants firmly believe that the information in the specification, the

availability of the sequence of the human B-globin LCR, as well as the extensive knowledge of

the core HSsites, render a deposit unnecessary. The basis for this belief is the ability to provide

a detailed analysis to identify unambiguously the three HS-spanningrestriction fragments of the

claimed invention. This analysis is set out in detail in Plotkin’s declaration (J 16-47).
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The analysis begins with obtaining the nucleotide sequences for U01317 and

NG_000007.1, which are identical with respect to restriction enzymes being analyzed. Plotkin, §

27.

For example, one can download the U01317 or NG_000007.1 sequence from the NCBI

website and use any convenient software to analyze therestriction sites. For this analysis, the

New England BioLabs program NEBcutter was used (available on the NEB website,

www.neb.com). The program allowsdirect input of the GenBank accession number and

determinesrestriction sites and fragmentsizes for any restriction enzyme or combination of

enzymes. Plotkin, § 28.

For simplicity, NG7 is used to refer to the reference sequence NG_000007.1, which was

the sequenceusedin this analysis. Theresults are the same with U01317 butare shifted by about

9000 nucleotides for NG_000007.3 (since that deposited sequence has approximately 9000 more

nucleotides upstream from nucleotide 1 of NG7). Plotkin, { 29.

Plotkin describes the initial steps for using NG7 to determine the location and number of

restriction enzymecut sites for BstXI and SnaBI (HS2), for BamHI and HindIII (HS3) and for

BamHIand BanII (HS4). The analysis is simplified by considering only therestriction sites

located upstream from thestart site for the e-globin gene: the e-globin transcript beginsat

nucleotide 19289 andits coding sequenceat nucleotide 19541. Knowingthis reference point and

that HS2 is located about 11 kb upstream from e-globin gene, that HS3 is about 14.5 kb upstream

and that HS4is about 17.5 kb upstream, enables one ofskill in the art to map the approximate

location for each HSsite. Plotkin, {J 30-33.

From this background information, Plotkin proceeds to describe how to identify the HS2-

spanning fragment(Plotkin, {J 34-38) followed by how to identify the HS4-spanning fragment

(Plotkin, J{ 39-44). Finally, building on these identifications and using the size requirementfor

the claimed portion of the LCR, Plotkin describes how to identify the HS3-spanning fragment

Plotkin, {J 45-46.
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Based on the foregoing, the HS2-spanning fragment in NG7is located at nucleotides

8055-8911 and hasasize of 857 bp; the HS4-spanning fragment in NG7is located at nucleotides

308-1388 and has a size of 1080 bp and the HS3-spanning fragment in NG7is locatedat

nucleotides 3878-5172 and has a size of 1295 bp. Plotkin, {J 38, 44 and 46, respectively.

In conclusion,the teaching of the specification and the language of the claim when taken

in combination with well-known and publically available information, can be and has been used

to identify a 3.2-kb portion of a human 8-globin LCRthat consists essentially of an HS2-

spanning nucleotide fragment extending between BstXI and SnaBIrestriction sites of the LCR,

an HS3-spanning nucleotide fragment extending between BamHI and Hindiil restriction sites of

the LCR and an HS4-spanning nucleotide fragment extending between BamHIand Banll

restriction sites of the LCR (Plotkin, | 47).

4) Number of Working Examples

The specification provides two working examples ofvectors (TNS9 and dTNS9-PD;

Figs. 1 and 2) comprising the claimed portions of the LCR, and includes data showing

therapeutic benefit for treating thalassemia in mice(e.g., Fig. 6). In this section, the Examiner

alleged that the specification failed to provide a reference sequence. As established above, a

reference sequence was well knownat the time ofthe invention and the specification teaches

those of skill in the art how to find those sequences.

Asapparent from the reference sequence, and as knownin theart, the three fragments

that form the 3.2-kb portion of the LCR are assembled from non-contiguousportions of the LCR.

In this regard, it should be recognized that these fragments can be joined in either 5’-3’ or3’-5’

orientation using any of numerous techniques knownto thoseof skill in the art to provide further

vector examples. Once assembled into a vector, the fragments need not be cleavable nor must

the entire restriction recognition site be present. For example, one skilled in the art will readilty

appreciate that the full restriction site might not be present if the fragment is blunt-ended before

ligation, yet it may be present if the cutsite is filled before ligation. Hence, each HS-spanning

15
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fragment has those LCR sequencesthat are present between the respective restriction enzyme

recognition (cut) sites.

5) Amount of Experimentation

In this section, the Examiner suggested that the “highly unpredictable nature of

determining where to isolate the recited fragments” created undue experimentation to practice the

present invention. In view of the amendmentsto the claimsto provide the source ofthe

fragments as human and the explanation that showsthe three restriction fragments can be located

without ambiguity to form a 3.2-kb portion of a human 8-globin LCR, Applicants submit that the

experimentation neededto practice is reasonable and does not require any further guidance than

whathas been providedin the specification and the state of theart.

In summary, upon considering all the Wands factors, Applicants have shownthat those of

skill in the art can unambiguouslyidentify the claimed subject matter using the reference

sequence. With that information, one can unambiguously identify the same fragments from any

polymorphic variant of the reference sequence simply by aligning the reference sequences with

those of the candidate sequence,sincethe relative location ofrestriction sites being constant,

oncelocated, those points in the sequence can be found without ambiguity based on matching the

surrounding sequences.

Hence, the rejection under 35 U.S.C. § 112, first paragraph, has been overcome and

Applicants respectfully request reconsideration and withdrawalthereof.
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CONCLUSION

In view of the foregoing amendments and remarkspresented herein, reconsideration and

withdrawalofall rejections and allowanceofthe instant application with all pending claims are

respectfully solicited. Ifa telephone conversation with Applicants’ attorney(s) would help to

expedite the prosecution of the above-identified application, the Examineris invited to contact

the undersigned.

Dated: September 12, 2007 Reg  submittsas

~ Peter C. Lauro, Esq.
Registration No.: 32,360

EDWARDS ANGELL PALMER & DODGE LLP

P.O. Box 55874

Boston, Massachusetts 02205

(617) 517-5509

Enclosure (GenBank Accession No. U01317, 2 pages)
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GUATC CECaUCeATTATATAG, TCGRTOGATCY
 

 

 

 

aCAL s GUEGATAGCAScid:Waa Tete My NCBICPTCOCATACETCR x Ge ee i- ‘ PeCIP FRACCAAT =NucleotOF ee Signin) Register)PubMed Nucleotide Protein Genome Structure PMG uge, OMIM Books:
Search CoreNucleotide. ‘for: il 0,

Limits Preview/Index History Clipboard Details

Display GenBank - Show 5 + Sendto - Hide: Sequence all but gene, CDS and mRNA features

Range:from ‘begin _ito:end =: EE) Reverse complemented strand Features:

(E71: U01317.Reports.Human beta globin...[i:455025] Links
Comment Features Sequence

LOCUS HUMHBB 73308 bp DNA iinear PRI 09-FEB-2005
DEFINITION Human beta globin region on chromosome. 11.
ACCESSION 001317 300093 300094 Jo0096 J00158-J00175 J00177 JO00178 Jo0179

K01239 KO1890 KO2544 M18047 M19067 M24968 M24886
VERSION U01317.1 GI:455025

KEYWORDS Alu repeat; HPFH; KpnI repetitive sequence; RNA polymerase III;
allelic variation; alternate cap site; beta-1 pseudogene;
beta-globin; delta-globin; epsilon-globin; gamma-globin; gene
duplication; globin; polymorphism; promoter mutation; pseuddgene;
repetitive séquerice; thalassemia.

SOURCE Homo sapiens. (human)
ORGANISM

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires;: Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.

REFERENCE 1 (bases 62409 to 62631; 63482 to 63610)
AUTHORS Marotta,C.A., Forget,B.G., Weissman,S.M., Verma,I.M.,

McCaffrey,R.P. and Baltimore,D.
TITLE Nucleotide sequences of human globin messenger RNA
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 71 (6), 2300-2304 (1974)

PUBMED 4135409
REFERENCE 2 (bases 63602 to 63646)

AUTHORS  Forget,B.G., Marotta,C.A., Weissman,;S.M. and Cohen-Solal,M.
TITLE Nucleotide sequences of the 3'~terminal untranslated region of

messenger RNA for human beta globin chain
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 72 (9), 3614-3618 (1975)

PUBMED 1059150
REFERENCE 3 (bases 63593 to 63626)

AUTHORS ‘Proudfoot,N.J. and Brownlee,G.G.
TITLE Nucleotide sequences of globin messenger RNA
JOURNAL Br. Med. Bull. 32 (3), 251-256 (1976)

PUBMED 788834
REFERENCE 4 (bases 63673 to 63743)

AUTHORS Proudfoot,N.J. and Longley,J.1.
TITLE The 3' terminal sequences of human alpha and beta globin messenger

RNAs: comparison with rabbit globin messenger RNA
JOURNAL Cell 9 (4 PT 2), 733-746 (1976)

PUBMED 1035137
REFERENCE 5 (sites)

AUTHORS Proudfoot,N.J. and Brownlee,G.G.
TITLE 3" non-coding region sequences in eukaryotic messenger RNA
JOURNAL Nature 263 (5574), 211-214 (1976)

PUBMED 822353
REFERENCE 6 (bases 63596 to 63743)

AUTHORS Proudfoot,N.J.
TITLE Complete 3' noncoding region sequences of rabbit and human

beta-globin messenger RNAs
JOURNAL Cell 10 (4), 559-570 (1977)

PUBMED 67897

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=455025 9/12/2007
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JOURNAL EMBO J. 3 (11), 2641-2645 (1984) ‘ '
PUBMED 6210198

REFERENCE 70. (bases 61557 to 61623)
AUTHORS Semenza,G.L., Malladi,P., Surrey,S., Delgrosso,K., Poncz,M. and

Schwartz,£.

TITLE Detection of a novel DNA polymorphism in the beta-globin genecluster

JOURNAL J. Biol. Chem. 259 (10), 6045-6048 (1984)
PUBMED 6327661

REFERENCE 71 (sites)
AUTHORS Orkin,S.H., Antonarakis,S.E. and Kazazian,H.H. Jr.
TITLE Base substitution at position -88 in a beta-thalassemic globin

gene. Further evidence for the role of distal promoter element
ACACCC

JOURNAL, J. Biol. Chem. 259 (14), 8679-8681 (1984)
PUBMED 6086605

REFERENCE 72 (bases 45336 to 47463)
AUTHORS Chang, L.Y. and Slightom,J.L.
TITLE Isolation and nucleotide sequence analysis of the beta-type globin

pseudogene from human, gorilla and chimpanzee
JOURNAL J. Mol. Biol. 180 (4), 767-784 (1984)

PUBMED 6098690
REFERENCE 73 (sites)

AUTHORS Grindlay,G.J., Lanyon,W.G., Allan,M. and Paul,J.
TITLE Alternative sites of transcription initiation upstream of the

canonical cap site in human. gamma-globin and beta-globin génes
JOURNAL Nucleic Acids Res. 12 (4), 1811-1820 (1984) ‘

PUBMED 6701091
REFERENCE 74. (sites)

AUTHORS Stoeckert,C.J. Jr., Collins,F.S. and Weissman,S.M.
TITLE Human fetal globin DNA sequences suggest novel conversion event
JOURNAL Nucleic Acids Res. 12 (11), 4469-4479 (1984)

PUBMED 6330670
REFERENCE 75 (sites)

AUTHORS Mager,D.L. and Henthorn, P.5.

TITLE Identification of a retrovirus-like repetitive element inhuman DNA
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 81 (23), 7510-7514 (1984)

PUBMED . 6095301
REFERENCE 76 (bases 19120 to 61776)

AUTHORS Collins,F.S. and Weissman,S.M.
TITLE The molecular genetics of human hemoglobin
JOURNAL Prog. Nucleic Acid Res. Mol. Biol. 31, 315-462 (1984)

PUBMED 6397774
REFERENCE 77 (bases 34276 to. 34276; 34282 to 34282; 34321 te 34321)

AUTHORS Gilman,d.G. and Huisman,T.H.
TITLE DNA sequence variation associated with elevated fétal G gamma

globin production
JOURNAL Blood 66 (4), 783-787 (1985)

PUBMED . 2412616
REFERENCE 78 (sites)

AUTHORS Ruskin,B., Greene,J.M. and Green,M-.R.
TITLE Cryptic branch point activation allows accurate in vitro splicing

of human beta-globin intron. mutants
JOURNAL Cell 41 (3), 833-844 (1985)

PUBMED 3879973
REFERENCE 79 (sites)

AUTHORS kLang,K.M. and Spritz,R.A.

TITLE Cloning specific complete ‘polyadenylylated 3'-terminal cONA
segments

JOURNAL Gene 33 (2), 191-196 (1985).2581851

80 (bases. 1: to.16593)
-"Td,/0., Powers,P.A: and Smithies,o.

Nucleotide sequence of 16-kilobase pairs of DNA 5' to the human
epsilon-globin gene

JOURNAL J. Biol. Chem. 260 (28), 14901-14910 (1985)

  
 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=455025 9/12/2007
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REFERENCE 92 (sites)

’ AUTHORS Prchal,J.T., Cashman;D.P. and Kan,Y.W.
TITLE Hemoglobin Long Island is caused by a single mutation (adenine to

cytosine) resulting ina failure to cleave amino-terminal |
. methionine

JOURNAL Proc. Natl. Acad. Sci. U.S.A. 83 (1), 24-27 (1996)
PUBMED 3455755

REFERENCE 93 (bases 59589 to 59718; 72211 to 72340)
AUTHORS Gilman,J.G. and Abraham, J
TITLE DNA sequence analysis of ‘the Dutch beta-O-thalassemia deletion
JOURNAL Biomed. Biochim. Acta 46, 131-135 (1987)

REFERENCE 94 (bases 43723 to 50721)
AUTHORS Miyamoto,M.M., Slightom,J.L. and Goodman,M.
TITLE Phylogenetic relations of humans and African apes from DNA

sequences in the psi eta-globin region
JOURNAL Science 238 (4825), 369-373 (1987)

PUBMED 3116671
REFERENCE 95 (sites)

AUTHORS Fei,Y.Jd., Steming,T.A.,. Efremov,G.D., Efremov,D.G., Battacharia,R.,
Gonzalez-Redondo, J.M., Altay,C., Gurgey,A. and Huisman,T.H.

TITLE Beta-thalassemia due to a T----A mutation within the ATA box
JOURNAL Biochem. Biophys. Res. Commun. 153 (2), 741-747 (1988)

PUBMED 3382401
REFERENCE 96 (bases 55038 to 55052) :

AUTHORS Atweh,G.F., Brickner,H.E., Zhu,X.X., Kazazian,H.H. Jr. and
Forget,B.G.

TITLE New amber mutation in a beta-thalassemic gene with nonmeasurable
levels of mutant messenger RNA in vivo

JOURNAL J. Clin. Invest. 82 (2), 557-561 (1988)
PUBMED 3403716

REFERENCE 97 (sites)

AUTHORS Engelke,D.R., Hoener,-P.A. and Collins,F.S.

TITLE Direct sequencing of enzymatically amplified human genomic DNA
JOURNAL Proc. ‘Natl. Acad. Sci. U.S.A. 85 (2)., 544-548 (1988)

PUBMED 3267215
REFERENCE 98 (sites) ‘

AUTHORS Guidal,C., Lapoumeroulie,C., Krishnamoorthy,R. and Elion, Jd.
TITLE Sequence correction and reassignment of the TaqI polymorphic site

in the human inter-gamma-globin gene. region, an African- specific
marker :

JOURNAL Unpublished ,
REFERENCE 99 {bases 16594 to 19305)

AUTHORS Trepicchio,W.L., Dyer,M.A., Hardison,R.G. and Baron,M. H.

TITLE Upstream regulatory. region of the human embryonicbeta-~like globin
gene,. epsilon

JOURNAL Unpublished (1993)
REFERENCE 100 (bases 1. to 73308) i

AUTHORS Teixeira,A., Tahiri-Alaoui,A., West,S., Thomas,B., Ramadass,A.,
Martianov,1I., Dye,M., James,W., Proudfoot,N.J. and Akowlitchev,A.

TITLE Autocatalytic RNA cleavage in the human beta-globin. pre-mRNA
promotes transcription termination

JOURNAL Nature 432 (7016), 526-530 (2004)
.PUBMED 15565159

COMMENT _ On: Feb. 16, 1994 this sequence version,‘replaced gi:183807.
: [1] cRNA fragments. :

(2] mRNA.

{5] sites; polyadenylation signal and site for the beta. gene.
(4] cDNA from normal and thalassemic mRNAs.
{6] cDNA.
{9] mRNA and cDNA fragments.
{10] mRNA.
[7] cDNA. ¢
{13} see comment below for 35854 to 35946 - may be 40770to 40862.
[19] sites; amber mutation at codon 17 of the beta chain.
{22] sites; gene order for the beta~like globin cluster.
{27] sites; consensus sequences in the promoter regions.

htto://www.ncbi.nlm.nih.gov/entrez/viewer.fcei?db=nuccore&id=455025 9/12/2007
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Attorney Docket No.: 64836(51590)

Mail Stop: AF
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DECLARATION OF JASON W. PLOTKIN UNDER37 C.F.R.§ 1.132

1. I, Jason W. Plotkin, declare as follows:

2. IamaUnited States citizen and reside in Queens, New York.

3. Ireceived a B.S. degree in biochemistry from the State University ofNew York (SUNY),

Stonybrook in 1991 and an M.A.in biochemistry from SUNY Buffalo in 1995. My CV .
is attached (Exhibit 1)

4. Iam currently employed as a Research Assistant in the laboratory of Dr. Michel Sadelain

at Department of Medicine, Memorial Sloan-Kettering Cancer Center (MSKCC), New

York, New York. I have been employed at MSKCCsince 2000 and by Dr. Sadelain

since 2005. Prior to working at MSKCC,I was an Assistant for Research at The

Rockefeller Univerisity, New York, New York from 1995-2000; and as a Laboratory

Technician at the School of Medicine, SUNY Buffalo in 1995.

5. lam familiar with and have reviewed the specification of U.S. Serial No. 10/188,221, filed

July 1, 2002 (“the ‘221 application”).
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Obtaining an LCR Reference Sequence

6.

10.

11.

12.

13.
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At present (as well as before June 2001), a simple and quick way for a person wishing to

determine a reference nucleotide sequence for the human B-globin locus control region
(LCR), would be to conduct an appropriate keyword search in the GenBank database,

whichis a well-known database that has been publically available since the 1980’s. The

GenBank database can be accessed via the Database section of the NCBI website

(www.ncbi.nlm.nih.gov).

Sucha search finds the reference nucleotide sequences for the human B-globin LCRto be

GenBank accession numbers U01713 and NG_000007, which LCR sequences, as

established below, were published in 1985.

Additionally, the ‘221 application teaches that the nucleotide sequences for the HS-

spanning restriction fragments and the human B-globin LCR are well known and

available in the scientific literature.

In particular, the ‘221 application at § 21 states that the “restriction fragments spanning

the core portions of HS2, HS3 and HS4”are reported in Sadelain et al. (1995) Proc. Natl.

Acad. Sci. USA 92:6728-6732 (“Sadelain;” Exhibit 2).

Sadelain describes the three restriction fragments containing the core HS2, HS3 and HS4

sequences in detail and cites several scientific references as authority on these points,

including, among others, Ryan et al. (1989) Genes Dev. 3:314-323 (“Ryan;” Exhibit 3)

[Sadelain, p. 6730,left col., first full 4, first sentence, ref. 11].

Ryan states that “[s]everal years ago, Tuan ... mapped sites that were super-

hypersensitive to DNase I digestion . . . located 6-22 kb upstream ofthe e-globin gene”

[Ryan, p. 314,rt. col., first and second full sentences], citing Tuan et al. (1985) Proc. |
Natl. Acad. Sci. USA 82:6384-6388 (“Tuan;” Exhibit 4).

Fig. 1 of Tuan showsa restriction mapofthe “human B-like-globin genecluster”as

determined from the sequencing data of Li e¢ al. (1985) /. Biol. Chem. 260: 14901-14910

(“Li;” Exhibit 5) [Tuan, p. 6385, Fig.1, caption].

Published in 1985, Fig. 2 of Li shows 21 kb of uninterrupted sequencethat begins at an

EcoRI site, sets coordinate 0 as the initiation codon of the e-globin gene and extends

through three e-globin exons. Approximately 19.5 kb of the published sequenceis
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14.

15.

located upstream ofthatinitiation codon. This 19.5 kb upstream region contains most of

the human B-globin LCR andincludes the complete HS2, HS3 and HS4sites.

Li does not provide a GenBank accession number for the sequence publishedin Fig. 2.

However, the GenBank database, under U01713 and NG_000007,cites Li as the source

of the deposited sequencesfor that region of sequence.

Consequently,it is straightforward to ascertain the sequence of the human B-globin LCR

by beginning with the information in the ‘221 application and following thestring of

citations to Li and the published sequence for the human B-globin LCR.

Mapping the HS-Spanning Restriction Fragments

16.

17.

18.

20.
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As | have been told and understand, Claim 1 of the ‘221 application (Exhibit 6) is

presently directed to a recombinant vector comprising (a) a region encoding a functional

globin;and (b) a 3.2-kb portion of a human B-globin LCR composedofthree specific

restriction fragments so that the vector provides expression of the globin when introduced

into a mammalin vivo. |

In particular, Claim | recites that the 3.2-kb portion consists essentially of an HS2-

spanning nucleotide fragment extending between BstXI and SnaBIrestriction sites, an

HS3-spanning nucleotide fragment extending between BamHIandHindIII restriction
sites and an HS4-spanning nucleotide fragment extending between BamHI and Banll

restriction sites, and that these fragments are from a human }-globin LCR.

Below I describe how to identify and mapthe three recited restriction fragments based on

the informationin the specification, the scientific literature and the reference sequences

available as of June 29, 2001, which I have beentoldis the earliest filing date of the ‘221

application.

. The human 8-globin LCRis a 20-30 kb region extending upstream from thestart of the ¢-

globin gene.

The globin genes were amongthefirst ever sequenced andthe field developed using

restriction fragments as the nomenclature of choice to identify (and even name) genetic

elements ofinterest.
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21. To understandthe relevant globin-related literature, prior to 1993, the “locus control

region” wasalso termed the “dominant control region.” Importantly, in the papers using

the LCR nomenclature (which include Tuan, Sadelain and the present application), the

hypersensitive sites were numbered sequentially moving upstream from the s-globin gene

so that HS1 is closest to the e-globin gene and HSSis the farthest away. For the papers

using the DCR nomenclature, however, the reverse was true (and the most upstream site

HSS wasnot included). The dual nomenclature meansthat publications that refer to

DCRsite | relate to HS4, those that refer to DCR site 2 relate to HS3 and those that refer

to DCRsite 3 relate to HS2. Eventually the field adopted the LCR system of

nomenclature.

22. The genomic organization and sequence of the human -globin region on chromosome

11 is well known, with the exact locations and order of each expressed globin gene being

5’—e—Gy—Ay—d——;’ as shown inrestriction map below (Li, Fig. 1).

& A

‘ a

 
23. The top line showsthe overall genomic organization of this approximately 70-75 kb
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region. The bottom line represents an expandedrestriction map for the upstream B-

globin LCR showingthe locations of the BamHI (B), EcoRI, (E) and HindIII (H)

restriction sites. The mapalso indicates the three exonsof the e-globin gene (solid

boxes). The 5’-most EcoRI site is the first nucleotide in the sequence provided by

U01317 and NG_000007.1 (whichis the version of NG_000007 that was publically

available at the earliest filing date of the present application; the current version is

NG_000007.3 and extends about 9 kb further upstream from that EcoRI site).
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25.

26.

27.

28.

29.
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In 1985, Tuan reported the locations of HS2, HS3 and HS4as being approximately

-11 kb, -14.5 kb and -17.5 kb upstream of the e-gobin gene coding sequence,

respectively. [Tuan, p. 6387, right col., second full paragraph,lines 8, 11-12 and 18].

In 1995, Sadelain described the core sequencesfor these three DNase hypersensitive sites

as follows:

a. HS2 being on a 478-bp HindIII-SnaBI fragmentincluding the known HindiIII-

Xbal fragment;

b. HS3 being on a 260-bp fragment including the Hph1-Fnu4HI segment, which

fragmentis 225 bp and located on a 1.9-kb HindIII-HindIII fragment(as

determinedin refs. 27 and 28 cited by Sadelain); and

c. HS4 being on a 283-bp Sacl-Aval fragment

[Sadelain, p. 6730,left col., first full paragraph, lines 13-19]. Refs. 27 and 28 cited by

Sadelain are Philipsen et al. (1990) EMBO J. 9:2159-2167 (Exhibit 7) and Philipsen eg al.

(1993) EMBO J. 12:1077-1085 (Exhibit 8), respectively.

With the foregoing information, and as described below, one can unambiguously identify

the three claimed HS-spanningrestriction fragments on the reference sequence ofthe

human B-globin LCR.

The analysis begins with obtaining the nucleotide sequences for U01317 and

NG_000007.1, which are identical with respect to restriction enzymesbeing analyzed.

For example, one can download the U01317 or NG_000007.1 sequence from the NCBI

website and use any convenient software to analyze the restriction sites. Many such

programsare available via the internet and mostlaboratories using recombinant DNA

techniques have such software. For purposes ofthis analysis, the New England BioLabs

program NEBcutter was used (available on the NEB website, www.neb.com). The

program allowsdirect input of the GenBank accession numberand determinesrestriction

sites and fragmentsizes for any restriction enzyme or combination of enzymes.

For simplicity, NG7 is used to refer to the reference sequence NG_000007.1, which was
the sequence usedin this analysis. The results would be the same with U01317 but

shifted by about 9000 nucleotides for NG_000007.3 (since that deposited sequence has

approximately 9000 more nucleotides upstream from nucleotide 1 of NG7.
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33.

34.

35.

36.
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Using NG7, one determinesthe location and numberofrestriction enzyme cutsites for

BstXI and SnaBI (HS2), for BamHI and HindIII (HS3) and for BamHI and BanlI (HS4).

Theresulting list of restriction sites and fragments sizes for the foregoing enzymes as

well as the enzymesrelevant to analyzing the core sequences (§ 25) are provided in

Exhibit 9 for HS2, Exhibit 10 for HS3 and Exhibit 11 for HS4.

To narrow the analysis to the relevant restriction sites, one finds the nucleotide start site

for the e-globin gene and only considersthoserestriction sites located upstream ofthat

point.

The e-globin genestart site is available in the literature, but is easily found in the

commentary to GenBank nucleotide sequences. For NG7,the e-globin transcript begins

at nucleotide 19289 and its coding sequenceat nucleotide 19541.

From this reference point and knowing that HS2 is located about 11 kb upstream from e-

globin gene, that HS3 is about 14.5 kb upstream and that HS4 is about 17.5 kb upstream,

one determines the approximate location for each HSsite. Hence, the general location of

HS2 should beat or near nucleotide 8200, the general location of HS3 should be at or

near nucleotide 4800 and the general location of HS4 should be at or near nucleotide

1800.

Thelocation of the HS2-spanning fragment is determinedfirst because there are only 3

SnaBIsites in the entire sequence and only one of them is upstream from the e-globin

gene, namely the site at nucleotide 8911.

From this information, the location of the HS2 core sequences must be on the HindIII-

SnaBlIfragment at nucleotides 8487-8911 and on the HindHI-Xbal fragmentat

nucleotides 8487-8911. Moreover, this means the SnaBIsite forms the 3’ end ofthe

HS2-spanning fragment.

To find the BstXI, it must be (i) upstream from the SnaBI site based on the known

location for the core sequences, and(ii) may not create a fragment that exceeds about 2.8

kb otherwise it would exceed the overall size limit to provide a 3.2-kb portion of the

LCR. The size of 2.8 kb is selected by assuming that the HS3- and HS4-spanning

fragmentsare at least as big as their corresponding core sequences, which total about 0.5

kb. One knows, in fact, that they must be larger.
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Only thefirst BstXI site upstream of the uniquely-determined SnaBIsite satisfies this

criteria, namely the site at nucleotide 8055. Hencethere is only onerestriction fragment

that spans HS2 and extends between BstXI and SnaBIrestriction sites in the human B-

globin LCR.

Thus, the HS2-spanning fragment in NG7is located at nucleotides 8055-8911 and

has a size of 857 bp (per the NEBCutter software).

The location of the BamHIsites used for HS3 and HS4are determined next. Building on

the foregoing information,i.e., that the BamHIsites mustbe located further upstream,

only three sites can possibly be used, namely those at 308, 3714 and 3877. Thesesites

are depicted abovein the figure from Li ({ 22). Knowing that the HS3 site should be

around nucleotide 4800 and the HS4site should be around nucleotide 1800, it means that

the BamHIsite at 308 forms the 5’ end of HS4-spanning fragmentandthat oneof the

other twosites form the 5’ end of the H3-spanning fragment.

Next, one locates the HS4-spanning fragment. As a pointof reference, the HS4 core

sequencesare in the Sacl-Aval fragmentat nucleotides 956-1234.

. Because Banll cuts the LCR sequence many times, one realizes that.the digestion must

have been done underpartial digestion conditions since a complete enzymatic digestion

would not provide a single BamHI-BanII fragment that spanned the HS4 core. Thus,

there are only two possible BanIIsites that yield a BamHI-BanlI fragment spanning the

HS4 core, namely those sites at 1388 and 2203. Of these two choices,the latter creates

an HS4-spanning fragment of 1891 bp, which when combined with the 857 bp HS2

fragment meansthat the remaining HS3-spanning fragment could be no greater than

about.45 kb (from 3.2 less .86 and 1.89). This possibility seems unlikely and is so

confirmed by determining the minimum size for the HS3-spanning fragment to be greater

than 1 kb.

In this regard, the HS3 core is located on a.1.9 kb HindIII fragment at nucleotides 3267-

5172. As expected, that fragment contains the 225 HphI-Fnu4HIfragment(nucleotides

4550-4773). Based on this data, the HindIII site at 5172 must form the 3’ end of the

HS3-spanning fragment because the next HindIII restriction site, at nucleotide 6159

going in the 3’ direction, would create a fragmenttoo large to provide an overall size of
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3.2 kb. Thisis true regardless of which BamHIsite is used(i.e., the size of the HS3

fragment using the HindIIIsite at 6159 is 2.2 kb for the closest BamHIsite (3878) and

163 bases longer with the other BamHIsite). Using the HindIII site at 5172 (and either

BamHIsite), means that the HS3-spanning fragmentis either 1.30 or 1.46 kb.

Accordingly, since the HS3-spanning fragment is greater than 1 kb, the HS4-spanning

fragment must be the smaller of the two possible BamHI-BanlI fragments to meet the

overall size requirement of 3.2 kb. That BanlI site is located at nucleotide 1388.

Thus, the HS4-spanning fragment in NG7is located at nucleotides 308-1388 and has

a size of 1080 bp (per the NEBCutter software).

Finally, one determines which BamHIsite forms the 5’end of the HS3-spanning fragment

by summingthe sizes of the three fragments and selecting the set that sums to 3.2 kb. As

stated in 937, the 3° end of this fragmentis the HindIII site at 5172 so that the HS3-

spanning fragment can be nucleotides 3715-5172 (1.46 kb) or nucleotides 3878-5172

(1.30 kb). The sizes of the three combined HS-spanning fragments are

0.86 + 1.30+1.08=3.24 OR 0.86+1.46+ 1.08 =3.40.

Since the smaller set satisfies the requirement that the overall size of the claimed LCR

portion be 3.2 kb, the BamHIsite must bethat at nucleotide 3878.

Thus, the HS3-spanning fragment in NG7is located at nucleotides 3878-5172 and

hasa size of 1295 bp (per the NEBCutter software).

In conclusion, the teaching of the specification and the languageof the claim when taken

in combination with well-known and publically available information, has been used to

unambiguously identify a 3.2-kb portion of a human 8-globin LCR with an HS2-spanning

nucleotide fragment extending between BstXI and SnaBIrestriction sites of the LCR, an

HS3-spanning nucleotide fragment extending between BamHIand HindIII restriction

sites of the LCR and an HS4-spanning nucleotide fragment extending between BamHI

and Banl]restriction sites of the LCR. .

I hereby declare thatall statements made herein of my knowledgearetrue andthatall

statements made on information and belief are believed to be true; and further that the
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undersigned acknowledges that any false statements ancl the like so made are punishable
by fine or imprisonmentwider § 1001 of Title 18 of the United States Code and that such

_ willful false statements may jeopardize the validity ofpry patent that may issue from
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Generation of a high-titer retroviral vector capable of expressing
high levels of the human B-globin gene

(hemoglobinopathies/gene therapy/locus control region)

MICHEL SADELAIN*T, C. H. JASON WANG", MICHAEL ANTONIOU?, FRANK GROSVELDTS,
AND RICHARD C. MULLIGAN*4

*Whitchead Institute for Biomedical Research and Department of Biology, Massachusetts Institute of Technology, Nine Cambridge Center, Cambridge, MA
02142-1479; and *Laboratory for Gene Structure and Expression, Medical Research Council National Institute for Medical Research, The Ridgeway,
Mill Hill, London, NW7, United Kingdom

Communicated by David E. Housman, Massachusetts Institute of Technology, Cambridge, MA, December 12, 1994

ABSTRACT Retrovirus-mediated gene transfer into he-
matopoietic cells may provide a means of treating both
inherited and acquired diseases involving hematopoietic cells.
Implementation of this approach for disorders resulting from
mutationsaffecting the B-globin gene(e.g., B-thalassemia and
sickle cell anemia), however, has been hampered by the
inability to generate recombinant viruses able to efficiently
andfaithfully transmit the necessary sequences for appropri-
ate gene expression. We have addressed this problem by
carefully examining the interactions between retroviral and
B-globin gene sequences which affect vector transmission,
stability, and expression. First, we examined the transmission
properties of a large numberofdifferent recombinantproviral
genomes which vary both in the precise nature of vector,
B-globin structural gene, and locus control region (LCR) core
sequences incorporated and in the placementand orientation
of those sequences. Through this analysis, we identified one
specific vector, termed M@6L, which carries both the human
f-globin gene and core elements HS2, HS3, and HS4 from the
LCRandfaithfully transmits recombinant proviral sequences
to cells with titers greater than 10° per ml. Populations of
murine erythroleukemia (MEL)cells transduced by this virus
expressed levels of human f-globin transcript which, on a per
gene copy basis, were 78% of the levels detected in an
MEL-derived cell line, Hull, which carries human chromo-
some 11, the site of the B-globin locus. Analysis of individual
transduced MELcell clones, however, indicated that, while
expression was detected in every clone tested (n = 17), the
levels of human f-globin treatment varied between 4% and
146% ofthe levels in Hu11. This clonal variation in expression
levels suggests that small B-globin LCR sequences may not
provide for as strict chromosomal position-independent ex-
pression of B-globin as previously suspected, at least in the
context of retrovirus-mediated gene transfer.

The successful treatmentof 8-globin disorders by gene therapy
will likely require the efficient and stable introduction of a
functional B-globin gene into self-renewing hematopoietic
stem cells. While we and others had established that retroviral

vectors encoding the human A-globin structural gene could
direct the erythroid-specific synthesis of B-globin in mice
engrafted with genetically modified bone marrowcells (1-4),
these studies suffered from two important limitations. First,
the retroviral titers generally obtained with those vectors made
it difficult to generate long-term bone marrow chimeras
engrafted with efficiently transduced cells. A second problem
was the variable and generally low level of human £-globin
expression in vivo observed in the reconstituted animals. 

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “advertisement”in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

Page 327 of 547

6728

Theprospects for increasing the level of B-globin expression
obtainable in retroviral vectors were dramatically improved by
the recent finding that DNA sequences located considerable
distances from the human f-globin structural gene on chro-
mosome11, termed locus control region (LCR) sequences(5,
6), play a critical role in the transcriptional control of genes
within the B-globin-like gene cluster (reviewed in refs. 7~9).
Specifically, transgenic experiments from a number of labo-
ratories have indicated that the linkage of LCR sequences to
the human £-globin structural gene dramatically increases the
level of expression of B-globin observed in erythroid cells
(10-13). Some studies further suggested that LCR sequences
maydiffer from classical transcriptional enhancer sequences in
that they provide for the chromosomalposition-independent
expression of linked genes (10-16). Smaller fragments, more
suitable for insertion into vectors, have recently been defined,
which have been reported to retain partial LCR activity
(17-29). Recent efforts by several groups to incorporate LCR
subfragments into B-globin retroviral vectors, however, have
resulted in vector rearrangements (ref. 30 and our observa-
tions), poortiters (31), or very low expression of the B-glabin
gene (32).

Wereport here a systematic study of the B-globin gene, LCR
core sites, and retroviral sequences that control vectortrans-
mission. This analysis has led to the generation of a high-titer,
genomically stable retroviral vector bearing the human f-glo-
bin gene and the LCR core sites HS2, HS3, and HS4. This
vector confers elevated and erythroid-specific expression of
the B-globin gene. Expression in different clones of transduced
murine erythroleukemia (MEL) cells is variable, however,
raising questions aboutthe ability of small LCR sequences to
confer position-independent gene expression, at least in the
context of a retroviral vector.

MATERIALS AND METHODS

Generation of Vectors and Packaging Cell Lines. The
retroviral vectors pSG and pMFGaredescribed elsewhere (33,
34). The B-globin gene was subcloned from pSVX-Neo(1).
The B-globin coding sequence (BCS) consists of a 444-bp Nco
¥-linker-containing B-globin sequence from the translational
Start to the stop codon derived from the cDNA. The HS2, HS3,
and HS4 fragments (see text and refs. 19-22 and 27-29) were,
respectively, given HindIII, EcoRI, and Mlu 1 linkers and
subcloned in all possible orientations in a Sac [I-HindIII-

Abbreviations: LCR,locus control region; LTR,long terminal repeat;
MEL, murine erythroleukemia; MLV, murine leukemia virus.
tPresent address: Department of Human Genetics, Memorial Sloan—
Kettering Cancer Center, Box 182, 1275 York Avenue, New York, NY

Present address: Department of Cell Biology, Erasmus University,
Postbus 1738, 3000 Dr Rotterdam, The Netherlands.

'To whom reprint requests should be addressed.
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EcoRI-Mlu I-Sac Ipolylinker. The vectors described herein,
lacking any selectable marker, were introduced by calcium
phosphate cotransfection with pSV2Neo (35) into the y-CRE
packaging cell line (36). After 10 days of selection in G418
(Geneticin, Sigma) at 1 mg/ml, the G418-resistant colonies
(>50 per transfection) were pooled by trypsinization and
grown in Dulbecco’s modified Eagle’s medium supplemented
with 10% calf serum, penicillin, and streptomycin without
G418.

Fibroblast Infection and Viral Transmission Assay. Five
milliliters of supernatant harvested from pooled producercells
was applied onto 10° NIH 3T3 fibroblasts. Polybrene (Sigma)
was addedat 8 »g/ml. After 4 hr, the conditioned medium was
removed. Three days later, genomic DNAwasextracted from
the confluent NIH 3T3 fibroblasts. For Southern analysis,
10-ug samples of genomic DNA from the producer and the
corresponding 3T3 target cells were digested overnight with
the restriction enzyme Nhe I [which cuts in both long terminal
repeats (LTRs)} and run side by side on a 1% agarose gel.
[2P]dCTP-labeled f-globin probes were generated by using
the human Nco I-EcoRI genomic template. Bandintensity was
quantified by using a phosphorimager (Fuji Bio-Imaging).
Vector signal intensity was normalized to that of the endog-
enous band. Very even loading in Figs. 1-3 allows for direct
reading of the gels as shown.

MELCell Infection and Screening. C88 MELcells were
grown in RPMI medium/10% fetal bovine serum/penicillin/
streptomycin. Infection was performed by a 48-hr cocultivation
of 105 MELcells, treated for the previous 18 hr with tunica-
mycin (Sigma) at 0.2 ug/ml, on the ecotropic producerin the
presence of Polybrene at 4 yg/ml. After cocultivation, MEL
cells were subcloned onto 96-well plates at 0.2 cell per well.
Single clones were then expanded and genomic DNA was
prepared. Infected clones were screened by PCR using the
primers GCAAGAAAGTGCTCGGTGin exon 2 and TCT-
GATAGGCAGCCTGCA in exon 3. The DNA ofpositive
clones was further analyzed by Southern blotting for copy
numberand integrationsite.

MEL Cell Induction and Globin mRNA Quantification.
After 4 days in 2% (val/vol) dimethyl sulfoxide, RNA was
extracted from each MELcell clone by using the lithium
chloride/urea procedure (37). This induction-extraction pro-
cedure was repeated at least once. RNA was quantified by
RNase protection (38) using probes described in ref. 39 for
human £-globin and a 180-nucleotide Pst -BarmHI genomic
fragment (40) for mouse a-globin. One to 2 wg of RNA per
extract was incubated with both admixed probes, which, after
RNase digestion, were electrophoresed on a 6% polyacryl-
amide/urea gel. Signal intensity for each band (the a-globin
serving as internal control for both induction and loading onto
the gel) was determined by using the phosphorimager.

RESULTS

Features of Retroviral Vector Design Which Affect Trans-
mission of the Human B-Globin Structural Gene. To assess the
titer and genomic stability of different retroviral vectors
bearing the human f-globin gene, we first developed a direct
assay to characterize and quantitate vector transmission. This
assay is based on a quantitative Southern blot analysis ofvector
copy numberin both transfected packaging cells and infected
3T3 fibroblasts. Supernatantis harvested from a poolof stable
virus-producing cell clones and used to infect the target
fibroblasts under defined conditions (see Materials and Meth-
ods). Southern blot analysis of vector DNA copy numberin the
polyclonal producer andtargetcells allows for a direct eval-
uation of average transmission for any retroviral construct.
This is achieved by direct comparison ofsignal intensity in both
genomic DNAextracts runside by side and therefore does not
rely on indirect readouts dependent on gene expression (such
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as G418 resistance). This method provides notonly for a direct
measurementof gene transfer but also for the detection of
rearrangements of any given construction. As shownin Fig. 1,
transmission of a minimal 1.8-kb B-globin gene and promoter
(—129 to +1650) cloned in reverse orientation in the pSG
vector (33) was not detectable in this assay (lanes A). Trans-
mission of the larger 2.8-kb Sph I-Pst I (—615 to +2163)globin
fragmentwasalso not detectable (data not shown). In contrast,
the B-globin coding sequence alone transmitted very well,
showing comparable signals in the packaging and target cell
DNAs (lanes B). The high titer of the latter vector, however,
wasgreatly reduced by inclusion of the core sites HS2, HS3,
and HS4 of the LCR(see below), which were introducedin the
vector upstream of the globin sequencein either orientation
(lanes C and D).

To determine which B-globin genomic sequences were re-
sponsible for the dramatic reduction in titer, we constructed a
set of recombinant vectors bearing systematic deletions of
untranslated regions of the gene. As shown in Fig.2, deletion
of the 5’ untranslated region and intron 1, either alone or in
combination, failed to increase viral titers (lanes A-D). De-
letion of intron 2 (lanes E) increased transmission to levels
similar to the coding sequence vector (lanes I), yet further
combined deletions did not increase titer any more (lanes
F-H). Because B-globin DNA templateslacking intron 2 direct
poor B-globin expression (refs. 24 and 41-44 and data not
shown), we examined transmission of two subintronic dele-
tions (from +518 to +1288 and +679 to +953). Both yielded
similar titers, which werestill 10-fold down from the intronless
gene (shown forthe first deletion, lanes J, Fig. 2). Therefore,
intron 2 alone accounts for reduced titers of B-globin gene, and
deletions within intron 2, while increasingtiter, still transmit
less well than intronless constructions.

Recombinant Human B-Globin Genes Yield Higher Titers
in the pMIFG Vector. Since decreased viral transmission may
result from a negative interaction between B-globin and ret-
roviral sequences, whichis only partially alleviated by intron 2
subdeletions, we compared transmission of B-globin sequences
in different vectors. Modifications of the length of gag se-
quence, replacement of the Moloney murine leukemia virus
(MLV) packaging signal by that of Ha-Ras MLV, and muta-
tion of the splice donorsite present in pSG failed to increase
vector transmission (data not shown). Subcloning recombinant
B-globin fragments into the pMFG vector (34), however,
significantly increased transmission (Fig. 3). Lanes A and D
show transmission of the full B-globin fragment; lanes B and
E, the genomic sequence bearing the intron 2 deletion shown
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Fic. 1. Comparison of vector transmission by Southern blot anal-

ysis of vector copy numberin the packaging cell (left lane) and target
cell (right lane) genomic DNA.In lanes A, 1.8-kb B-globin gene and
promoter;in lanes B, BCS; in lanes C and D, BCS and the three core
elements HS2, HS3, and HS4 in sense and antisense orientation,
respectively. See text for sequence description. Genomic DNA was
digested with Nhe I and blots were probed with a B-globin probe.
Controllanesshow signal intensity for one proviral copy per cell (1.0)
and one copyper twocells (0.5). Even loading (data not shown) allows
for directly comparing signal intensity between lanes.
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Fic. 2. Effect of B-globin gene untranslated sequences on vector

transmission. Southern blot analysis of packaging cell (YCRE,left
lane) andtargetcell (NIH 3T3, right lane) genomic DNA. Lanes: A,
1.8-kb B-globin gene and promoter; B, 5’ untranslated region deletion;
C, intron 1 deletion; D, B and C combined deletions; E, intron 2
deletion; F, B and E combined deletions; G, C and E combined
deletions; H, B, C, and E combined deletions; I, A-globin coding
sequence only; J, 770-bp intron 2 deletion. See Fig. 1 legend andtext
for sequences and methods.

in lanes J of Fig. 2; and lanes C and F,the globin coding
sequence, in the vectors pSG and pMFG,respectively. Com-
parison between lanes B and E shows a gain in titer of about
5-fold when the pMFG vector is used, showing that altering
vector sequences can affect transmission.

The Core Sites of HS2, HS3, and HS4 Can Be Incorporated
into a High-Titer Genomically Stable Retroviral Vector. Pre-
vious studies of LCR sequences hadindicated that a “minilo-
cus” approximately 20 kb in size, comprising sites HS1, HS2,
HS3, and HS4, possessed close to complete LCRactivity (10,
11, 14). However, because of the inability to transmit se-
quencesof such size in retrovirus vectors, we chose to attempt
to incorporate “core elements” of HS2, HS3, and HS4, which
are markedly reduced in size and have been shown toretain at
least partial LCR activity, into vectors carrying the B-globin
structural gene. The following sequences were employed for
our studies, based on studies in transgenic animals (17-22,
27-29): (i) the 283-bp Sac I-Ava I core HS4 fragment(29);(ii)
the 260-bp core HS3, including the Hph I-Fnu4HI segment
(27, 28) and the upstream NF-E2site, which encompasses all
sites footprinted in vivo (45, 46); and (iii) a 478-bp HindIII-
SnaBI HS2 fragment encompassingall sites footprinted in vivo
(45, 47) in the core HindIII-Xba I fragment (19-22) and most
of the adjacentalternating purine-pyrimidine stretch (21, 48).
As shown previously in Fig. 1, one specific orientation of the
sites greatly reduced proviral transmission. Accordingly, the
three sites were subcloned in such a waythatall eight permu-
tations of relative arrangement were generated. The resulting
cassettes were introduced, in sense and antisense orientations
upstream of the B-globin sequence in the high-titer B-globin
vector shown in lanes B of Fig. 1. As shown in Fig. 4,
transmission of these vectors shows significant variations with
regard to copy number and genomicstability (e.g., the two
species transmitted in lanes H). Among these 16 constructs, we
identified four combinations which were transmitted at high
titer without rearrangements (lanes A, E, L, and N). All bear
HS2 in the antisense orientation relative to retroviral tran-

C¢ dD EF.ano A BernrTTs

  
   

Fic. 3. Comparison of transmission of B-globin sequences in two
different vectors. Lanes A-C, pSG vector; lanes D-F, pMFGvector.
Lanes A and D, §-globin gene(as in Fig. 1, lanes A); lanes B and E,
intron 2 deleted minigene (as in Fig. 2, lanes J); lanes C and F, BCS
(as in Fig. 1, lanes B). See Figs. 1 and 2 for nomenclature and methods.
Signal intensity between lanes can be directly compared owingto very
even loading (data not shown) except for lanes F, which were loaded
with 5 yg.
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Fic. 4. Effect of HS orientation on vector transmission. Southern

blot analysis of packaging cell (y-CRE,left lane) and target cell (NIH
3T3, right lane) genomic DNA (see previous figure legends for
methods). The top band corresponds to the endogenous globin genes.
HSorientation (S, sense; s, antisense) in the vector is (in the order
HS4-HS3-HS2): A, Sss; B, reversed A; C, sss; D, reversed C; E, SSs;
F, reversed E; G, sSs; H, reversed G; I, SsS; J, reversed I; K, ssS; L,
reversed K; M, sSS; and N, reversed M. Lane 3T3, NIH 3T3.

scription. The reason for the lack of the endogenous band in
lanes E is unclear.

For further studies, we selected the combination with the
highesttiter and in which HS2 and HS3 wereoriented in the
same direction as the B-globin gene and adjacent to its
promoter. The resulting vector, MB6L, is shown in Fig. 5. In
summary, this construct contains a 2150-bp SnaBI-PstI B-glo-
bin fragmentincludinga full intron 1 and a 476-bp intron 2 and
lacking the 3’ enhancer [on the basis of other studies that
suggest it is redundantin the presence of the LCR (24)]. The
1-kb LCR fragment comprises the HS2, HS3, and HS4 core
sequences described above (Fig. 5A). Southern biot analysis of
NIH 373 cells transduced by MB6L indicates that approxi-
mately one proviral copyis transferred per cell (Fig. 5B). On
the basis of previous comparisons of proviral copy number and
titers measured by selectable marker expression (unpublished
results), the titer of MB6L is approximately 1 x 10° per ml.

MB6LDirects Elevated B-Globin Expression, Detectable at
All Integration Sites in MEL Cells. To test the biological
activity of MB6L, we chose MELcells as target cells for gene
transfer, as those cells have been extensively employed in
studies of B-globin transcription (10, 14-16, 23-26). A panel of
MELcell clones infected with MB6L was generated by cocul-
tivation of C88 MEL cells and virus-producing cells and
subsequentsubcloning by limiting dilution (see Materials and
Methods). Southern blot analyses confirmedthat intact vector
copies were integrated at different chromosomalpositions for
each clone (data not shown). Expression of human B-globin
was quantitated by RNase protection using total RNA ex-
tracted from dimethyl sulfoxide-induced clones. Levels of
human f£-globin mRNAtranscripts were measuredby using the
phosphorimager and normalized to endogenousa- or B-major
globin transcripts. This analysis is summarized in Table 1,
where values are normalized to human f-globin expression in
Hu11, a MELcell containing human chromosome 11 under
selective pressure (49), based on the comparison of their
respective human f to murine a mRNAratios (calculations
based on human 8/murine B-major yielded very similar re-
sults). In a pool of 10° unselected MELcells infected with the
parent vector lacking the LCR, M6, the mean level of
expression was 2.2% of that measured in Hu11. Mean expres-
sion was 78% in MELcell pools infected with MB6L. Human
B-globin transcripts were detected in NIH 3T3 fibroblasts but
at levels about 1/100 of the level measured from the equal
amount of RNA from induced MEL cells (Table 1). This
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Fic. 5. (A) Schematic representation of the MB6L vector. Black boxes represent the 6-globin exons. Arrows above the HS boxesindicate their

orientations. Numbers below delineated segments represent fragmentlength in bp. #+, packaging signal. White boxes at ends represent LTRs. See
text for exact sequences. SD,splice donor; SA, splice acceptor; MFG, 5’ sequences derived from the MFG vector; SG, 3’ sequences derived from
the SG vector. (B) Transmission characteristics of vectors MB6L and M6,the parent f-globin gene vector lacking the LCR fragment. Southern
biot analysis is carried out as in the previous figures. Length onleft is in bp.

finding is consistent with other studies of B-globin expression
in transfected fibroblasts (14, 15, 23, 24). In subcloned MEL
cells, the expression values ranged from 4% to 146% (MLI-
ML/7, Table 1). The level measured for each clone was very
stable upon repeated measurementas well as upon reinduc-
tion. Importantly, in this set of clones and others with slightly
different B-globin gene boundaries (MS and RCM, unpub-
lished observations), which represent a total of 17 clones,
human f-globin expression, albeit variable in amount, was
readily detected in all cases. This is in contrast to clones
infected with the vector lacking LCR sequences (M6), in
which human f-globin expression was undetectable in 3 of 4
clones (M1-M4; Table 1).

Table 1. Human f-globin expression in dimethyl! sulfoxide-inducedMEL cells and in NIH 3T3 fibroblasts

Hugs RNA/Ma
HuB gene RNApervector

Cell LCR copy number copy, %
MEL _ 0 0
Hull + 1 100

MEL/Mg6 - 0.5 2.2
MEL/MB6L + 1.6 3)
3T3/Mp6 - 1.9 0.2
3T3/MB6L + 18 0.6
M1 - 1 2
M2 - <0.1

M3 - 1 <0.1M4 - 1 <0.1

MLI + 1 61
ML2 + 1 101ML3 + 1 146
ML4 + 1 4
MLS + 3 28
ML6 + 4 35
ML7 + 5 74

Protected RNA transcripts were fractionated on a 6% polyacryl-
amide/urea gel and their radioactivities were measured by using the
phosphorimager. Results are expressed as human f-globin mRNA/
endogenous murine a-globin mRNAdivided by vector copy number,
normalized to the values measured in the Hu11 clone(see text). Values
in NIH 3T3 cells are expressed as human f-globin RNA divided by
vector copy numberin 1 yg of total RNA normalized to the human
6-globin signal in 1 yg of total RNA from dimethy] sulfoxide-induced
Hul1cells. In the first six lines, data from a large polyclonal cell
population; in the rest of the table, data from individual MELcell
clones.
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DISCUSSION

In this study, we report the resolution of two major obstacles
to the implementation of retrovirus-based genetic treatment of
B-globin disorders: first, the generation of a high-titer retro-
viral vector suitable for obtaining the efficient transduction of
hematopoietic stem cells and, second, the generation ofvectors
capable of expressing high levels of the B-globin gene in an
erythroid-specific fashion. Our systematic study of vector
transmission indicated problemsassociated with incorporation
of both the 8-globin structural gene itself and the LCR core
sequences. In the case of the #-globin structural gene, our
results parallel those of Miller et al. (43), who had observed
that the poor transmission of retroviral vectors carrying the
B-globin structural gene was caused by both untranslated
sequencesin the 5’ and 3’ regions of the Hpa I--Xba I B-globin
fragment and sequences within intron 2. Ourresults differ
slightly from those of that study in that we found that se-
quenceswithin intron 2 alone primarily account for the poor
transmission of B-globin vectors (Fig. 2). We found that
features of retroviral vector design also affected proviral
transmission of B-globin sequences. For example, modifica-
tions of the vector sequences juxtaposed to the 3’ end of the
B-globin gene indicated that including the Moloney MLV
splice acceptor region from pMFG (34) resulted in a 5-fold
increasein titer. Deletion of the U3 region of the 3’ LTR (33)
did not decrease titer and, in fact, led to a moderate (2-fold)
increase (data not shown).

Wealso confirmed the studies of Novak ef al. (30) that
suggested that LCR sequences can lead to significant vector
instability (data not shown). In our studies, even the core
fragments incorporated together led to decreased transmission
and vector instability in particular sequence arrangements
(Figs. 1 and 4). To overcome this problem, we examined the
transmission of all 16 permutations of the core sites, and we
identified combinations that result in stable transmission and

the highest titers (Fig. 4, lanes A, E, L, and N).
The LCR wasfirst functionally defined in vivo in transgenic

mice by using a 20-kb LCR fragment (10, 11), a 6.5-kb
fragment (15), or single HS sites (17-22, 27-29). Studies in
animals suggested that the LCR confers position-independent
expression, based on the calculation that B-globin expression
per transgene copy is relatively constant (7). However, it
should be noted that transgenic studies involving either com-
plete LCR or core sequences generally relied on the analysis
of cells possessing more than one copypercell. In contrast, our
use of retrovirus-mediated gene transfer made it possible to
examine the issue of position independence under conditions
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where one copy of the transcription unit per cell is integrated
in a precise reproducible way and in the absence of any
selection (50). In a panel of MEL cell clones representing
independentintegration sites, we found that expression was
detectable in all clones, yet ranged from 4% to 146% (Table
1) of human £-globin expression in the Hull] cell line in
single-copy clones (the variability decreases, as expected, in
multicopy clones). Our data therefore suggest that the LCR,in
this configuration, acts more like a classical enhancer than the
proposed function of an LCR (reviewedin refs. 7-10 and 51).
The absence of strictly position-independent expression (10,
14, 15) we observe raises the issues of whether the LCR can
truly confer position-independent expression when presentat
one copy per cell, whether the compact arrangementof the
transcription and chromatin regulators within our vector leads
to suboptimal interactions and inefficient LCR activity, or
whetherit is specifically the combination of core elements
which we have employed which lack this ability (see refs. 17-22
for HS2, 27 and 28 for HS3, and 29 for HS4). Whatever the
explanation, our data strongly suggest that it is important to
carefully reevaluate the characteristics of larger LCR-
containing sequencesin the context of single-copy insertions.

For the purposes of gene therapy the mostcritical test of the
LCR sequenceswill be the introduction of the virus genomes
described above into hematopoietic cells followed by their
transplantation. Theinability to obtain chromosomeposition-
independent expression of the human f-globin gene in the
context of single-copy insertions would make the prospects for
effective genetic treatment of hemoglobinopathies less likely
than previously believed.
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A single erythroid-specitic DNase I
super-hypersensitive site activates high
levels of human B-globin gene expression
in transgenic mice
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and RalphL. Brinster?
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Erythroid-specific DNase I super-hypersensitive (HS) sites that are normally located far upstream of the human
B-globin locus were inserted immediately upstream of a 4.1-kb fragment containing the human f-globin gene.
These constructs (HS B) and a construct containing the f-globin gene alone (8) were microinjected into
fertilized mouse eggs, and expression was analyzed in erythroid fetal liver and brain of day-16 embryos that
developed. Only 7 of 23 animals that contained the B gene alone expressed human B-globin mRNAin erythroid
tissue, and the average level of expression per gene copy was 0.3% of endogenous mouse B-globin mRNA.In
contrast, 50 of 51 transgenic mice that contained various HS 6 constructs expressed the transgene specifically
in erythroid tissue. The average level of expression per gene copy for constructs containing all five upstream HS
sites was 109% of endogenous mouse §-globin mRNA. Constructs that contained a single super-hypersensitive
site (HS II B) expressed 40% as much human f-globin as mouse B-globin mRNAper gene copy. Theseresults
demonstrate that the HS VI site, normally located downstream of the human §-globin locus, is not required for
high-level expression. Furthermore, the results demonstrate that high levels of human Q-globin gene expression
can be obtained in transgenic mice even whenarelatively small fragment of DNA (1.9 kb) containing
erythroid-specific super-hypersensitive site II (HS II) is inserted upstream of the human B-globin gene.

{Key Words: DNaseI super-hypersensitive sites; locus activation sequences; tissue specificity]
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The human -like globin genesare regulated precisely in
three important ways: They are expressed only in ery-
throid tissue, only during defined stages of development,
and at high levels. To determine the sequences respon-
sible for these three levels of control, we and others have
microinjected human globin gene constructs into fertil-
ized mouse eggs and analyzed their expression in an-
imals that developed (Costantini et al. 1985; Townes et
al. 1985a,b; Kollias et al. 1986). These studies have dem-
onstrated that sequences upstream, within, and down-
stream of the human 8-globin geneare involvedin adult,
erythroid-specific expression (Behringer et al. 1987;
Kollias et al. 1987, Trudel and Costantini 1987).

Although transgenic mice that express human B-
globin mRNAat levels equivalent to mouse §-globin
mRNAhavebeen produced with relatively smal] human
B-globin gene constructs, many of the animals express
the transgene at low levels and others do not express the
gene at all. Also, the highest expressors generally have
the highest number of transgenes per cell. Recently,
Grosveld et al. (1987) demonstrated that high levels of

human P-globin gene expression can be obtained in an-
imals with a single copy of the transgene if sequencesat
the extreme ends of the human §-globin locus are in-
cluded in the injected constructs. Several years ago,
Tuan et al. (1985) andForresteret al. (1986) mappedsites
that were super-hypersensitive to DNase I digestion in
these regions. These DNase I super-hypersensitive (HS}
sites are located 6—22 kb upstream of the e-globin gene
and 19 kb downstream of the B-globin gene. Thesites are
presentspecifically in erythroid tissue at all stages of de-
velopment. Figure | depicts the locations of these sites
in the human 8-globin locus.

Thestructure of mutant loci from patients with sev-
eral hemoglobinopathies suggests that the upstream HS
sites are required for efficient B-globin gene expression
in humans(Bunn and Forget 1986; Stamatoyannopoulos
et al. 1987). English and Dutch ydf-thalassemias re-
sult from deletions that removeall of the upstream HS
sites (Fig. 1}. Although the B-globin gene is intact in
these patients, no B-globin mRNAis produced from the
mutantalleles. On the other hand, several other dele-
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Figure 1. Human -globin locus. A 100-kb region of human chromosome 16 containingthe B-like globin genesis illustrated. Ery-
throid-specific HS sites located 6-22 kb upstream of e and 19 kb downstream of B are marked by arrows (Tuan etal. 1985; Forrester et
al. 1986). The lines beneath the locus representdeletions involved in Hispanic (C. Driscoll, pers. comm.}, English, and Dutch y&@-thal-
assemias and twodeletion forms of HPFH (Bunn and Forget 1986; Stamatoyannopoulosetal. 1987}. The Hispanic patient described by
C. Driscoll et al. (pers. comm.) has a BS allele on the affected chromosomebut does not make any sickle hemoglobin.

tions suggest that the downstream site may notbe es- were microinjected into fertilized mouse eggs, and the
sential. High levels of human y-globin gene expression levels of human B-globin mRNA were analyzed in mice
are observed in patients with two deletion forms ofhe-
reditary persistence of fetal hemoglobin (HPFH-1 and
HPFH-2}. Both of these mutantalleles lack the down-
stream super-hypersensitive site (HS VI; see Fig. 1). To
determine whether the downstream site is required for

that developed. Constructs containing only HS I and HS
Il or HS II alone were also tested to determine the min-

imum numberof HSsites required for high level expres-
sion of the human @-globin gene in transgenic mice.
Results

high level expression of the human B-globin gene, we
have made constructs containing all of the upstream
sites but lacking the downstream site. These constructs

Production of HS f-globin transgenic mice

Figure 2 illustrates the seven constructs that were puri-
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Figure 2. HS § and B constructsinjected into fertilized mouse eggs. HS I-VI B, HS I- V (30) 8, and HS I-V (22} @ were constructed
from A clone fragments containing the HS sequences(Liet al. 1985; D. Flenor and R. Kaufman, unpubl.). The numbersin parentheses
representthe sizes of the upstream fragmentsin kilobase pairs. These fragments and a fragmentcontaining the human B-globin gene
were inserted into the cosmid vector pCVQ0I,as described in Methods. HSI,]I {13} B and HS I (7.0) B were derived from the HS I-V (22)
B cosmid clone. HSII (5.8) ® and HS II (1.9) B were cloned as plasmids, as described in Methods. The B-globin genein all of these
constructs is on a 4.1-kb Hpal—Xbal fragment containing 815 bp of 5’-flanking sequence and 1700 bp of3’-flanking sequence. The
Hpal site was changed to Clal, and the Xbal site was changed to Sall in all constructs except HS I-VI 8, where the Xbal site was
changed to Xhol. In all cases, the fragments were cut out of cosmid or plasmid clones, purified from vector sequenceson low gelling
temperature agarose gels, and microinjected into fertilized mouse eggs as described by Brinster et al. (1985).
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fied from vector sequences and injected into fertilized
mouse eggs. These eggs were transferred into the uteri of
psuedopregnant foster mothers, and the embryos were
removed after 16 days of development. Total nucleic
acids were prepared from the erythroid fetal livers and
from brains, and transgenic mice were identified by
DNAdothybridization with B-globin and HSI-specific
probes. Fetal liver DNA from positive animals was then
analyzed by Southern blotting to determine transgene
copy number and integrity. Figure 3 illustrates the
Southern blots used to determine transgene copy
number, Lanes 1-3 of each blotare herring sperm DNA
spiked with the equivalentof 50, 5.0, and 0.5 or 25,2.5,
and 0.25 copies per cell of the respective construct; lane
4 is human DNA, and lane 5 is a nontransgenic mouse
control. The controls and fetal liver DNA from each
sample were digested with BamHI and Pstl, and blots
were hybridized with a human 8-globin IVS 2 probe. A
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Figure 3. Southern blot analysis of HS 6 and B transgenic
mice. Ten microgramsof fetal liver DNA or control DNA was
digested with BamHI and PstI and separated on 1.0% agarose
gels. After blotting onto nitrocellulose, the samples were hy-
bridized with a human B-globin-specific probe derived from the
second intron. (Lanes 1—3) Herring sperm DNAspiked with the
equivalent of50, 5.0, and 0.5 or 25, 2.5, and 0.25 copies per cell
of the respective construct; (lane 4) human DNA;(lane 5} a
nontransgenic mouse control. The single 1.7-kb band observed
in all of the samples, except the negative controls, represents
the fragmentgenerated from digestion of the BamHI site in the
second exon of the human B-globin gene and the PstI site lo-
cated 559 bp downstream of the poly(A) site. The intensity of
this band was compared to the standards in lanes 1—4 to deter-
mine transgene copy number. The numberof copies per cell of
the transgeneis listed in parenthesis after each sample number.

single 1.7-kb band was observed in all of the samples
except the negative controls. The intensity of this band
was compared to the standards in lanes 1—4 to deter-
mine transgene copy number. The numberof copies per
cell of the transgene is listed in parenthesis after each
sample number. These values ranged from 0.25 to 150
copies per cell. Mice that contained less than one copy
per cell are probably mosaics that integrated the trans-
gene at the two- or four-cell stage. All of the samples
were cut with several other enzymes and Southern blots
were probed with various HSsite and B-globin probes to
determine transgene integrity (data not shown}. All of
the animals contained intact constructs except for
samples 5140 and 5153 of HS II (5.8) B. Although the
human f-globin gene wasintact, the HSII site in both of
these samples wasrearranged.

Expression of human f-globin mRNAin HS p-
transgenic mice

Human and mouse f-globin mRNAlevels were deter-
minedfor each fetal liver and brain sample by solution
hybridization with oligonucleotide probes as described
previously (Towneset al. 1985b). In addition, fetal liver
RNA was analyzed for correctly initiated human B-
globin and mouse a- and B-globin mRNAsbyprimerex-
tension. Mice switch directly from embryonic to adult
hemoglobin synthesis when fetal liver becomes the
major site of erythropoiesis at 13-17 days of develop-
ment. Therefore, 16-day fetal liver is considered an adult
erythroid tissue. Figure 4 illustrates the primer exten-
sion gel of fetal liver RNA from HS I-VI B transgenic
mice. The HS I-VI construct containsall five upstream
and one downstream DNase I HSsites flanking the
human £-globin gene(Fig. 2). Lane 1 is human reticulo-
cyte RNA, and lane 2 is fetal liver RNA from a non-
transgenic mouse control. The authentic human B-
globin primer extension productis 98 bp, and the correct


