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(57) Abstract

The invention concemns the use of duplex oligonucleotides having both 2’-deoxyribonucleotides and ribonucleotides, wherein there is
base pairing between the two types of nucleotides. The sequence of the oligonucieotide is selected so that the 3 and 5° most regions of
the oligonucleotides are homologous with (identical to) the sequence of a preselected target gene of a cell. The two regions of homology
embrace A region that is heterclogous with the target sequence. The introduction of the oligonucleotide into the nucleus of the cell causes
the alteration of the target gene such that the sequence of the altered target gene is the sequence of the heterolo gous region. Consequently,
the oligonucleotides of the invention are termed chimeric muration vectors (CMV), In one embodiment of the invention the target gene is
a plobin gene and the target cell is a hematopoietic stem cell. This embodiment can be used to correct cettain hemoglobinopathies such as
Sickle Cell Disease, -thalassemia and Gaucher Disease. The rate of correction of the globin gene is high enough so that ne selection of
the treated hematopoictic stem cells is required to obtain a therapeutically significant effect. In ons emboditment the ribonucleotides of the
CMV contain methylated 2'-0,
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METECDS AND COMPQUNDS FOR CURING DISEASES CAUSED BY MUTATIONS
I. FIELD OF THE INVENTION

The field of the invention concerns cures for diseases caused
by mutations that result abnormal levels of or products of
the mutated gene in hematopoietic cells or any other cell-
type that can be removed from a subject, cultured and
reimplanted. The cure is effected by pairing the mutated
gene of the subject by homologous recombination between the
mutated gene and a chimeric repair vector (CRV), which is an
nucleic acid having both deoxyribonuclectides and
ribonuclectides. More particularly, the field concerns the
repajr of the mutations that cause Sickle Cell Disease, A-
thalassemia and Gaucher Disease,

II. BACKGROUND OF THE INVENTION

A. Diseases Caused by Mutations of Genes Expressed by
Hematopoietic Cells and Their Treatment by Bone
Marrow Transplantation

1. Hemoglobinopathies and Gaucher Disease

There are cver 500 known structural variants of
hemoglocbin. Most persons having a variant hemoglobin are
asymptomatic or only mildly affected. Three common variants
are associated with significant disease. Two, HbS (Sickle
Hemoglobin) and HbC, are point mutations in the codon
encoding Glu® of B-globin and are feund in Africans and their
descendants. HbC results from the substitution G-A in the
first position of codon 6 and HbS results from the
substitution A-T in the second position of codon &, producing
Lys® and val® respectively. The third common structural
variant of hemoglobin associated with disease, HbE, results
from the substitution G-A in the first position of codon 26,
encoding Glu® resulting in a Lys® and is found primarily in
the Southeast Asian population and their descendants.
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Persons heterczygous for HbS, HbC or HbE do not have

-significant symptoms. However, HbS homozygotes, HbS/HbC
heterozygotes, and heterozygotes for HbC or HbE and an allele
. of Bf=thalassemia are sevefely effected and reguire fregquent
5 medical attention.

Thalassemias are a class of hemoglobinopathies wherein
there is an imbalance between the rate of synthesis a-globin
and 3-globin. The thalassemias are classified according to
the mutated gene, o or B, and whether there is a complete,

10 e.g., a°® and B°, or partial reduction, e.g., ¢* and B%, of
the affected globin.

There are two functional a-globin genes in the haploid
human genome, which are closely linked. The most common
causes of e-thalassemia are deletions or rearrangements of

15 the linked a-gleobin genes or of the a¢-globin locus control
region.

By contrast the common causes of B-thalassemia are point
mutations. The most common cause is a G—A substitution at
pogition of 110 of the B-globin gene, which creates a novel

20 splice acceptor site in the first intron (IVS1).

About 100 different types B~thalassemia have been
characterized. Of the characterized mutations only 14 are
dominant, i.e., cause a significant clinical condition when
heterozygous with a wild-type B-globin allele. The remaining

25 mutations lead to a severe clinical condition, termed
thalassemia major, when homozygous or when heterozygous with
a second f-thalassemia gene. A detailed review of
Hemoglobinopathies is found at Weatherall et al. in THE
METABOLIC AND MOLECULAR BASIS OF INHERITED DISEASE 7th Ed.,
30 Chapter 113 (McGraw-Hill, New York, 1995)

Gaucher Disease is a lysosomal glycolipid storage
disease. There are three recognized types. Type 1 Gaucher
Disease is most prevalent in Ashkenazic (Eastern European)
Jews and their descendants; Type 2 is panethnic and Type 3 is

35 most prevalent in Northern Sweden. The cause of Gaucher
Disease is a defect in the enzyme glucocerebrosidase, also
termed acid B-glucosidase. Glucocerebrosidase is expressed
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in the macrophage/monocyte cell-type, which originate from
‘the bone marrow.
There are three different, common mutations that cause

Gaucher Disease: an A~ substitution at nuclectide 1226 of

5 the mRNA, which causes a Asn—Ser substitution at residue 370
of glucocerebrosidase (the N3705 mutation); a T-C
substitution at nucleotide 1448 of the mRNA, which causes a
Leu~Pro substitution at residue 444 of glucocerebrosidase
(the L444P mutation); and a duplication of a G* nuclectide

10 which resulfs in a frameshift mutation (the 84GG mutation).
The N3705 and 84GG mutations are associated with the
Ashkenazic population while the L444P mutation is associated
with the Northern Swedish population and with sporadic
mutations.

15 Uncommon, but not rare, mutations in the coding sequence
that cause Gaucher Disease have been identified as follows:
at 754, T-A; at 1192, C-T; at 1183, G-3a; at 1297, ¢~T; at
1342, G-C; at 1504, C-T; and at 1604, G-A.

The mutations that cause Gaucher Disease are recessive,

20 i.e., an individual with one wild-type glucocerebrosidase
allele is asymptomatic. Individuals which are homozygous for
the N3705 mutation frequently develop only a mild form of the
disease late in life. By contrast, individuals homozygous
for the L444P nmnutation have the more severe Type 2 and Type

28 3 Gaucher Disease. The 84GG nutation results in a product
with no enzymatic activity and results in severe clinical
disease in the homozygous state. Of the uncommon mutations,
the mutations at nucleotides 754, 1192, 1297 and 1342 are
associated with severe forms of the disease. A detailed

30 review of Gaucher Disease can be found in Beutler, E. &
Grabowski in THE METABOLIC and MOLECULAR BASIS OF INHERITED
DISEASE 7th Ed., Chapter 86 (McGraw-Hill, New York, 199%8).

35
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2. The Treatment of Diseases Caused by Mutations
by Bone Marrow Transplantation

The treatment of severe cases of f-thalassemia and

sickle anemia by allogenic bone marrow transplantation from
HLA-matched bone marrow having a normal B-globin gene has
been reported to have clinical benefits. Giardini, C., et
al., 1995, Annu. Rev. Med. 46:319-30(thalassemia); Lucarelli,
G., et al., 1991 Hematol. Oncol. Clin. North Am. 5:549
(thalassemia}); Kalinyak, K.A., et al., 1995, Am., J. of Hemat.
48:256-61 (sickle cell); Abboud, M.R., et al., 1994, Am, J.
of Ped. Hem/Onc 16:86-89 (sickle cell); Kirkpatrick, D.V., et
al., 1991, Semin. Hematol. 28:240 (sickle cell). The
clinical resulte indicate that engraftment, when successful,
is curative. Engraftment can be persistent; reports of 3 to
8 year follow-up periods without rejection are found.
However, there is a significant failure rate due to the
development of graft versus host disease and maintenance
doses of immunosuppressive drugs such as cyclosporin are
needed. There can alsec be significant difficulties in
obtaining HLA-matched bone marrow.

Allogeneic bone marrow transplantation for the treatment
of Type 1 Gaucher Disease has yielded substantially
equivalent results to those described above for thalassemia.
Ringden, ©., et. al., 1995, Transplantation 59:864; Chan,
K.W., et al., 1994, Bone Marrow Transplantation 14:327. The
use of bone marrow transplantation to treat the more severe
Types 2 and 3 Gaucher Disease, which have central nervous
systenm involvement, also has been reported to have favorable
outcomes. Tsai, P., et al., 1992, Pediatr. Res. 31:503;
Svennerholm, L., et al., 1991, Dev. Neurosci. 13:345-51, 1In
contrast to the globin genes, an effective level of
expression of glucocerebrosidase can be obtained by use of
viral expression vectors, which suggests that
autotransplantation of transduced bone marrow can be an
effective therapy for Gaucher bisease. KXarlsson, S. &
Correll, P.H., 1993, Bone Marrow Transplantation 11{Suppl
1):124-7.
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B. Chimeric Oligonucleotides Having DNASRNA Base Pairs

An oligonucleotide having complementary
deoxyribonucleotides and ribonucleotides and containing a
sequence homologous to a fragment of the bacteriophage
M13mpl9, was described in Kmiec, E., et al., November 1994,
Mol. and Cell. Biol. 14:7163-7172. The oligonucleotide had a
single contiguous segment of ribonuclectides. Rniec et al.
showed that the oligonucleotide was a substrate for the REC2
homologous pairing enzyme from Ustilage maydis.

Patent publication WO 95/15972, published June 15, 1995,
and corresponding U.S. patent application Serial No.
08/353,657, filed December 9, 1994, described chiweric repair
vectors (CRV) for the introduction of genetic changes in
eukaryotic cells, Examples in a Ustilagc maydis gene and in
the murine ras gene were reported. The latter example was
designed to introduce a transforming mutation into the ras
gene so that the successful mutation of the ras gene in NIH
373 cells would cause the growth of a ¢olony of cells
("transformation"}. The WO 95/15972 publication reported
that the maximum rate of transformation of NIH 3T3 was less
than 0.1 %, i.e., about 100 transformants per 10° cells
exposed to the ras CRV. In the Ustilago maydis system the
rate of transformants was about 600 per 10°. A chimeric
vector designed to introduce a mutation inteo a human bcl-2
gene was described in Emiec, E.B., February 1996, Seminars
in Oncology 23:188.

A CRV designed to repair the mutation in codon 12 of K-
ras was described in Kmiec, E.B., December 1995, Advanced
Drug Delivery Reviews 17:333-40. The CRV was tested in Capan
2, a cell line derived from a human pancreatic
adenocarcinoma, using lipofectin to introduce the CRV into a
the Capan 2 cells. Twenty four hours after exposure to the
CRV, the cells were harvested and genomic DNA was extracted;
a fragment containing codon 12 of K-ras was amplified by PCR
and the rate of conversion estimated by hybridization with
allele specific probes. The rate of repair was reported to
be approximately 18%.
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A CRV designed to repair a mutation in the gene enceding
liver/hone/kidney type alkaline phosphatase was reported in
Yoon, K., et al., March 1996, Proc. Natl. Acad. Sci. 93:2071.
The alkaline phosphatase gene was transiently introduced into
CHO cells by a plasmid. Six hours later the CRV was
introduced. The plasmid was recovered at 24 hours after
introduction of the CRV and analyzed. The results showed
that approximately 30 to 38% of the alkaline phosphatase
genes were repaired by the CRV.

III. SUMMARY OF THE INVENTION

The present invention provides a method of curing a
human subject's genetic disease that is caused by a mutation
in a target gene. The invention encompasses the repair of a
disease-causing mutation in a gene of a cell-type of a
subject, wherein the cell-type can be removed from the
subject, cultured and repaired ex vivo by introducing CRV
into cells of the cell-type, and reimplanted in the subject,
wherein the repair of the mutation in the reimplanted cell or
its progeny is therapeutically effective. GCenerally the
repair of greater than 25% of recessive mutations and the
repair of greater than 50% of dominant mutations in a
population of cells of a cell-type are therapeutically
effective rates of repair.

In one embodiment of the invention the target gene is of
the type that normally expressed in bone marrow cells or the
progeny of bone marrow cells, collectively, hereinafter
"hematopoietic cells." Thus, one embodiment of the invention
is a method comprising the steps of placing hematopoietic
stem cells (HSC) from the subject in a culture medium,
introducing a chimeric repair vector (CRV) into the HSC to
repair the target mutation and transplanting the CRV-
containing HSC into the subject.

The invention encompasses the repair of any
mutation other than large deletions or insertions, i.e.,
deletions or insertions of greater than about 6 bases,

-6 -
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translocations and intrachromosomal rearrangements. In
preferred embodiments the invention encompasses the repair of
single base substitutions ("point mutations") and deletions
or insertions of 1, 2 or 3 contiguouns bases.

Further embodiments of the invention are the CRV, which
are oligonucleotides of between about 40 and about 100
nucleotides, of which between about 12 and about 4§
nucleotides have a 2°' hydroxyl or 2'-hydroxylmethyl groups.
The CRV comprises a segment having a sequence which is the
same as the wild type sequence of the target gene that spans
the mutation that causes the subject's disease. The CRV
consist of an oligonucleotide, which is duplex, i.e., the
nucleotide bases are Watson-Crick paired, except for two
regions of about 4 unpaired nucleotides that allow the
oligonucieotide to form hairpin ends. In particular
embodiments, the invention encompasses CRV having the
sequence of human glucocerebrosidase gene and globin genes
and the human B-glebin promoter.

IV. BRIEF DESCRIPTION OF THE FIGURES

Pigure 1. General form of an embodiment of a Chimeric Repair
Vector.

Figures 2A and 2B. Pigure 2A shows the sequence and
structure of oligonucleotide Dhl (SEQ ID NO: 91} and chimeric
oligonucleotides Chl (SEQ ID NO: 88}, ch2 (SEQ ID NO: 89) and
Ch3 (SEQ ID NO: 90). Figure 2B illustrates the relationship
between the sequence of CRV Chl and the alkaline phosphatase
gene (SEQ ID NO:92). DNA nucleotides are UPPER CASE; RNA
nucleotides are lower case.

Figure 3. The seguences of the codons 3-~9 and adjacent
dinucleotides of codons 2 and 10 of B-globin (nt 1-25 of SEQ
ID No: 93), B'-globin (nt 1-25 of SEQ ID NO:94), §-globin
(SEQ ID NO: 98), and chimeric vectors 5C1-5C5 (SEQ ID NO: 93«
97). DNA and RNA nucleotides are indicated as in Figure 2A.
Figure 4A and 4B. Figure 4A and 4B show the fraction of
copies of B-globin converted from 8° to 8% as a function of nM
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SC1 added and of B* to B® as a function nM of Scz,
respectively, in cultures of EB-transformed lymphoblasts.
Figure 5. Figure 5 shows the fraction of coplies of p-
globin converted 8* to B® as a function of ng 5C2 added to
cultures of cd34% hematopoietic stem cells.

V. DETAILED DESCRIPTION OF THE INVENTION

The invention provides Chimeric Repair Vectors (CRV) and
a method of their use, termed "chimeroplasty," to correct a
deleterious mutation in a non-transformed cell from a human
subject of the type that can be transiently placed in a cell
culture. Chimeroplasty is the process of placing a
population of suitable cells (target cells) in culture, with
or without undergoing growth, exposing the cultured cells to
the CRV and reimplanted cells into the subject. The present
invention is based, in part, on the discovery that the use of
CRV according to the invention results in the repair of over
30% of the copies of the targeted gene and can result in the
repair of over 50% of the copies of the targeted gene.

In one embodiment the target cells are hematopoietic
cells and, particularly hematopoietic stem cells. BAs used
herein hematopoietic cells includes both precursors and
mature cells of the erythroid, lymphoid monocytoid
(macrophage) and granulocytic lineages. Asg uged herein
hematopoietic stem cells (HS5C) includes all cells found in
either the bone marrow or the peripheral blood that can
repopulate the bone marrow space and produce progeny of the
hematopeietic lineage.

A, Digseases Susceptible to Treatment By the Invention

The present invention can be used to cure any genetic
disease that 1s caused by the production of an abnormal gene
product or over or under expression of a normal product in
hematopoietic cells, which is caused by a mutation other than
an large insertion or a deletion mutation or a
intrachromosomal rearrangement or translocation.

- 8 -
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An large insertion or deletion mutation is a mutation,
An which more than six contiguous nuclectides are inserted or
deleted compared to the normal or wild type sequence. Types
of mutations that can be cured by the present invention
include: any mutation caused by the replacement of a
nuclectide by a different nucleotide, including replacements
of up to 3 and up to 6 contiguous nucleotides; any mutation
caused by the insertion or deletion of up to 3 contiguousg
nucleotides; and, alternatively, any mutation caused by the
insertion or deletion of up to 6 contiguous nucleotides. The
types of mutations that can be cured by the present invention
are termed herein "CRV-repairable mutations.,"

A CRV-repairable mutation can be in any human gene. Aas
used herein a gene refers to either a structural gene, e.qg.,
exons and intervening sequences of a gene encoding a protein,
or in a control element, e.9., a promoter or enhancer of a
structural gene. The invention also encompasses the cure of
diseases caused by several CRV-repairable mutations in the
same gene. A single CRV can correct non-contiguous peoint
mutations that are within about 30 nuclectides of each other.
Alternatively, diseases can be treated by introducing
mixtures of multiple CRV into the HSC of the subject such
that each of the CRV-repairable mutations can be repaired by
one CRV of the mixture. The invention encompasses CRV having
a sequence which can repair any mutated human gene the
expression or lack of expression or over expression of which
in hematopoietic cells or progeny of HSC is a cause of a
disease in subject. 1In one embodiment, the invention
excludes the ras gene, see Taparowski, E., 1982, Nature
300:762; Sukumar, S., et al., 1983, Nature 306:658,; in an
alternative embodiment the invention excludes the ras gene
and the alkaline phosphatase gene, Weiss, M.J., et al., 1988,
Proc. Natl. Acad. Sci. 85:7666.

Non-limiting examples of diseases that can be cured by
the invention include: hemoglobinopathies caused by CRV-
repairable mutations in a globin structural gene, such as
sickle cell disease; B-thalassemia, a disease of under

- 9 -
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expression of the B-globin gene caused by a CRV-repairable
mutation in the B-globin promoter or the 8-globin structural
gene; and the forms of Gaucher Disease that are caused by one
or more CRV-repairable mutations in the glucocerebrosidase
structural gene. As used herein the term "structural gene"
refers to the DNA that encodes the gene product; the term
"gene" includes regulatory seguences, i.e, promoters and
enhancers, introns and exons. The term "sequence of a gene"
refers to the sequence of the coding strand of a gene. The
complement thereof is the sequence of the non-coding strand.

The location of the CRV-repairable mutation or mutations
in any subject can be identified by technigques well known to
those skilled in the art. The location of the mutation in
Sickle Cell Disease (SCD) is in the codon encoding the 6th
codon of the B-globin.

Except in the few conditions, where the location of the
responsible point mutation is well known, the target gene
from the subject to be treated should be sequenced to
identify the location of the point mutation. For example
more than 500 point mutations in globin genes have been
described. (Bunn, H.F. & Forget, B.G., 1986, HEMOGLOBIN:
MOLECULAR, GENETIC AND CLINICAL ASPECTS, W.B. Saunders,
Phil.) similarly no one mutation causes Gaucher Disease
(Hong, C.M., et al., 1990, DNA Cell Biol. 9:233-41) or B-
thalassemia (Kazazian, H.H., 1990, Seminars in Hematology
27:209-228) . Technigues to identify particular point
mutations are well known to those skilled in the art.

B. Recovery, Culture and Transfection of HSC

Hematopoietic Stem Cells (HSC) are recovered from the
peripheral blood or the bone marrow of the subject using any
technique now known to those skilled in the art or to be
developed. HSC can be conveniently obtained from a subject
by apheresis according to techniques well known to those
skilied in art. 1In one embodiment, the subject can be given
Granulocyte-Celony Stimulating Factor for 3 days prior to and
during 4 days of cell apheresis. The apheresed mononuclear

- 10 -
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cells are isolated by density gradient centrifugation or
equivalent procedure, adherent cells are removed, and the HSC
are isolated by anti-cp3a antibody. Commercially available
colunns sold under the trademarks CellPro and Isolex or their
equivalents are suitable to practice the inventien.

Patients with Sickle cell Disease are susceptible to
sickle cell crisis, which can be precipitated by the
administration of G-CSF. Therefore, prior to initiation of
the pre-apheresis crisis the subject should be given a
prophylactic exchange transfusion.

Cells can be transfected with the CRV by any technique
now known or to be developed faor transfecting cells with DNA,
Such technigues include electroporation, liposome transfer
and calcium phosphate precipitation. In one embodiment the
transfection is performed with a liposomal transfer compound,
€.9., DOTAP (N-{1-{2,3-Dioleoyloxy)propyl]-N,N,N-
trimethylammonium methylsulfate, Boehringer-Mannheim) or its
equivalent. The amount of CRV is not critical to the
practice of the invention; good results can be achieved with
10 nM/10° cells. A ratio of about 500 ng of CRV in 3 ug of
DOTAP per 10° cells can be used. The transfection technigue
of Examples 1-3, infra., can be used with the modification
that the transfected cells are cultured in serum free media,
media supplemented with human serum albumin or human serum.

In one embodiment of the invention, the apheresed HSC
are transfected by exposure to a CRV and liposomal transfer
compound mixture immediately after isclation and are allowed
incubated for between from about 6 to 16 hours. The
transfected cells are then washed to remove unabsorbed
liposomes and cryopreserved according the techniques well
known in the kone-marrow transplantation art.
Cryopreservation is accomplished in culture medium containing
10% DMSO at a cooling rate of about 3°c/min.

- 11 -
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C. Transplantation of the Repaired HsC

The repaired HSC can be transplanted into the subject
using any of the technigues that are presently used for
allotransplantation of HLA-matched bone marrow precursor
cells in patients with sickle cell disease or with p-
thalassemia. The subject undergoes a cytoreductive procedure
immediately following the apheresis to obtain bone marrow
cells. A dose of between 800 and 1200 Rads of total body
irradiation can be used. Alternatively, bone marrow
cytotoxic agents can be used. Any regime that can be used to
prepére a subject for bone marrow implantation can be used,
Regimes such as a combinaticn of busulfan 3.5 mg/Kg/day, and
cyclophesphamide 50 ng/kg/day each for 4 days prior to
transplantation can be used. Alternatively, a dose of
busulfan 4.0 mg/Rg/day with a lessor or no cyclophosphamide
can be used to obtain significant if not complete ablation of
the host bone marrow. The repaired HSC can be infused
through a peripheral vein. The total dose of repaired, CD34°'
cells to infused can be any dose that is effective to
reconstitute the subjects bone marrow. Typically between
about 1-4 » 10° cpa4+ (HSC) cells/Kg are an effective dose.

Starting 48 hours after infusion of the repaired HsC
recombinant Granulocyte-Colony Stimulating Factor (G~CSF)
should be given in a dose of 10 #g/k/day, i.v., until the
absolute neutrophil count reaches 1.5 X 10%°/L for three
consecutive days. The art of bone marrow transplantation in
thalassemia and Sickle Cell Disease is illustrated by
Giardini, C., et al., 1985, Ann. Rev. Medicine 46:319-30;
Abboud, M.R., 1994, American J. of Ped. Hematol./Oncol.
16:86-89; Stork, R., et al., 1991, Seminars in Hematology
28:235-39,

D, The Structure of the Chimeric Repair Vector

A Chimeric Repair Vector (CRV) is a 3',5'-linked nucleic
acid, having at most ope 3! and one 5' terminus, of between
about 40 and about 100 nucleotides. In an alternative
embodiment the 3' and 5' terminus can be covalently linked.

- 12 =
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When the 3' and 5' termini are not linked the CRV is said to
be nicked. The CRV contains unpaired nucleotides, which form
one or two hair-pin turns, which turn or turns divide(s) the
CRV into two strands, so that at least 15 bases of the first
strand are Watson-Crick paired to bases of the second strand.
The CRV is further characterized by the presence of a
plurality of segments of at least three contiguous bases
comprised of 2'«<0 or 2'-alkylether ribose nucleotides which
are Watson-Crick paired to deoxyribonucleotides of the second
strand,

As used herein, the term "region" refers to a portion of
a polynucleotide the sequence of which is derived from some
particular scurce, e. 9., a CRV having a region of at least 15
nuclectides having the Sequence of a fragment of the human A-
globin gene. A segment is a portion of a CRV having some
structural significance. A given segment or a given region
can contain both 2'-deoxynucleotides and rlbonucleotldes
However, a "ribonucleotide segment" or a “2'-
deoxyribonuclectide Segment" contain only ribo- and 2'-
deoxyribonucleotides.

Figure 1 shows the structure of one embodiment of CRV
with segments (a)-(h). For the purposes of illustration the
3' terminus of the CRV is illustrated to be at the 3' end of
the (a) segment and the 5°¢ terminus is shown to be at the 5°
end of the (h) segment, i.e., the nick is located at the
boundary between (a) and {h) segments. However, the location
of the nick, if any, and the orientation of 3' and 5!
directions of the CRV with respect to the segments are not
critical. The segments are labeled sequentially (a) through
(h}. 1In the embodiment of Figure 1, a first region consists
of segments (c), (d) and {e), which is complementary to a
second region consisting of segment {a}.

In one embediment the lengths and characteristics of the
segments are as follows. Segment (a) is between 16 and 40
nucleotides and preferably between 20 and 30 nucleotides.

The sequence of the region of segment (a) can be either that
of the coding strand or the non-coding strand of the normal,
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i.e., wild type, allele of the gene that contains the point
mutation to be corrected (the "target gene"). As uged
herein, the statement that a region has a sequence of a
fragment of the sequence of a particular gene means that it
has the sequence derived from the coding strand of that gene,
when the sequence of a Segment or region is the same as the
sequence of a fragment of either the coding or non-coding
strand, the segment or region is said to be compietely
hemelogous to the gene, As used herein the sequence of the
"wild-type" allele includes the sequence of any allele of the
target gene that is not associated with the disease of the
subject; thus, polymorphic genes have multiple wild-type
seqguences. The location of the sequence of segment {a) must
include the portion of the target gene that contains the
mutation to be repaired. Unless the target gene is not
normally trangscribed in target cell, it is preferred that the
sequence of segment (a) is the sequence of the coding strand
of the wild type target gene. When the target gene is not
transcribed in the target cell, then neither the coding
strand sequence or the hon-coding strand seguence is
preferred. The sequence of segment (a) determines the
sequences and combined lengths of segments (c)-(e), which
nust be complementary to segment (a).

The nuclectides of the portion of segment (a) that are
base paired with segments (c} and (e) can be any 2'-
deoxyribonucleotide that is known or will be developed. The
hucleotides of segments (¢) and (e}, which are termed
ribonuclectide segments, can be any 2' O-ribonucleotides,
i.e., nucleotides having 2'-hydroxyl or alkylether moieties.
As used herein, the term "ribonucleotide" refers to any
nucleotide having a 2'-0 or 2'-alkylether. 1In a preferred
embodiment, the nuclectides of segment (d), which is termed
the intervening segment are 2'-deoxyribonucleotides.
Alternatively, segment (d) can be made of ribonucleotides;
when so made the boundaries between segments (c), (d) and (e)
are not defined. Segments (b) and (f) through (h} can be of
any type of nucleotide. The linking moieties between the
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nuclectides of the either deoxyribo-type or ribo~type can be
phosphodiesters, phosphorothiocates, phosphoredithoiates or
any other linkage group that permits the formation of duplex
nuecleic acids, allows for their transfection into cells and
does not interfere with homologous recombination.

In a preferred embodiment, the seguence of segments (c)
and (e) are completely homologous to the target gens. In a
preferred embodiment, the sequence of segment (d) is
completely homologous to a wild-type allele of the target
gene; and is homologous to the target gene except for the
targeted mutation or mutations.

Segments (b) and (g) are about 4 nucleotides in length
and form single stranded hairpin turns that allow segments
(a) and (c)-{e) and segments (f) and (h) to form Watson-Crick
base pairs, i.e., to form duplex nucleic acids.

Segments (c) and (e), also termed the first and second
ribenuclectide segments, consist, in a preferred embodiment,
of 2'-O-methylribonucleotides. 1In a preferred embodiment,
segments (c) and (e) are independently, between 6 and 13
nucleotides.

Segment (d), also termed the intervening segment, in one
embodiment, is between 4 and 20 nucleotides in length.
Segment (d) must be homologous to the fragment of the target
gene that includes the point mutation to be repaired, in
which case the intervening segrment is said to span the
mutation. Preferably segment (d) includes nuclectides 3' and
5' to the peint mutation, in which case the intervening
segment is said to embrace the point mutation. If the target
gene contains two or more point mutations that are separated
by fewer than 15 nucleotides, each can be repaired by the
same CRV.

Segments {f) and (h) form a duplex that brings the 3¢
and 5' ends of a CRV that is nicked between segments (a) and
(h) into juxtaposition. The 3' and 5' termini can be, in one
embodiment, dephosphorylated. 1In an alternative embodiment,
the 3! and 5' termini can be covalently linked by a
phosphodiester bond or eguivalent, so that the CRV is a
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closed circular oligonucleotide. Segments (f) and (h) can be
optionally deleted from a closed circular CRV,

E. Embodiments of the Invention Concerning Non-
Hematopoietic Celis

The invention can be used te repair mutations or
introduce mutations into any cell-type that can be removed
from a subject's body, cultured and reimplanted into the

subject. Technigues for the ramoval, culture and
reimplantation of hepatocytes, in particular of hepatic
reserve (stem) cells, have been described in patent
publication W0%4/08598 to Naughton, 6.B. and Sibanda, B.,
April 28, 1994. Genetic diseases that can be cured by repair
of mutations in hepatocytes include: familial
hypercholesteremia, causeq by mutation in the LDL receptor;
emphysema that caused by a mutation in the al-antitrypsin
gene; and hemophilia and Christmas Disease, which are caused
by mutations in coagulation factors VIIT and IX,
respectively.

F. Specific Embodiments of the Invention
In one embodiment of the invention, the CRV is

constructed so that the sequence of the CRV contains the
sequence of a fragment of at least 15 nucleotides of the
Sequence of a normal allele of the human B-globin gene. The
sequence of the most common allele of human B-globin is found
at Figure 2 of Lawn et al., 1980, CELL 21:647, which segquence
is hereby incorporated by reference. CRV containing the
sequence of a fragment of B-globin can be used to repair
nutations causing sickle cell disease, HbC and B-thalassemia.
The embodiments suitable for repair of the HbC and
Sickle cell mutations contain a sequence of a fragment of at
least 15 nucleotides from the sequence: 5'-CAC CTG ACT CCT
GAG GAG AAG TCT GCC-3' (SED ID NO:1). Embodiments suitable
for the repair of the HbE mutation contain a seguence of a
fragment of at least 15 nucleotides from the sequence:
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5'~GAA GTT GGT GGT GAG GCC CTG GGC AGG-3' (SEQ ID NO:2).

_The nucleotides that are mutated in HbC, HbS and HbE ar

underlined.

In a second embodimeit of the invention the CRV is
constructed so that the sequence of the CRV contains the
Sequence of a fragment of at least 15 nucleotides of the
Sequence of a normal allele of the human glucocerebrosidase
gene. The sequence of the most common allele of
glucocerebrosidase is found at Figure 2 Tsuji et al., 1986,
J. Biol. Chem. 261:50-53, which sequence is hereby
incorporated by reference.

Table I, below, contains a list of the more prevalent
mutations found in Gaucher Disease and B-thalassemia; the
location of the mutation and the sequence of a fragment of a
wild-type allele that can be used in a CRV to repair the
mutation. The sequences of Table I are the seguences of the
coding strand given in the conventional 5' to 3' direction.
The approximate location of the mutation is indicated by the
underlined nucleotides.

VI. EXAMPLES

Example 1. THE USE OF CRV TO REPAIR EPISOMAL ALKALINE
PHOSPHATASE

An expression plasmid containing the wild-type human
liver/bone/kidney alkaline phesphatase cDNA under the control
of the SV40 early pPromoter was obtained and designated pHAP.
An identical plasmid with the mutant version of the cDNA was
obtained and designated P711. The design of CRV to
interconvert the Sequences of pHAP and p711 are diagrammed in
Figure 2A. The CRV Chl was designed to repair the missense
mutation at position 711. Tt has a8 G residue, the wild-type
sequence, at the site corresponding te the mutation. Ch2 has
a design identical to chil except for an A instead of ¢ at the
site corresponding to position 711. Ch3 has the same
Sequence as Chl but the sequence of the ribonucleotide
segments is that of the coding strand of the alkaline
phosphate gene instead of the non-coding strand. The
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oligonucleotide Dhi contained the sanme Sequence as Chl, but
contained only 2'-deoxynucleotides.

A The schematic of P71l in Figure 2B shows the single
point mutation, A, at position 711 in the coding region of
the alkaline phosphatase ¢DNA, the 8v40 early promoter (Pg) ,
SV40 origin of replication {ori), polyadenylation addition
site and small-t intron sequence for splicing (8v40 poly Aa),
The dotted box in Figure 2B indicates the sequence from
PBR322 encoding the origin of replication and f-lactamase
(Amp*) gene. CHO cellg were transfected with p711 and 6 h
later the CRV, ¢hi, was introduced to cHo cells previously
transfected with p711. Both transfections were performed
with lipofectin. The extent of the conversion to the wild-
type phenotype was monitored at both bicchemical and DNA
sequence levels, by spectrophotometric measurement,
histochemical staining ang analysis of Hirt DNa,

MATERIALS AND METHODS

Synthesis and purification of oligonucleotides: The
chimeric oligonucleotides were synthesized on a 0.2 umole
scale using the 1000 & wide pore CPG on the ABI 394 DNA/RNA
synthesizer. THe exocyclic amine groups of DNa
phosphoramidites (Applied Biosystems, Foster City, ca) are
protected with benzoyl for adenine and cytidine and
isobutyryl feor guanine. The 2'-0-methyl RNA phosphoramidites
(Glen Research, Sterling, VA) are protected with
phenoxyacetyl group for adenine, dimethylformamidine for
guanine and isobutyryl for cytidine. After the synthesis was
complete, the base-protecting groups were removed by heating
in ethanol:concentrated ammonium hydroxide (1:3) for 20 h at
55°C. The crude oligonucleotide sample was mixed with 7M
urea and 10% glycerol, heated to 70°C and loaded on a 10%
polyacrylamide gel containing 7M urea. After gel
electrophoresis, DNA bands were visualized by UV shadowing,
dissected from the gel, crusheg and eluted overnight in TE
buffer (10 mM Tris-HCl and 1 nM EDTA, PH 7.5} with shaking.
The eluent containing gel pieces was spun through .45 um spin
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filter (Millipore, Bedford, MA) and precipitated with
ethancl. Samples were further desalted by G-25 spin column
(Boehringer Mannheim, Indianapolis, IN) and greater than 95%
of the purified oligonucleotides were found te be full
length.

Transient transfection and histochemical staining: CHO
cells were maintained in DMEM (B.R.L., Bethesda, MD)
containing 10% FBS (B.R.L. Bethesda, MD). Tramsient
transfection was carried out by addition of 10 ug of
lipofectin in 1ml of OPTIMEM and added to each well. He
alkaline phosphatase activity was measured 24h after
transfection of the oligonucleotide. TFor histochemical
staining, the cells were washed with 0.15 M NaCl three times,
incubated with staining solution for 20 min and fixed with
50% ethanol. The staining selution consisted of 2mg Fast
Violet, 2ml Naphtol AS—MX phosphate alkaline solution (Sigma
Chemical Company, St. Louis, MO) in 50 ml of water.

Spectrophotometric measurement of alkaline phosphate
activity: Transient transfection was carried out in
triplicates by addition of 1 u4g of the plasmid p711 with 1ug
of lipofectin in 100 al of OPTIMEM (B.R.L. Bethesda, MD) to
1x10* CHG cells in a 96-well place. After 6h, various amounts
of Chl or other CRV were mixed with 1 kg of lipofectin in 100
sl of OPTIMEM and added to each well. After 18h, the medium
was aspirated and 200 pl of DMEM containing 10% FBS was added
to each well. The alkaline phosphate activity was measured
24h after transfection of chimeric cligonucleotides.
Spectrophotometric measurement was carried out by the Elisa
Amplication System (B.R.L, Bethesda, MD). Cells were washed
with 0.15 M NaCl three times and lysed in 100 gl of NP40
buffer containing 10 mM Nacl, 0.5% NP40, 2mM MgClz and 10 mM
Tris~HCl pH 7.5. A fraction of cell lysates (20 pl) was
incubated with 50 pl of Elisa substrate and 50 ul of Elisa
amplifier (B.R.L. Bethesda, MD), the reaction was Stopped by
addition of 50 pl of 0.3 M H,50, after 5 min of incubatiocn
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with amplifier. The extent of reaction was carried out
within the linear range of the detection method. The
absorbance was read by an Elisa Plate Reader (B.R.L.
Bethesda, MD) at a wavelength of 490 nm.

Hirt DNA isolation, colony hybridization and direct DNA
sequencing of PCR fragment: The cells were harvested for
vector DNA isolation by a medified alkaline lysis procedure
24 h after transfection with the chimeric oligonucleotide.
The cells were detached by trypsinizatien, washed, and
resuspended in 100 ul of a solution containing 50mM Tris-HCl
pH 8.0, 10mM EDTA and 110 ul of a solution containing 50 mM
Tri-HCl pH 8.0, 10 mM EDTA and 100 gg/ml of RNase A. An
equal volume of cell lysis solution (0.2N NaOH and 1% SDS)
was added, followed by 100 ul of neutralization solution {3M
KAc, pH 5.5). A 10-min room temperature incubaticn was
followed by centrifugation of 10,000 rpm for 10 min. The
supernatant was extracted with an equal volume of phenol-
chloroform and precipitated with ethanol. Hirt DNA was
transformed into EF. coli DH5e¢ cells (B.R.L. Bethesda, MD).
Colonies from Hirt DNA were screened for specific
hybridization for each probe designed to distinguish the
point mutation. Colonies were grown on ampicillin plates,
lifted onto nitrocellulose filter paper in duplicate, and
processed for colony hybridization. The blots were
hybridized to *pP-end-labelled oligonucleotide probes, 711-A
(5'-CCGCCTACACCCACTCG-3"' (SEQ ID NO:3)) or 711-G (5'-
CCGCCTACGCCCACTCG-3" (SEQ ID NO:4)) at 37°C in solution
containing 5% Denhardts, 1% SDS, 2x SSC and 100 pg/ml
denatured salmon sperm DNA., Blots were washed at 52°C in
TMAC solution (3.0M tetramethylammonium chloride/50 mM Tris-
HCl, pH 8.0, 2mM EDTA and 0.1% SDS). Plasmid DNA was made
from twenty colonies shown to hybridize to either 711-G or
711-A, using the Qiagen miniprep kit (Chatworth, ¢a).
Several hundred bases flanking the 711 position of each
plasmid were sequenced in both direction by automatic
sequencing (ABI 373A, Applied Biosystem, Foster City, CA).
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190 bp PCR-amplified fragment was generated by Vent,
polymerase (New England Biolabs, Beverly, MA) utilizing two
primers (5'-CAATGTCCCTGATGPTATGCA-3' (SEQ ID NO:5} and 5i-
CGCTGGGCCAAGGACGCT-3" (SEQ ID NO:6)), corresponding to
position 630-650 and 803-822 of the alkaline phosphatase cDNA
flanking the 711 position. The fragment was gel-purified and
subjected to automatic DNA seqguencing (ABI 373A, Applied
Biosystem, Foster City, ca).

Oligonucleotide stability measurement: Ten ng of the *p-end-
labelled oligonucleotide was mixed with 500 ng of the
unlabelled eligonucleotide and transfected as described
above. In order to reduce a nongpecific binding of
ocligonucleotides, cells were washed extensively with PBS and
a solution containing 1 M NaCl/HAc pH 2.5. A crude lysate
was prepared by lysing the cells in a sclution containing
10mM Tris-HCl pH 7.5, 0.5 mM MgCl, and 0.5% Triton x~100
followed by phencl-chloroform extraction. Lysates were
analyzed by 15% polyacrylamide gel containing 7M urea
followed by autoradiography. Oligonucleotides incubated in
DMEM containing 10% FBS were processed and analyzed in the
same manner.

In our experimental design, various chimeric
oligonucleotides were introduced into CHO cells previously
transfected with p711. The extent of the conversion to the
wild-type phenotype was monitored by histochemical staining;
red pigment was deposited on the cells expressing an active
enzyme. When cells with he mutant gene were transfected with
Chl, red cells appeared at a frequency, of approximately one
in three transfected CHO cells, on the average, at 11 nM. In
contrast, neither Ch2 nor Dhl caused an increased enzynmatic
activity. Conversion to wild-type was observed at a low
level when cells were transfected with Ch3. The transfection
frequency measured by the expression of the wild-type plasmid
pPHAP was estimated to be 20%.

The enzymatic activity was also measured by
spectrophotometric method described above. A dose-dependent
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increase of alkaline phosphatase activity was observed up to
17 nM of Chl in the presence of p711 plasmid. The enzymatic
activity of cells treated with Chl at 17nM approached 60% of
that observed from cells transfected with the wild-type
plasmid, pHAP. The increase was sequence-specific since the
same amount of Chl did not affect enzymatic activity of cells
transfected with pHAP. Furthermore, Ch2 which contained a
single base pair change from the Chl sequence did not cause
any increase in enzymatic activity. The oligonucleotide,
Dhl, which contained the same sequence as Chl, but did not
contain a ribonucleotide segment, did not exhibit an
increase. Thus, spectrophotometric measurements of alkaline
phosphatase activity were consistent with the result from the
histochemical staining. )

Correction of a point mutation of the targeted DNA sequence
by the chimeric oligonucleotide: In order to confirm the
change at the DNA sequence level, a Hirt extract was made
from the cells transfected with the p711 and various
oligonuclectides by a modified alkaline lysis procedure,
Wang, G, et al., 1995, Mol. Cell. Biol. 15, 1759, 24 h after
transfection of the chimeric oligonucleotide. Hirt DNA
transformed DH5a cells efficiently, resulting in 10' Amp®
colonies from 10° transfected CHO cells. DH5a¢ transformants
were screened for specific hybridization with a probe
designed to distinguish between the point mutation (A) and
the wild-type (G) sequence, corresponding to position 703-719
of mutant and normal cDNAg, respectively, Weiss, MJ., 2988,
Proc. Natl. Acad. Sci. 85:7666. The frequency of correction
was measured by averaging the number of colonies hybridized
to the 711-G or 711-A probe using more than 500 colonies
hybridized to the 711-G or 711-A probe using more than 5060
colonies of the multiple plates generated from at least two
separate transfection experiments (Table I). Similar
frequencies of conversion were observed for two batches of
Chl prepared by separate synthesis. Approximately 70% of the
colonies generated from the Hirt DNA made from cells
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transfected with p7i1 and chl hybridized to the 711-A probe,
while 30% of colonies exhibited hybridization to the 71i-G
probe (Table I). fThus, a correction frequency of 30% was
observed at 11nM of Chl, reproducibly. Hybridization was
specific and no cross-hybridization was observed between the
two populations. DNA sequencing was carried out with plasmid
DNAs prepared from twenty of these colonies in both
directions utilizing two primers (5'-CAATGTCCCTGATGTTATGCA-3 "
(SEQ ID NO:7) and 5!'-CGCTGGGCCAAGGACGCT-3" (SEQ ID NO:8)),
corresponding to position 630-650 and 803-822 of the alkaline
phosphatase ¢DNA flanking the 711 position. The sequence
conversion was confirmed in each case and no other alteration
in seguence was observed within several hundred of bases
surrounding the target nucleotide. All colonies from the
Hirt extract prepared from Ch2 or Dhl-treated cells
hybridized to the 711-A probe only (Table I), Some coleonies
from the Hirt extract of the Ch3 hybridized to the wild-type
probe, but to a much lesser extent than that of the Chl
(Table II). These results confirmed that the differential
alkaline phosphatase activities exhibited wera due to the
correction of the point mutation (A to G) at the DNA sequence
level.
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Table II. Hybridization pattern of transformants
from Hirt extract prepared from duplicate
transfections of the p711 plasmid and various
oligonucleotides at 11 nM.

Number of Number of
Total number colonies colonies
Oligo- Number of of colonics kybridizing 1o hybridizing to
leotide Transfection per plate T11-G n1-A % Conversion
Chi 1 84 32 54 k13
189 70 117 37
219 4 143 4
2 139 42 98 30
162 49 110 30
159 51 108 a2
Ch2 1 108 0 108 0
90 0 90 ¢
2 218 0 218 0
148 4] 148 ¢
Ch3 1 150 3 185 2
151 4 145 3
2 189 0 185 i
143 Q 143 0
Dhl 1 217 o 217 0
180 [i} 180 0
2 157 0 157 1]
188 1] 182 0

RecA-deficient E. coli strains used to propagate plasmid
DNA are capable of repair and homologous pairing functions
using episomal DNA (21}, 1In order to rule out the
possibility that the sequence conversion is nediated by E.
coli, direct DNA sequencing of a PCR-amplified fragment of
Hirt DNA was carried out. Two primers flanking the 711
position were utilized to generate a 190 bp fragment through
the action of Vent, polymerase. The results indicated that
position 711 was a mixture of A{70%) and G(30%) when the Hirt
DNA sample was made from the cells transfected cells with the
combination of p711 and Chl. 1In contrast, no mixed sequence
was observed at position 711 when Hirt DNA was made from
oligonucleotide Dhl. These results established clearly that

- 24 -




10

15

20

25

30

35

WO 97/41141 PCT/US9I07362

sequence correction by the chiheric oligonucleotide occurred
in mammalian cells.

Stability of chimeric oligonucleotide: The stability of the
chimeric oligonucleotide was measured intracellularly and in
growth medium containing 10% FBS&. Ten nanogram of
radiolabelled oligonucleotide, Chl, was added to the same
transfection experiment in which histochemical staining and
Hirt DNA analyses was conducted (see Materials and Methods).
The chimeric oligonucleotides are extremely stable. No
detectable degradation was observed when chimeric
oligonucleotide was incubated in growth medium containing 10%
FBS, after 24 h incubation. Moreover, cligonucleotide
isolated from cells did not exhibit any degradation during
the same incubation time. oOnly monomers of the chimeric
oligonuclectide were detected when isolate from cells 24 h
after incubation. Thus, under the experimental conditions
employed here, no end-to-end litigation of chimeric
oligonuclectides was observed.

Example 2. THE USE OF CRV TO REPAIR THE B-GLOBIN GENE
OF AN EB~TRANSFORMED CELL

A CRV to repair the mutation found in Sickle Cell
Disease B-globin was designed 5Cl, Figure 3. The molecule
was composed of DNA residues with two intervening blocks of
ten 2'-0-methyl RNA residues flanking a short stretch of five
DNA residues. When the molecule was folded into the duplex
conformation, one strand contained only DNA residues while
the other strand contained the RNA/DNA blocks. In this case,
the internal sequence is complementary to the B% globin
Sequence over a stretch ef 25 residues that span the site of
the 2° mutation, with the exception of a single base (T) which
is in bold and designated with an asterisk. The five DNA
residues flanked by RNA residues were centered about the
mutant T residue in the 8% coding sequence. A control
chimeric oligonucleotide (SC2) was designed in the same
manner with the exception af the base () designated in bold
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and with an asterisk. Genomic sequences of the 34, g%, and
closely-related é-globin genes are also displayed in Figure
3A with the specific site of B® mutation printed in bold.’

Lymphoblastoid cells were prepared as follows. Heparin-
treated blood was obtained from discarded clinical material
of a patient with sickle cell disease and from one of the
investigators who had neither history nor symptoms of the
disease. Mononuclear cells were prepared from blood (=8 ml)
by density gradient centrifugation in Ficoll and infected
with Epstein-Barr virus which had been propagated in the
marmoset cell line B95-8 (Coriell Institute for Medical
Research #GM07404D). Infections were performed with addition
of 0.1 mg leucoagglutinin PHA-L in 10 ml RPMI medium
supplenmented with 20% fetal bovine serum in a T25 flask.
Cultures were fed twice a week starting on day 5 and were
considered established once 60~70% of the cells remained
viable at day 21. The B and B® lymphoblastoid cells were
maintained in RPMI medium containing 10% fetal bovine serum.

The CRV was introduced into the above-described
lymphoblastoid cells homozygous for the f% allele as follows.
Cells (1 x 10° per ml) were seeded in 1ml of medium in each
well of a 24-well tissue culture plate the day prior to the
experiment. Transfections were performed by mixing chimeric
oligonuclectides with 3 mg of DOTAP (N~{1~{2,3-
Dioleoyloxy)propyl]=N,N,N-trimethylammonium methylsulfate,
Boehringer-Mannheim) in 20 ml of 20 mM HEPES, pH 7.3,
incubated at room temperature for 15 min, and added to the
cultured cells. After 6 h the cells were harvested by
centrifugation, washed and prepared for PCR amplification
following the procedure of E.S. Kawasaki, PCR Protocols, Eds.
M.A. Innis, D.H. Gelfand, J.J. Sninsky and T.J. White, ppld6-
152, Academic Press, (1990).

Correction of the single base mutation was assessed by
taking advantage'of well known restriction fragment length
polymorphisms resulting from the 8° mutation, R.F. Greeves et
al,, 1981, Proc. Natl. Acad. Sci. 78:5081; J.cC, Chang and
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¥.W. Kan, 1982, N. Eng. J. Med. 307:30; S.H. Orkin et al.,
ibid., p. 32; J.T. Wilson et al., 1982, Proc. Natl. Acad.
Sci. 79:3628. The A to T transversion in the B allele
results in the loss of a Bsu36I restriction site (CCTGAGG) .
Thus, the B® allele can be detected by Southern hybridization
analysis of genomic DNA cut with Bsu36I. A 1.2 kbp Bsu36I
DNA fragment of the B-globin gene present normally is absent
in the 8% allele and is replaced by a diagnostic 1.4 kbp
fragment. When genomic DNA recovered from homozygous &°
lymphoblastoid cells was analyzed by this procedure, the
expected 1.4 kbp fragment was observed. However, two
fragments were observed in DNA from cells transfected with
the SC1 CRV. The presence of the 1.2 kbp fragment in
addition to the 1.4 kbp fragment indicates partial correction
of the B° allele had taken place in a dose~dependent fashion,
Tc measure the efficiency of correction rapidly and
sensitively, we adapted a PCR-bagsed RFLP analysis. For the
analysis of the B-globin sequence, the 345 bp PCR fragment
was prepared by amplification from a crude cell lysate using
primers BGO2 (5'=~TCCTAAGCCAGTGCCAGAAGA-3' {SEQ 1D NO:9)) and
BGO5 (5'-CTATTGGTCTCCTTAAACCTG-3' (SEQ ID NO:10)) and Expand
Tag polymerase (Boehringer Mannheim). For the analysis of
the $§-globin gene, the same cell extracts were used in
amplification reactions with primers DG06 (5'-
CTCACARACTAATGAAACCCTGC-3! (SEQ ID NO:11)) and DGO7 (5'=-
GAAAACAGCCCAAGGGACAG-3' (SEQ ID NO:12)) to generate a 335 bp
fragment. Gels were stained with SYBR™ green (FMC
Bioproducts) and fluorescence intensities were quantitated
using a Molecular Dynamics fluoroimager. DNA sequencing was
performed in both directions using an ABI 373A sequencer.
The above primers were designed to yield a 345 bp
fragment spanning the site of the #% mutation after PCR
amplification of genomic DNA. The fragment from normal cells
contained a Bsu36I recognition sequence and yielded fragments
of 228 bp and 117 bp, while DNA from B°® DNA contained the
fequence CCTGTGG and remained refractory to cutting.
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Analysis indicated that the 345 bp DNA fragment amplified
from SCl-treated B° cells was partially cleaved with Bsulel,
indicating correction of the mutation on some, but not ail,
chromosomes. A guantitative measure was cbtained by
comparing the relative intensities of the three DNA fragments
after electrophoretic separation and staining with the
fluorescent dye SYBR™ green. The stained bands were imaged
using a laser fluorimager and the relative levels wvere
calculated. Conversion efficiency was guantitated by
scanning the cyber green-stained agarose gel with a
fluoroimager. Experiments at doses of between 2.5 and 25.0
PM of SC1 / 10° B% lymphoblastoid cells showed between about
40% and 55% conversion of 8° to 8* (Figure 4a).

The frequency of introduction of the sickle mutation by
the CRV SC2 was also determined by the methods set forth
above. Analysis indicated that the level of correction
exceeded 50% at the highest level of input chimeric molecule,
25 nM, but even at 2.5 nM correction of 30% of B~globin genes
was observed (Figure 4B).

Direct sequencing of the PCR amplified 345 bp fragment
was performed to confirm the T to A change in the coding
strand. In the DNA sample from A% cells transfected with
¢chimeric molecule 8Cl at a higher concentration greater than
12 nM/10° cells. Sequence analysis revealed an approximately
equal mixture of A and T residues at the site of the #°
mutation. DNA from untreated B° cells contained only T at
that position and DNA from B* cells contained only A when
treated with SCl. Treatment of 8% cells transfected with the
control CVR SC2 caused no change in the B-globin gene
sequence. However, the DNA from normal cells transfected
with SC2 was partially converted to the BS mutant sequence as
evidenced by a mixture of T and A residues at the expected
position of the sequence,

The specificity of the action of CVR was assessed by
sequencing the related é-globin gene, which is more than 90%
homelogous to the R-globin gene. The 8 and § globin genes
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are identical over the 5 bp DNA core targeting region of sc1.
Two single base differences are underlined in Figure 3. To
determine whether 5C2 altered the §-globin gene, DNA segquence
analysis was performed as above. The results showed that no
alteration was introduced into the 5-globin gene by the sc2
CRV in contrast to the cbserved change directed by S8C2 in the
BA-globin secquence.

Example 3, THE EXPERIMENTAL USE OF CRV TO
REPAIR THE B-GLOBIN GENE OF A
HSC

METHODS AND MATERIALS

Stem c¢ell isolation and transfection: Normal volunteers
were given G~CSF 300 ug 5.C. twice a day for five days. oOn
the fourth and fifth days of G-CSF therapy they underwent a
four hour stem cell apheresis using a COBE spectra pheresis
machine. Mononuciear cells were prepared by density gradient
centrifugation on Ficoll-Hypagque (density 1.077 g/ml,
Pharmacia) (2000 rpm, 10 min, room temperature). The
majority of the monocytes were removed after adherence to
plastics (30 min, 37° ¢ in 5% €0, in RPMI with 10% FBS).
Cells were harvested by swirling to remove cells loosely
adherent to the plastics which were washed 3 times with PBS.
This population was incubated with biotinylated murine anti-
CD34 antibodies in PBS/1% BSA for 25 min at room temperature
at a concentration of 100 x 10° cells/ml. The antibody-
treated cells were passed over an avidin column and those
passing through the column were then collected for analysis.
Subsequently the column was washed with PBS and CD34% cells
adhering to the column were recovered by squeezing the
column. Final purities were assessed by FACS.

Cells were re-suspended in RPMI with 10% FCS heat
inactivated and 1 x 10° cells/ml were plated in a 24 well pate
with each well receiving 1 x 10° cells. The indicated amounts
of chimeric oligonuclectide were mixed with 3 pg DOTAP in
20 41 of 20 mM HEPES, pH 7.3. The mixture was incubated on
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ice for 15 minutes then added tec the cells. After 16 hr at
37¢ ¢, 5% €Oy, the cells were harvested, pelleted, washed with
PBS and lysed with lysis buffer. '

PCR Amplification andenalyses: Genomic DNA was
amplified for PCR by using PCO, (5'-TCCTAAGCCAGTGCCAGAAGA-3'
(SEQ ID NO:13)) and PCO; (5'-CTATTGGTCTCCTTAAACCTG=3! (SEQ ID
NO:14)) respectively and Expand Tag pelymerase (Boehringer
Mannheim, Indianapolis, IN) in a 50 pl reaction at 94° C for
38 sec, 52.5° C for 30 sec, 72° € for 30 sec for 35 cycles to
generate a 345 bp fragment. For the § locus, the 5’ primer
was 5'=-CTCACAAACCTAATGAARACCCTGC-3' (SEQ ID NO:15) and the 37
primer was 5'-GAAAACAGCCCAAGGGACAG-3" (SEQ ID NO:16) at 94° C
for 30 sec, 59° C for 30 sec, 72° ¢ for 30 sec for 35 cycles.

The PCR product was digested with either Dde I or BSU36T
restriction endonucleases (New England Biolabs, Beverly, MA)
and loaded onto 1.2% agarose gel (iX TBE) and
electrophoresed. The gel was stained for 20 min in 200 ml of
1X TBE containing 1:20,000 cyber green strain (FMC, Rockland,
ME} in the dark and quantitated by fluoroimager (Molecular
Dynamics, Sunnyvale, CA). The PCR product was spun through a
Qiaquick PCR purification spin column (Qiagen, Chatsworth,
CA) in H,0, dried down by vacuum to 5 gl and the concentration
determined spectroscopically by 0.D at 260 nm. The DNA
samples (30 ug) were sequenced directly by an automated
Applied Biosystems Model 373A DNA sequencing system (Applied
Biosystems, Foster City, Ca).

Synthesis and purification of oligeonucleotides: The
chimeric oligonucleotides were synthesized on a 0.2 umole
scale using the 1000 & wide pore CPG on the ABI 394 DNA/RNA
synthesizer. In this construct, the exocyclie amine groups
of DNA phosphoramidites (Applied Biosystems) are protected
with benzoyl for adenine and cytidine and isobutyryl for
guanine. The 2/-O-methyl RN2A phosphoramidites (Glen
Research, Sterling, VA) are protected with phenoxyacetyl
group for adenine, dimethylformamidine for guanine and
iscbutyryl for cytidine. After synthesis, the base~
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protecting groups were removed by heating in ethanol:
concentrated ammonium hydroxide {1:3) for 20 h at 55° C. The
crude oligonucleotides were purified by polyacrylamide gel
electrophoresis and the saﬁple was mixed with 7M urea and 10%
glycercl, heated to 70° ¢ and loaded on a 10% polyacrylamide
gel containing 7M urea. After gel electrophoresis, DNA bands
were visualized by UV shadowing, dissected from the gel,
crushed and eluted overnight in TE buffer (10 mM Tris-HCl and
1mM EDTA, pH 7.5) with shaking. The eluent containing gel
pieces was spun through 0.45 pgm spin filter (Millipore,
Bedford, MA) and precipitated with ethanol. Samples were
further desalted by G-25 spin column (Boehringer Mannheim)
and greater than 95% of the purified oligonucleotides were
found to be full length.

RESULTS

The isolated CD34'-enriched population was utilized
first in an cligonuclectide uptake experiment. The chineric
molecule SC2 was mixed with the liposome formulation DOTAP
under the ceonditions described above except that a
radicactive tag was placed at the 5’ end of the
oligonucleotide. Increasing amounts of labeled and unlabeled
oligonucleotide were incubated with the liposome for
15 minutes. The mixture was then incubated with cells for
6 hours after which the cells were washed extensively with
PBS to reduce nonspecific binding. The cells were then
centrifuged and the pellet fraction was washed with 0.2 M
glycine (pH 4.5) to eliminate any remaining nonspecific
binding. The radioactivity in the cell pellet was determined
by scintillation counting. The chimeric oligonucleotide was
absorbed by the c¢ell in dose-dependent fashion. Since our
experimental strategy focused on nanomolar concentrations, we
did not extend the curve beyond 25 nM. Based on the specific
activity of the radioclabelled chimeric oligonucleotide and
assuming that each cell is equally receptive to
transformation, we estimate that up to approximately 50% of
the CD34* cell population was transfected with the substrate.
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For each experiment, background levels were assessed by
mixing radiolabelled chimeric molecules with the cells in the
absence of DOTAP and this level never exceeded 0.05%,

A population of CD34*-enriched cells containing two
alleles with B* genotype were transfected with various
amounts of SC2 and 3 pug/ml of DOTAP. Genomic DNA was
isolated 16 h after transfection as described above and the
extent of £* to @ conversion was measured by restriction
enzyme polymorphism and by direct DNA sequencing. Genomic
DNA isolated from 10° cells was subjected to PCR amplification
generating a 345 bp fragment by using the two primers PCC, and
PCO;. The B*-specific sequence is ¢leaved by the restriction
enzyme Dde I resulting in three fragments of 192, 108 and 45
base pairs, respectively, while the fS-sequence would be
cleaved only once, leaving a 300 bp and a 45 bp fragment. An
increasing level of the uncut 300 bp fragment was observed as
a function of increaging concentrations of §C2, indicating
conversion of the §* to B* genotype, Figure 5. A 50%
frequency of conversion was cbserved at relatively low
concentrations of chimeric oligonucleotide (600 ng = 30 nM x
1 ml). 1In contrast, no conversicn was observed in cells
treated with SCl, a chimeric molecule which pairs to the 84
site with perfect complementarity.

In order to confirm the DNA sequence change (A to T) in
the normal cells, direct DNA seguencing of the 345 bp-
fragment was carried out. The CD34* population containing
homozygous f* alleles was transfected with 23 nM SC2 as
described. Genomic DNA was isolated, PCR-amplified and the
samples subjected to automated DNA seguencing. The DNA
sequence of §* alone and $* treated with the SCl both
contained T. 1In contrast, the DNA sequence of the §* cells
treated with the SC2 showed a dose-dependent conversion of T
to A at the expected position. The S5C2 CRV contains an (a)
segment which is identical to the coding strand of the f-
globin gene. The CRV designated SC5 contained an (a) segment
identical to a fragment of the non-coding strand of the B~

- 32 -




10

15

20

25

30

35

WO 97/41141 PCT/USYTHTI62

globin gene. We repeated the transfection experiments
described above with SC2 and $¢5. The results, presented in
Figure 5, show that SC5 was active, though not as active as
8¢c2, and was apparently inactive at concentrations below

20 nM.

Gencmic DNA from fB* cells that had been treated with SC2
was PCR-amplified utilizing the two §-globin specific
primers, PCO, and PCO;. Ohly wild-type é-globin sequence was
found, which confirmed that the SC2 CRV is B-globin specific.
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SEQUENCE LISTING

(i) GENERAL INFORMATION:
' (i) APPLICANT: Thomas Jefferson University

{ii) TITLE QF INVENTION: METHODS AND COMPOUNDS FOR CURING
DISEASES CAUSED BY MUTATIONS

(iii) NUMBER OF SEQUENCES: 100

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Pennie & Edmonds
(B) STREET: 1155 Avenue of the Americas
(C) CITY: New York
(D) STATE: New York
(E) COUNTRY: U.S.A.
(F) ZIP: 10036-2711

(v} COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DCS /MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER: PCT/US97/
(B) FILING DATE: May 1, 1997
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(&) APPLICATION NUMBER:
(B) FILING DATE:

(viii) ATTORNEY/AGENT INFORMATION:
(B} NAME: Friebel, Thomas E
{B) REGISTRATION NUMBER: 29,258
{C) REFERENCE/DOCKET NUMBER: 7991-011-228

{ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (212) 790-9090
(B) TELEFAX: (212) 869-9741/8864
(C) TELEX: 66141 PENNIE

{2) INFORMATION FOR SEQ ID NO:l:
{i1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:l:
CACCTGACTC CTGAGGAGAR GTCTGCC
(2) INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 27 base pairs
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{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GAAGTTGEETG GTGAGGCCCT GGGCAGG
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CCCCCTACAC CCACTCG
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 bage pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D)} TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NWO:4:
CCGCCTACGC CCACICG
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CAATGTCCCT GATGITATGC A
(2} INFORMATION FOR SEQ ID NO:&:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 base pairs
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(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

{#1} SEQUENCE DESCRIPTION: SEQ ID NO:6:
CGCTGEGCCA AGGACGCT 18
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7¢
CAATGTCCCT GATGTTATGC A 21
{(2) INFORMATION FOR SEQ ID NO:8:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C¢) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
CGCTCEGCCA AGGACGCT 18
(2) INFORMATION FOR SEQ ID NC:9:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
TCCTAAGCCA GTGCCAGAAG A 21
{2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
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{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TQPOLOGY: linear

(i1) MOLECULE TYPE: DNA

{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:10:
CTATTGGTCT CCTTARACCT G
(2) INFORMATION FOR SEQ ID NOz211:
(i) SEQUENCE CHARACTERISTICS:
(AR) LENGTH: 23 base pairs
{B) TYPE: nucleic acid
(¢} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: BEQ ID KC:1l:
CTCACARACT AATGAAARCCC TGC
(2) INFORMATION FOR SEQ ID NO:12:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
GARAACAGCC CAAGGGACRG
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:13:
TCCTARGCCR GTGCCAGARG A
(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
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(B} TYPE: nucleic acid
(¢} STRANDEDNESS: single
(D} TOPOLOCGY: linear

(ii) MOLECULE TYPE: DNA

(#1) SEQUENCE DESCRIPTION: SEQ ID NO:14:
CTATTGGTCT CCTTARACCT G 21
(2) INFORMATICN FOR SEQ ID NO:15:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
CTCACAARACC TAATGRARCC CTGC 24
(2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNa

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l6:
GAAAACAGCC CAAGGGACAG 20
(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARBCTERISTICS:
{A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA {genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
GCCCTGTGGG GCAAGGTGAAR CGTGGAT 27
{2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 27 base pairs
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{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA {genomic}

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
TACCCTTGGA CCCAGAGGTT CITTCGMAG 27
(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D)} TOPULOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
GTTACTGCCC TGIGGGGCAA GGTGAAC 27
(2) INFORMATION FOR SEQ ID NO:20:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{b)} TCPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic}

(x1) SEQUENCE DESCRIPTICN: SEQ ID NO:20:
CACTTTGGCA AARGARTTCAC CCCACCA 27
(2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHRRACTERISTICS:
{(A) LENGTH: 27 base pairs
(B} TYPE: nucleic acid
(€) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2l:
GTGGTCTACC CTTGGACCCA GAGGTTC 27
(2} INFORMATION FOR SEQ ID NO:22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
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(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D} TOPOLOGY: unknown

{il) MOLECULE TYPE: DNA (genomic)

(xi} SEQUENCE DESCRIPTION: SER ID NO:22:
CAGAGGTTCT TTGAGTCCTT TGGGGAT 27
(2) INFORMATION FOR SEQ ID NO:23:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:23:
AACCCTAAGG TGAAGGCTCA TGGCAAG 27
{2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOFOLOGY: unknown

(ii) MOLECULE TYPE: DNAR (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
CTGCTGGTGG TCTACCCITG GACCCAG 27
(2) INFORMATION FOR SEQ ID NO:25:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base palrs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(il) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
ACAGACACCA TGGTGCACCT GACTCCT 27
{2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
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{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
GTGCACCTGA CTCCTGAGGR GAAGTCY
(2) INFORMATION FOR SEQ ID NO:27:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
CACCTGACTC CTGAGGAGAR GTCYGCN
(2) INFORMATION FOR SEQ ID NO:28:
(1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D)} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA {genomic)

{xi) SEQUENGE DESCRIPTION: SEQ ID NO:28:
ACTCCTGAGG AGAARGTCYGC NGTTACT
{2) INFORMATION FCR SEQ ID NO:i29:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDMESS: mingle
(D) TOPOLOGY: unknown

(ii)} MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29:
ACTCCTGAGG AGAAGTCYGC NGTTACT
(2) INFORMATION FOR SEQ ID NO:30:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
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(B} TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ Ip NO:30:
GAGAAGTCTG CCGTTACIGC CCTETGG
(2) INFORMATION FOR SEQ 1D NO:31:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic¢ acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

{%i) SEQUENCE DESCRIPTION: SEQ ID NO:31:
GCCCTTACTE CCCTGTGGGG CAAGGTGAARC
(2) INFORMATION FOR SEQ ID NQO:32:
(i) SEQUENCE CHARARCTERISTICS:
(A) LENGTH: 27 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:
ACTGCCCTGT GGGGCAAGGT GAACGTG
{2) INFORMATION FOR SEQ ID NO:33:
{i) SEQUENCE CHARACTERISTICS:
) LENGTH: 30 base pairse
(B) TYPE: nucleic acid
(¢} STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii} MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
GTTGGTGGTE AGGCCCTEGG CAGGCTGLTG
(2) INFORMATION FOR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
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(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE T¥PE: DNA (genomic)

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:34:
CTGCTGGTGG TCTACCCTITG GACCCAG
(2} INFORMATION FOR SEQ ID NO:35:
{i1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
{B) TYPE: nucleie¢ acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
CTGGTGGTCT ACCCTTGGAC CCAGAGGTTC
(2) INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:
GTGGTCTACC CTTGGACCCA GAGGTTCTTT
{2} INFORMATION FCR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

TGGACCCAGA GGTTCTTTGA GTCCTTTGGG
{(2) INFORMATION FOR SEQ ID NO:38:

{i) SEQUENCE CHARACTERISTICS:
{(R) LENGTH: 27 base pairs
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{B} TYPE: nucleic acid
(C) STRANDEDHESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
AGGTTCTITTG AGTCOTTTGG GGATCTG 27
(2} INFORMATION FOR SEQ ID NO:39:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:
GAGTCCTTTG GGGATCTGTC CACTCCT 27
(2) INFORMATION FOR SEQ ID NO:40:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 27 base pairs
(By TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPGLOGY: unknown

{ii) MCOLECULE TYPE: DNA (genomic)

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:40:
GTGAAGGCIC ATGGCAAGAA AGTGCTC 21
{2) INFORMATION FOR SEQ ID NO:41:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
GTGCTICGGTG CCTTTAGTGA TGGCCTG 27
{2) INFORMATION FOR SEQ ID NO:42:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base paire
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{B} TYPE: nucleic acid
{€) STRANDEDNESS: single
{D} TOPOLGGY: unknown

{ii) MOLECULE TYPE: DNR ({genomic¢)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

GTGCTCGGTG CCTTTAGTGA TGGCCTGGCT
(2) INFORMATION FOR SEQ ID NO:43:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base paire
{BY TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DMA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:

AGTGATGGCC TGGCTCACCT GGACAAC
(2) INFORMATICON FOR SEQ ID NO:44:

(i) SBEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:

CTGGACAACC TCARGGGCAC CTTTGCCACA
({2) INFORMATION FOR SEQ ID NO:45:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

GAGCTGCACT GTGACAAGCT GCACGTG
{2) INFORMATION FOR SEQ ID NO:46:

{i) SEQUENCE CHARACTERISTICS:
{A)} LERGTH: 230 base pairs
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(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DRA {genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
RACTTCAGGC TCCTGGGCAA CGTGCTGGIC
{2) INFORMATION FOR SEQ ID NO:47:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:
CTCCTGGGCA ACGTGCTGGT CTGTGTG
{2) INFORMATION FOR SEQ ID NO:48:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bage pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:
TTCACCCCAC CAGTGCAGGC NGCCTAT
{2) INFORMATION FOR SEQ ID NO:49:
{1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bhase pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:149:
CARACAGACA CCATGGTGCA CCTGACT
(2) INFORMATION FOR SEQ ID NO:50:

(1) SEQUENCE CHARRCTERISTICS:
(R) LENGTH: 27 base palrs
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{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:50:
CAARCAGACA CCATGGTGCA CCTGACT
(2) INFCRMATION FCR SEQ ID NO:51:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA ({genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:51:
GAGGCCCTGG GCAGGTTGET ATCAAGG
(2) INFORMATION FOR SEQ ID NQ:52:
{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:52:
GAGGCCCTGG GCAGGTTGGT ATCAAGG
(2) INFORMATION FOR SEQ ID NO:53:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNEES: single
{D) TOPCLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53:
GAGAACTTCA GGGTGAGTCT ATGGGAC
(2) INFORMATION FOR SEQ ID NO:54:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 baese pairs
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{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:54:
GCCCTGGGCA QGTTGGTATC AAGCTTA

{2) INFORMATION FCR SEQ ID NO:55:

(i) SEQUENCE CHARACTERISTICS:
{R) LENGTH: 27 base pairsg
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:55:

GCCCTGGGCA GGTTGGTATC AAGGTTA 27

{2) INFORMATION FOR SEQ ID NO:56:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: DNA (genomic)
[xi) SEQUENCE DESCRIPTION: SEQ ID NO:56:
TTTCCCACCC TTAGGCTGCT GGTGGTC 27
(2) INFORMATION FOR SEQ ID NO:57:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: eingle
(D) TOPOLOGY: unknown
{(ii) MOLECULE TYPE: DNA {genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:57:
ATCTTCCTCC CACAGCTCCT GGGCAAC 27

. {2) INFORMATION FOR SEQ ID NQ:58:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 27 base pairs
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPQOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: S5EQ ID NO:58:

ATCTTCCTCC CACAGCTCCT GGGCAAC
(2) INFORMATION FOR SEQ ID NO:59:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B} TYPE: nucleic acid
(€} STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:59:

TTTCCCACCC TTAGGCTGCT GGTGGTC
{2) INFORMATION FOR SEQ ID NO:60:
(i) SEQUENCE CHARACTERISTICS:
{2) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNR (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:60:
CTCCGCAGGT TGGTATCRAG GTTACAR
(2} INFORMATION FOR SEQ ID NO:61:
(i) SEQUENCE CHARACTERISTICS:
(h) LENGTH: 27 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA {genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:61:
CTGGGCAGGT TGGTATCAAG GTTACAA
(2) INFORMATION FOR SEQ ID NO:62:

{i) SEQUENCE CHARACTERISTICS:
(R} LENGTH: 27 base paire
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{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

(%1) SEQUENCE DESCRIPTION: SEQ ID NO:62:
CTGGGCAGGT TGGTATCAAG GTTACAR
(2) INFORMATION FOR SEQ ID NO:63:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{Li) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63:
GAGGCCCTGG GCAGGTTGGT ATCAAGG
(2) INFORMATION FOR SEQ ID NO:64:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:64:
GAGGCCCTGG GCAGGTTGGT ATCAAGG
{(2) INFORMATION FOR SEQ ID NO:GS:
(i) SEQUENCE CHARARCTERISTICS:
{A) LENGTH: 27 base pairs
(B) TYPE: nucleic¢ acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65:
GGTGAGGCCC TGGGCAGGTT GGTATCA
(2} INFORMATION FOR SEQ ID NO:66:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs

- §§ =~

PCT/US97/07362

27

27

27

27




WO 97/41141
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:66:
ATCTTCCTCC CACAGCTCCT GGGCAACGTG
(2) INFORMATION FOR SEQ ID NO:67:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: single
(D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:67:
TATTTTCCCA CCCTTAGGCT GCTGGTGGTC
(2) INFORMATION FOR SEQ ID NG:€8:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(P} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:68:
TOTCTCTGCC TATTGGTCTA TTITCCC
{(2) INFORMATION FOR SEQ ID NO:E9:
(i) SEQUERCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(¢) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (yenomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65:
TGCCTATTGG TCTATTTTCC CACCCTT
(2) INFORMATION FOR SEQ ID NO:70:

{i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 baae pairs
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(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TCOPOLOGY: unknown

(i1) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:70:
AAATTGTAAC TGATGTAAGA GGTTTCA
(2) INFORMATION FOR SEQ ID NO:71:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi1) SEQUENCE DESCRIPTION: SEQ ID RO:71:
AGCAGCTACA ATCCAGCTAC CATTCTGCTT
(2} INFORMATION FOR SEQ ID NO:72:
(1) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:72:
TTTCTGGGTT AAGGCARTAG CAATATT
(2) INFORMATION FOR SEQ ID NO:73:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{il) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:73:
GARGTTGGTG GTGAGGCCCT GGGCAGG
{2) INFORMATION FOR SEQ ID NO:74:

- (1) SEQUENCE CHARACTERISTICS:
(A) LEKGTH: 27 base pairs
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:74:
GTGGATGAAG TTGGTGGTGA GGCCCTG 27
(2) INFORMATION FOR SEQ ID NO:75:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D)} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(x1i)} SEQUENCE DESCRIPTION: SEQ ID NO:75:
GITGGTGGTG AGGCCCTGGG CAGGCTG 27
(2) INPORMATION FOR SEQ ID NO:76:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
{B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D)} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (gencmic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:76:
CTGTGGGGCA AGGTGAACGT GGATCAAGTT 30
{(2) INFORMATION FOR SEQ ID NO:77:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: #ingle
(D} TOPOCLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:77¢
AGCATCATCA CGAACCTCCT GTACCAT 27
{2) INFORMATICN FOR SEQ ID NO:78:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
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(B) TYPE: nuclei¢ acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:78:
CAGRAAGAACG ACCTGGACGC AGTGGCA
(2) INFORMATION FOR SEQ ID NO:79:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(€) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic}

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:79:
CCTARARGCT TCGGCTACAG CTCGGTG
{2) INFORMATION FOR SEQ ID NO:80:
(i) SEQUENCE CHARACTERISTICS;:
(A} LENGTH: 27 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:BO:
TETCGTGGGC ATCAGGTGAG TGAGTCA
{2) INFORMATICN FOR SEQ ID NO:81:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDFESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:81:
TGGGCCAGAT ACTTTGTGAA GTTCCTG
{2} INFORMATION FCR SEQ ID NO:82:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
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(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (gencmic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:82:
GGCTCCTGGG ATCGAGGGAT GCAGTAC 27
{2) INFORMATION FOR SEQ ID NO:83:
(i} SEQUENCE CHARACTERISTICS:
{R) LENGTH: 27 bases pairs
(B} TYPE: nucleic acig
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA (gencmic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:83:
GGCTCCTEGE ATCGAGGGAT GCAGTAC 27
(2) INFORMATION FOR SEQ ID NO:84:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
{B) TYPE: nucleie acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTIOR: SEQ ID NO:B4:
GGACCCAATT GGGTGCGTAR CTTTGTC. 27
(2) INFORMATION ¥OR SEQ ID NO:85:
(1) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
(¢) STRANDEDNESS: single
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:85:
GACATCACCA AGGACACGTT TTACARA 27
(2} INFORMATION FOR SEQ ID NO:B6:

(i) SEQUENCE CHARACTERISTICS:
(A} LERGTH: 27 base pairs
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:86:
GTCGTGCTAAR ACCGCTCCTC TRAGGAT
(2) INFORMATION FOR SEQ ID NO:87:

(i) SEQUENCE CHARARCTERISTICS:
{R) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (gencmic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:87:

TACCTGTGGC GTCGCCAGTG ATGGAGC

{(2) INFORMATION FOR SEQ ID NO:B8:

(1) SEQUENCE CHARACTERISTICS:
(B) LENGTH: 68 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{P) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA
{ix) PEATURE:

(A) NBME/KEY: Chl
(B) LOCATION: 1...68
(D) OTHER INFORMATION:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:88:

AGCECCGCCT ACGCCCACTC GGCTGTTITTC AGCAGOGUGG GCGTAGGCGG CGCUGCGCGT
TTTCGCGC

(2) INFORMATICON FOR SEQ ID NO:B89:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 68 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA
{ix) FEATURE:

(A) NAME/KEY: Ch2
(B) LOCATION: 1...68
(D) OTHER INFORMATION:
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:89:

. AGCGCCGCCT ACACCCACTC GGCTGTITITC AGCCGAGUGE GTGTAGGCGG CGCUGCGCGT
TTTCGCGC .

{2) INFORMATION FOR SEQ ID NO:90:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 6B base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA
(ix) FEATURE:

(A) NAME/KEY: Ch3
{B) LOCATION: 1...68
(D) OTHER INFORMATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:90:

GCGCGTTTTC GCGCAGCGCC GCCUACGCLC ACUCGGCUGT TTTCAGCCGA GIGGGCGTAG
GCGGCGCT

(2) INFORMATION FOR SEQ ID NO:91:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 68 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA
(ix) FEATURE:

(A) NBME/KEY: Dhi
(B) LOCATION: 1...68
(D) OTHER INFORMATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:91:

AGCGCCGCCT ACGCCCACTC GGCTGTTTTC AGCCGAGTGG GCGTAGHCGG CGCTGCGCGT
ITTCGCGC .

(2} INFORMATTON FOR SEQ ID NO:92:
(i) SEQUENCE CHRRECTERISTICS:

(A) LENGTH: 36 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
(i1} MOLECULE TYPE: DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:92:

ACCCCCAGCG CCGCCTACAC CCACTCGGCT GACCGG

(2) INFORMATION FOR SEQ ID NO:93:
(L) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 68 base pairs

(B) TYPE: nucleic acid
(¢} STRANDEDNESS: single
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(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA
{lx) FEATURE:

{A) NAME/KEY: SCIl
{B) LOCATICN: 1...68B
{D) OTHER INFORMATION:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:93:

ACCTGACTCC TGAGGAGAAG TCTGCTTTTG CAGACUUCUC CTCAGGAGUC AGGUGCGCGT &0
TTTCGCGC 68

(2) INFORMATION FOR SEQ ID NO:94:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 68 base paire
(B) TYPE: nucleic acid
(¢} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA
(ix) PEATURE:

(A) NAME/KEY: SC2
(B) LOCATION: 1...68
(D) OTHER INFORMATION:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:94:

ACCTGACTCC TGTGGAGAAG TCTCCTTTTG CAGACUUCUC CACAGGAGUC AGGUGCGCGT 60
TITCGCGC 68

(2) INFORMATION FOR SEQ ID NO:95:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 68 base pairs
(B) TYPE: nucleic acid
(¢) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA
{ix) FEATURE:

(R) NAME/KEY: SC3
(B} LOCATION: 1...68
(D) OTHER INFORMATION:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:95:

ATCTGACTCC TGAGGAGARG ACTGCTTITG CAGUCUUCUC CTCAGGAGUC AGAUGCGCGT 60
TTTCGCGC 68

(2} INFORMATION FOR SEQ ID HO:96:

(i) SEQUENCE CHARACTERISTICS:
{2} LENGTH: 68 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDHNESS: single
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA
{ix) FEATURE:
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(B} NAME/KEY: SC4
(B} LOCATION: 1...68
(D} OTHER INFORMATION:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:96;

ACCTGACTCC TGAGGAGAAG ACTGCTTTIG CAGUCUUCUC CTCAGGAGUC AGGUGCGCGT
TTTCGCGC

(2} INFORMATION FOR SEQ ID NO:97:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 68 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPCQLOGY: linear

{ii) MOLECULE TYPE: DNA
{ix) FEATURE:

(R) NAME/KEY: 8C5
(B) LOCATION: 1...68
(D) OTHER INFORMATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:97:

GCGCETTTTC GCGCACCUGA CUCCTGTGGA GARGUCUGCT TTTGCAGACT TCTCCACAGG
AGTCAGGT

{2) INFORMATION FOR SEQ ID NO:98%
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA
(ix) FEATURE:

(B} NAME/KEY: Delta
(B) LOCATION: 1...25
(D) OTHER INFORMATION:
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:98:

RTCTGACTCC TGAGGAGALG ACTGC

{2} INFORMATION FOR SEQ ID NO:99:
{1) SEQUERCE CHARACTERISTICS:
{(A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: singie
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:99:
CACCTGACTC CTGAGGAGAA GICIGCC

(2) INFORMATION FOR SEQ ID NO:100:
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(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 lbase pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:100:

GARGTTGGTG GTGAGGCCCT GGGCAGG 27
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WHAT IS CLAIMED IS:

1. A nucleic acid, having at most one 3' end and one 5!
end, comprising a SEgmentLof unpaired bases disposed so that
the unpaired bases separate the nucleic acid into a first
strand and a second strand, which first and second strands
comprise a first region and a second region, respectively,
each region having at least 15 nucleotides, in which:

a) each nucleotide of the first region is Watson-Crick
paired to a nucleotide of the second region;

b) the first region comprises at least 8
ribonucleotides, which are Watson-Crick paired to
2'-deoxynucleotides, which ribonuclectides form at
least one ribomucleotide segment of at least 3
ribonucleotides; and

c) the sequence of the first or the second region is
the sequence of a fragment of a wild-type allele of

a human gene.

2. The nucleic acid of claim 1, provided the human gene is
other than ras.

3. The nucleic acid of claim 1, in which the sequence of
the first or second region is 5'-AGC GCC GCC TAC GCC CAC TCG
GCT GT-3' (nt 1-26 of SEQ ID NO: 88) or 1s a fragment
thereof.

4. The nucleic acid of claim 2, provided the human gene is
other than a gene encoding alkaline phosphatase.

5. The nucleic acid of claim 1, in which the first region
is comprised of a first ribonucleotide segment of at least 6
contiguous ribonucleotides, a second ribonucleotide segment
of at least 3 ribonucleotides, and an intervening segment
disposed between the first and second ribonuclectide
segments, which intervening segment comprises at least three

2'-deoxyribonucleotides.
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6. The nucleic acid of claim 4, in which the second region
comprises between about 20 and about 100 21—
deoxyribonucleotides.

7. The nucleic acid of claim 5, in which the first and
second ribonuclieotide segments each consist of between about
6 and about 13 ribonucleotides and the intervening segment
consists of between about 4 and about 20 2°-
deoxyribonuecleotides.

8. The nucleic acid of claim 5, in which the first and
second ribonuclectide segments each consist of between about
8 and about 12 ribonucleotides and the intervening segment
consists of between about 4 and about 15 2'-

deoxyribonucleotides.

9. The nucleic acid of claim 5, in which the first and
second ribonuclectide segnents each consist of about 10
ribonucleotides and the intervening segment consists of about
5 2'-deoxyribonucleotides.

10. The nucleic acid of claim 3, in which the human gene is

selected from the group consisting of a B-glcbin gene and a

glucocerebrosidase gene.

11. The nucleic acid of claim %, in which the sequence of
the first or second region is selected from the sequences of
Table I or is a fragment thereof.

12. The nucleic acid of claim 9, in which the sequence of
the first or second region is 5'-CAC CTG ACT CCT GAG GAG AAG
TCT GCC-3' (SEQ ID NO: 992) or §'-GRA GTIT GGT GGT GAG GCC CIG
GGC AGG-3' (SEQ ID NO: 100) or a fragment thereof.

13. A method of repairing a mutation of a cell of a human
subject, which comprises removing a cell from a subject,
having a disease caused by the presence of a CRV-repairable
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mutation in the cell, and introducing a nucleic acid into the
removed cell, wherein said nucleic acid has at most one 3%
end and one 5' end and comprises a segment of unpaired’bases
disposed so that the unpaired bases separate the nucleic acid
into a first strand and a second strand, which first and
second strands comprise a first region and a second region,
respectively, each region having at least 15 nucleotides, in
which:

aj each nucleotide of the first region is Watson-Crick
paired to a nuclectide of the second region;

b) the first region comprises at least 8
ribonucleotides, which are Watson-Crick paired to
2'~deoxynucleotides, which ribonucleotides form at
least one segment of at least 3 contiquecus
ribonuclectides; and

c) the sequence of the first or the second region is
the sequence of a fragment of a wild-type allele of
a human gene, which fragment embraces the CRV-
repairable mutation,

whereby the mutation in the cell is replaced by the wild-type
allele.

14. The method of claim 12, in which the sequence of the
first or second region is 5'-AGC GCC GCC TAC GCC CAC TCG GCT
GT-3' (nt 1-26 of SEQ ID NO: 88) or is a fragment thereof.

15. The wethod of claim 12, which further comprises the step
of reimplanting the repaired cell into the subject.

16. The method of claim 13, wherein the first region of the
nucleic acid is comprised of a first ribonucleotide segment
of at least 6 contiguous ribonucleotides, a second
ribonucleotide segment, and an intervening segment disposed
between the first and second ribonuclectide segments, which
intervening segment.comprises at least three 2'-
deoxyribonuclectides and wherein the cell is a hematopeietic
stem cell.
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17. The method of claim 14, in which the intervening segment

-embraces the CVR-repairable mutation.

18. The method of claim i4, in which the human gene selected
from the group consisting of a B-globin gene and a

glucocerebrosidase gene.

19. The method of claim 16, in which the sequence of the
first or second region is selected from the segquences of
Table I or is a fragment thereof,

26. The method of ¢laim 16, in which the sequence of the
first or second region is 5'-CAC CT¢ ACT CCT GAG GAG AAG TCT
GCC-3' (SEQ ID NO: 929) or 5'-GAA GTT GGT GGT GAG GCC CTG GGC
AGG-3' (SEQ ID NO: 100} or is a fragment thereof.
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