(11) Application No. - AU 2002345669 B9

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)8

(74)

(56)

Title
Antisense oligonucleotides which can inhibit the formation of capillary tubes by endothelial

cells

International Patent Classification(s)
C12N 15-11 (2006.01)31/7088

A61K 31,7088 20060101AL12006010
(2006.01) 1BHAU AB1P

A61P 9,00 (2006.01) 9700

o128 15,11 20060101AL12006010

20060101AF12006010 1BHRU

1BHAY ABG1K PCT/FRO2/02067

Application No: 2002345669 (22) Application Date: 2002 06 14

WIPO No:  wop2-103014

Priority Data

Number (32) Date (33) Country

0107805 2001 .06 .14 FR
20060629

Publication Date : 2003 01 .02

Publication Journal Date :  5gg3 g5 15

Applicant(s)

Gene Signal International SA

Inventor(s)

Al-Mahmood , Salman

Agent/Attorney

Griffith Hack, 509 St Kilda Road, Melbourne, VIC, 3004

Related Art

Wallace WC et al, Molecular Brain Research, 1997, 52:213-227
Surmacz E et al, Clinical Cancer Research, 1995, 1:1429-1436
Wo 1996-035791

-




(12) DEMANDE INTERNATIONALE PUBLIEE EN VERTU DU TRAITE DE COOPERATION
EN MATIERE DE BREVETS (PCT)

(19) Organisation Mondiale de la Propriété
Intellectuelle
Bureau international

{43) Date de la publication internationale
27 décembre 2002 (27.12.2002)

PCT

0000

(10) Numéro de publication internationale

WO 02/103014 A2

(81) Classification internationale des brevets’ :
CI12N 15/11, A61K 31/7088, A61P 9/00

(21) Numéro de la demande internationale :
PCT/TR02/02067

{22) Date de dépét international : 14 juin 2002 (14.06.2002)

(25) Langue de dépdt: [rangais

(26) Langue de publication : frangais
{30) Deonnées relatives a la priorité :
0107805 14 juin 2001 (14.06.2001)  FR
(71) Déposant et
(72) Inventeur : AL-MAHMOOD, Salman [FR/FR]; 2,
square Alice, F 75014 Paris (IQ).

(74) Mandataires : BREESE, Pierre ¢(c.; Breesé-Majerowic,
3, avenue de I'Opéra, F 75001 Paris (FR).

(81) Etats désignés (narional) : AE, AG, AL, AM, AL, AU, AZ,
BA, BB, BG. BR, BY, BZ, CA, CIL CN, CO, CR, CU, CZ,

DL, DK, DM, D7, [iC, TE, TiS, TT, GB, GD, GTE, GH, GM,
IIR, ITU, ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
M7, NO., N7, OM, PH, PL. PT, RO, RU, SD, ST, SG, SI,
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN,
YU, ZA, ZM, ZW.
(84) Etats désignés (régional) : brevet ARIPO (GH, GM, KT,
LS, MW, MZ, 8D, SL, SZ. TZ, UG, ZM, ZW), brevet
eurasien (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), brevet
curopéen (AT, BE, CH, CY, DL, DK, IS, I'l, IR, GB, GR,
LE, LT, LU, MC, NL, P1, SE, 'IR), brevet OAPL (BE, BJ,
CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
D, TG).

Publiée :
sans rapport de recherche internationale, sera republiée
dés réception de ce rapport

En ce qui concerne les codes a deux leitres el autres abrévia-
tions, se référer aux "Notes explicalives relatives aux codes el
abréviations” figurant au début de chaque numéro ordinaire de
la Gazette du PCT.

(54) Title: ANTISENSE OLIGONUCLEOTIDES WHICH CAN INHIBIT THE FORMATION OF CAPILLARY TUBES BY EN-
DOTIIELIAL CELLS

54) Titre : OLIGONUCLEOTIDES ANTISENS CAPABLES D’INIIIBER LA FORMATION DES TUBES CAPILLAIRES PAR

(5
DIS CELLULLS ENDOTHELIALES

(o]
«
<t
—

@ (57) Abstract: The invention relates to pharmaccutical compositions which inhibit the formation of capillary tubes by endothclial
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ANTISENSE OLIGONUCLEOTIDES CAPABLE OF INHIBITING THE
FORMATION OF CAPILLARY TUBES BY ENDOTHELIAL CELLS

The present invention provides antisense
oligonucleotides capable of inhibiting the expression of
the protein IRS-1 and of inhibiting the formation of
capillary tubes by endothelial cells. The
oligonucleotides according to the invention are thus
indicated as antiangiogenic agents. They are also
indicated as anti-cell-multiplication agents, in
particular as anti-tumor agents.

The invention also pertains to pharmaceutical
compositions containing said oligonucleotides and the use
of said oligonucleotides as analysis reagents.

All references, including any patents or patent
applications, cited in this specification are hereby
incorporated by reference. No admission is made that any
reference constitutes prior art. The discussion of the
references states what their authors assert, and the
applicants reserve the right to challenge the accuracy and
pertinency of the cited documents. It will be clearly
understood that, although a number of prior art
publications are referred to herein, this reference does
not constitute an admission that any of these documents
forms part of the common general knowledge in the art, in
Australia or in any other country.

Angiogenesis is a fundamental process by means of
which new blood vessels are formed. This process is
essential in many normal physiological phenomena such as
reproduction, development and even cicatrization. In
these normal biological phenomena, angiogenesis is under
strict control, i.e., it is triggered during a short
period (several days) and then completely inhibited.
However, many pathologies are linked to uncontrolled,
invasive angiogenesis: arthritis, a pathology due to the
damaging of cartilages by invasive neovessels; diabetic
retinopathy or the invasion of the retina by neovessels
leading to blindness of the patients; neovascularization

Hi\dMclach\Reep\Speci\2002345669 amended speci.doc 22/12/04
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of the ocular apparatus presents the major cause of
blindness and this neovascularization is involved in about
twenty different eye diseases; and moreover the growth and
metastasis of tumors which are linked directly to
neovascularization and are dependent on angiogenesis. The
tumor stimulates the growth of neovessels by its own
growth. Moreover, these neovessels are escape routes for
tumors which thereby join up with the blood circulation
and induce metastases in sites remote from the initial
tumor focus, such as the liver, lungs or bones.

Angiogenesis, the formation of neovessels by
endothelial cells, involves the migration, growth and
differentiation of endothelial cells. The regulation of
these biological phenomena is directly linked to genetic
expresggion.

The research studies performed in the framework of the
present invention made it possible to identify and prepare
nucleic acid sequences involved in the regulation of
angiogenesis.

Other studies pertaining to angiogenesis have shown a
noteworthy expression and phosphorylation at the level of
a tyrosine residue of an intracellular 180-kDa protein by
endothelial cells cultured on a surface of type I collagen
and stimulated by an angiogenic factor such as bFGF. The
noteworthy expression and phosphorylation at the level of
the tyrosine residue of the intracellular 180-kDa protein
accompanies the formation of capillary tubes by the
endothelial cells.

This protein is already known as a substrate of the
insulin receptor {called IRS-1). It has been partially
identified and investigated by certain diabetes
researchers (Quon et al., J. Biol. Chem. (19%4), 269 (45),
27920-27924) . '

These authorg studied the role of IRS-1 in (i) the
translocation of GLUT 4 stimulated by insulin and (ii) the
transport of glucose in rat adipose cells. 1In order to do

this, they constructed a plasmid containing:

Hi\JMclach\Keep\Speci\2002345669 amended speci.doc 22/12/04
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- a double chain oligonucleotide obtained from the
sense oligonucleotide of the following sequence SEQ
ID NO. ID No. 1:5'-TCGATGTGAC GCTACTGATG AGTCCGTGAG
5 GACGAAACTC TGGCCTAG-3'; and
- cDNA coding for human IRS-1,
and transfected rat adipose cells with said plasmid.
The research performed in the framework of the present
invention revealed that the expression of the protein IRS-
10 1 is also induced in endothelial cells when said cells are

stimulated by the angiogenic factor bFGF.

H:\IMclach\Keep\Speci\2003345669 amended speci .doc 22/12/04
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The invention thus pertains to a pharmaceutical composition active on
angiogenesis phenomena comprising as active agent at least one substance
selected from among: (i) a nucleic acid molecule of the gene coding for the-
protein IRS-1, a complementary sequence or a fragment thereof, (ii) a molecule
capable of inhibiting the expression of a nucleic acid molecule according to (i).

In the framework of the invention, antisense oligonucleotides of the gene
coding for this protein were prepared. These oligonucleotides present
remarkable antiangiogenic and antitumor activities. They are therefore
particularly useful in the treatment of diseases linked to invasive angiogenesis
not controlled by gene therapy methods consisting of administering to an
individual a composition containing at least one of these oligonucleotides. -

Thus, an oligonucleotide according to the invention is constituted by the
following nucleotide sequence of formula SEQ ID NO. 2:

5-TATCCGGAGGGCTCGCCATGCTGCTGCGGAGCAGA-3,

a fragment thereof comprising at least 12 contiguous nucleotides or their
derivative.

The invention pertains most particularly to an cligonucleotide constituted by
one of the nucleotide sequences of formulas SEQ ID NO. 3 and 4 below:

5-TATCCGGAGGGCTCGCCATGCTGCT-3'.

5-TCGCCATGCTGCTGCGGAGCAGA-Y,

a fragment of these comprising at least 12 contiguous nucleotides or their
derivative.

The term derivative is understood to mean a sequence capable of hybridizing
under strict conditions with one of the sequences SEQ ID NO. 2, 3 or 4, or witha
fragment of these of at least 12 contiguous nucleotides.

The following sequences can be cited as examples of oligonucleotides

according to the invention:
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SEQID NO. 5: 5-TATCCGGAGGGCCTGCCATGCTGCT-3’,

SEQID NO. 6: 5'-TATCCGGAGG GCCTGCCATG CTGC-3,

SEQID NO. 7: 5-TATCCGGAGG GCCTGCCATG CTG-3',

SEQID NO. 8: 5-TATCCGGAGG GCCTGCCATG CT-3',

SEQ ID NO. 9: 5-TATCCGGAGG GCCTGCCATG C-3',

SEQ ID NO. 10: 5'-TATCCGGAGG GCCTGCCATG-3,

SEQ ID NO. 11: 5-TATCCGGAGG GCCTGCCAT-3,

SEQID NO. 12: 5'-TATCCGGAGG GCCTGCCA-3,

SEQID NO. 13: 5-TATCCGGAGG GCCTGCC-3'.

SEQ ID NO. 14: 5-TATCCGGAGG GCCTGC-3,

SEQID NO. 15: 5'-TATCCGGAGG GCCTG-3',

SEQID NO. 16: 5-TATCCGGAGG GCCT-3,

SEQ ID NO. 17: 5-TATCCGGAGG GCC-3',

SEQID NO. 18: 5-TATCCGGAGG GC-3',

SEQID NO. 19: 5’-CCGGAGG GCCTGCCATG CTGCT-3',

SEQ ID NO. 20: 5-GAGG GCCTGCCATG CTGCT-¥,

SEQID NO. 21: 5'-G GCCTGCCATG CTGCT-3,

SEQ ID NO. 22: 5-CTGCCATG CTGCT-3'.

SEQ ID NO. 23: 5-TGCCATG CTGCT-3".

All or part of the phosphodiester bonds of the invention are advantageously
protected. This protection is generally implemented via the chemical route using
classic methods that are well known by the expert in the field. The
phosphodiester bonds can be protected, for example, by a thiol or amine
functional group or by a phenyl group.

The 5'- and/or 3'- ends of the oligonucleotides of the invention are also
advantageously protected, for example, using the technique described above for

protecting the phosphodiester bonds.
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The oligonucleotides of the invention can be synthesized using conventional
techniques that are well known to the expert in the field, for example, using one
of the DNA synthesizers marketed by various companies.

Although their mechanism of action has not been entirely elucidated, the
oligonucleotides according to the invention inhibit the expression of the protein
IRS-1 within endothelial cells. These oligonucleotides are capable of blocking the
formation of neovessels by endothelial cells (i.e., they inhibit angiogenesis) and
thus they inhibit the multiplication of tumor cells in mice.

The invention therefore also has as object a pharmaceutical composition for
the inhibition of the gene coding for the protein IRS-1 comprising at least one
oligonucleotide complementary of a part of said gene or of a transcript of said
gene. ‘

The molecule capable of inhibiting the expression of a nucleic acid molecule
of the gene coding for the protein IRS-1 is preferably an antisense sequence of the
region coding the sequence identified under the number SEQ ID NO. 28 in the
attached sequence list.

Said antisense sequence advantageously comprises at least twelve contiguous
nucleotides or their derivative.

More preferentially, the active agent capable of inhibiting the expression of a
nucleic acid molecule coding for the protein IRS-1 of the composition of the
invention is a nucleotide sequence selected from among the set of nucleotide
sequences identified as SEQ ID NO. 2 to SEQ ID NO. 23 in the attached sequence
list comprising at least twelve contiguous nucleotides or their derivative.

Such a composition advantageously comprises as active agent at least one
oligonucleotide as defined above advantageously combined in said composition

with an acceptable vehicle.
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The analysis of the research performed in the
framework of the invention made it possible to demonstrate
that the protein IRS-1 represents a cellular constituent
which is essential in the angiogenesis process. In fact,
inhibition of the expression of the protein IRS-1 by said
antisense oligonucleotides leads to the inhibition of the
formation of capillary tubes by endothelial cells.

The oligonucleotides according to the invention and
the compositions containing them are thus indicated as
antiangiogenic agents. They are also indicated as anti-
cell-multiplication agents, particularly as antitumor
agents, and consequently are particularly useful for the
treatment of tumors. Thus the present invention provides
the use of said oligonucleotides for the preparation of a
composition intended for ﬁhe treatment or prevention of
pathologies linked to invasive, uncontrolled angiogenesis
such as, as nonlimitative example: the treatment of tumour
vascularization, eye diseases linked to the
neovascularization of the ocular apparatus such as
retinopathies, rheumatoid arthritis, Crohn’s disease,
atherosclerosis, hyperstimulation of the ovary, psoriasis,
endometritis associated with neovascularization,
restenosis due to balloon angioplasty, tissue
superproduction due to cicatrization, peripheral vascular
disease, hypertension, vascular inflammation, Raynaud's
disease and Raynaud’s phenomena, aneurysm, arterial
restenosis, thrombophlebitis, lymphangitis, lymphendema,
tissue cicatrization and repair, ischemia, angina,
myocardial infarction, chronic heart disease, cardiac
insufficiencies such as congestive heart failure, age-
related macular degeneration and osteoporosis.

The above pharmaceutical compositions are more
particularly implemented in a manner such that they can be
administered via the subcutaneous, intramuscular,
intravenous or transdermal route. For such administration,
use is made notably of aqueous suspensions, isotonic
saline solutions or sterile,

H:\rochb\Keep\2002 3 45665.doc 04/01/06
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Injectable solutions containing pharmacologically
compatible dispersion agents and/or wetting agents such
as, for example, propylene glycol or butylene glycol.

The usual unit dose to be administered contains from
0.001 mg to 50 mg of active principle.

The oligonucleotides of the invention are also useful
as research reagents, notably for the in vitro study of
signalization routes involving the 180-kDa protein, for
example on tumor cells or non-tumor cells transfected by
said oligonucleotides. They are also useful for the in
vivo study of signalization routes involving the 180-kDa
protein in a large number of physiological and
pathological phenomena such as angiogenesis or
carcinogenesis essentially from the kinase/phosphatase
ratio.

Thus, the pharmaceutical compositions of the invention
are particularly useful for the performance of tests for
the diagnosis of pathologies linked to angiogenesis
phenomena, notably for the diagnosis of retinopathies,
rheumatoid arthritis, Crohn's disease, atherosclerosis,
hyperstimulation of the ovary, psoriasis, endometritis
association with neovascularization, restenosis due to
balloon angioplasty, tissue superproduction due to
cicatrization, peripheral vascular disease, hypertension,
vascular inflammation, Raynaud’s disease and Raynaud's
phenomena, aneurysm, arterial restenosis,
thrombophlebitis, lymphangitis, lymphedema, tissue
cicatrization and repair, ischemia, angina, myocardial
infarction, chronic heart disease, cardiac insufficiencies
such as congestive heart failure or age-linked macular
degeneration and osteoporosis.

In the claims which follow and in the description of
the invention, except where the context requires otherwise
due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or
“comprising” is used in an inclusive sense, i.e. to
specify the presence of the stated features but not to

Hi\JMclach\Keep\Speci\2002345669 amended speci.doc 22/12/04
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preclude the presence or addition of further features in
various embodiments of the invention.

Other advantages and characteristics of the invention
will become clear from the examples below in which the
term “oligonucleotide” is used to designate the
oligonucleotide of SEQ ID NO.3 and which refer to the

attached figures in which:

Hi\dMclach\Keep\Speci\2002145669 amended speci.doc 22/12/04
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- figure 1A represents the Western Blot images obtained from supernatant
samples stemming from unstimulated cells (track NS) and cells stimulated with
bFGF (track S) developed with an anti-IRS-1 antibody,

- figure 1B shows the Western Blot images obtained after staining with silver
nitrate obtained from the same supernatant samples stemming from
unstimulated cells (track NS) and cells stimulated with bFGF (track S),

- figure 2 shows the Western Blot images obtained from supernatant cells
stemming from unstimulated cells (track NS) and cells stimulated with bFGF
(track B) when the membrane is incubated with an anti-phosphotyrosine
monoclonal antibody and developed with an anti-isotope antibody tagged at the
peroxidase as indicated in example 3,

- figures 3A to 3D show the images of the cultures on a type I collagen
surface of the different lots of endothelial cells:

- figure 3A shows the culture of untreated endothelial cells,

- figure 3B shows the culture of endothelial cells stimulated with 3 ng/ml of
bEGF,

- figure 3C shows the culture of endothelial cells incubated with 100 ug/ml of
oligonucleotide of SEQ ID NO. 3 for 4 hours and then stimulated with 3 ng/ml of
bFGF,

- figure 3D shows the culture of endothelial cells incubated with 100 pg/ml of
oligonucleotide of SEQ ID NO. 3 for 4 hours,

- figures 4A to 4F illustrate the results of tests of the inhibition of corneal
neovascularization in rats,

- figure 4A shows the results obtained by subconjunctival injection of an
antisense oligonucleotide at a concentration of 60 pm,

- figure 4B shows the results obtained after subconjunctival injection of a

sense oligonucleotide at a concentration of 60 pm,
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- figure 4C shows the results obtained after topical application of an antisense
oligonucleotide at a concentration of 200 um,

- figure 4D shows the results obtained after topical application of a sense
oligonucleotide at a concentration of 200 um,

- figure 4E illustrates the state of the cornea in the absence of any treatment,

- figure 4F illustrates the state of the cornea when treated with
subconjunctival injections of PBS,

- figures 5A to 5] illustrate the results of the inhibition of corneal
neovascularization obtained in different groups of rats (described in section 6.6
Results) after de-epithelialization and limbic resection of the corneas of the rats
‘on day 4 (figures 5A to 5E) and on day 9 (figures 5F to 5]). These are slit lamp
photographs showing the comparison of the growth of the vessels in the various

groups of rats. Enlargement x10.

Example 1: Demonstration of the induction of the expression of IRS-1 (the
180-kDa protein) in endothelial cells resulting from the stimulation of these
cells with bFGF.

The 180-kDa protein was demonstrated in the following manner:

The endothelial cells were cultured in a 6-well microtitration plate previously
covered with type I collagen as described in (Montesano et al., J. Cell. Biol., 1983,
83, 1648-1652). The culture medium was DMEM (Sigma) enriched with 10% of
fetal calf serum, 4 mM glutamine, 500 U/ml penicillin and 100 pg/ml
streptomycin. After 3 to 4 days of culture, there resulted a semi-confluent layer
of endothelial cells. The culture medium of six wells was aspirated and replaced
by fresh culture medium. Three wells were enriched with 3 ng/ml of bFGF.
After incubation for 48 hours, the wells were washed three times with a
phosphate buffer and the cells were used to extract the messenger RNA (mRNA)

according to protocols known by the expert in the field. The mRNAs were
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reverse transcribed by a polymerization chain reaction (PCR) using each of four
degenerated groups of oligo (dT) (T12MN) primers, M can be G, A or C; and N is
G, A Tand C Each group of primers is imposed by the base in position 3'(N)
with a degeneration in the (M) position. Example: the.: set of primers in which N
=G is constituted by:

SEQID NO. 24: 5-TTTTTTTTTTTTGG-3

SEQ ID NO. 25: 5-TTTTTTITTTITAG-3

SEQID NO. 26: 5-TTTTTTTTTTITCG-3'

The cDNAs obtained in this manner were amplified and tagged by means of
an arbitrary decamer in the presence of isotopically tagged ATP. The
electrophoresis analysis of the cDNAs revealed the presence of an amplified 326-
bp cDNA fragment in the sample stemming from the endothelial cells stimulated
with bFGF, identified in the attached sequence listing as number SEQ ID NO. 27.
However, this same fragment is weakly present or present in the trace state in
the sample stemming from the endothelial cells that were not stimulated with
bFGF. The sequencing of this fragment and the subsequent interrogation of the
databases revealed that this fragment corresponds to a part of an already known
gene, coding for the substrate of the insulin receptor (an intracellular 180-kDa
protein).

Example 2: Demonstration of the induction of the expression of IRS-1 (the
180-kDa protein).

Endothelial cells cultured on a layer of type I collagen stimulated or not
stimulated with bFGF (cf. example 1) were lysed in a cellular lyse buffer
containing sodium orthovanadate. These solutions were then clarified by
centrifugation at 14,000 g for 15 minutes. Supernatant samples stemming from
unstimulated cells and cells stimulated with bFGF containing equivalent

amounts of proteins were then taken up with an electrophoresis solution
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containing 2% SDS and 15 mM of dithiothreitol, heated at 100°C for 5 minutes
then deposited on polyacrylamide gel (gradient from 4 to 15% of acrylamide)
under denatured conditions (in the presence of 2% SDS). After migration, the
proteins were transferred onto a nitrocellulose membrane. The membrane was
blocked by incubation at ambient temperature in a 5% milk solution in a PBS
buffer. The membrane was then washed three times with a PBS buffer, incubated
in a PBS buffer containing 1 pg/ml of anti-IRS-1 ﬁonoclonal antibody for 2 hours
at ambient temperature and washed three times with a PBS buffer. The proteins
were then developed with a secondary anti-isotope antibody coupled to
peroxidase. The presence was noted of a protein of molecular weight 180 kDa
recognized by the monoclonal anti-IRS-1 antibody in the preparations stemming
from the endothelial cells stimulated with bFGF; this protein was weakly present
in the preparation stemming from the endothelial cells not simulated with bFGF
(figure 1).

Example 3: Demonstration of the induction of phosphorylation at the level
of IRS-1 tyrosine (the 180-kDa protein).

Human endothelial cells cultured on a layer of type I collagen stimulated or
not stimulated with bFGF were lysed in a cellular lyse buffer containing sodium
orthovanadate. These solutions were then clarified by centrifugation at 14,000 g
for 15 minutes (cf. example 2). The IRS-1 protein was extracted by means of an
anti-IRS-1 monoclonal antibody.  This extraction was performed after
immunoprecipitation by means of an anti-IRS-1 monoclonal antibody (Sigma).
After addition of the anti-IRS-1 antibody coupled to agarose, the suspension was
incubated for 2 hours at ambient temperature then centrifuged at 4000 g for 15
minutes. The resultant precipitate was taken up with an electrophoresis solution
containing 2% SDS and 15 mM of dithiothreitol, heated at 100°C for 5 minutes,

then deposited on polyacrylamide gel (acrylamide gradient of 4 to 15%) under
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denaturing conditions (in the presence of 2% SDS). After migration, the proteins
were transferred onto a nitrocellulose membrane. The membrane was blocked
by incubation at ambient temperature in a 5% milk solution in a PBS buffer. The
membrane was then washed three times with a PBS buffer, incubated in a PBS
buffer containing 1 pg/ml of anti-phosphotyrosine monoclonal antibody for 2
hours at ambient temperature, and then washed three times with a PBS buffer.
The proteins were then developed by means of a secondary anti-isotope
antibody coupled to peroxidase. It was found that the IRS-1 protein of molecular
weight 180 kDa was phosphorylated at the level of the tyrosine residue in the
preparations stemming from the endothelial cells stimulated with bFGF; this
protein was very weakly phosphorylated at the level of the tyrosine residue in
the preparation stemming from the endothelial cells not stimulated with bFGF
(figure 2).

Example 4: Evaluation of the in vitro antiangiogenic activity of the
oligonucleotide.

Human endothelial cells were cultured on a layer of type I collagen. The
culture wells were divided into four lots on the seventh day of culture:

Lot 1: Wells corresponding to the culture of untreated endothelial cells
(figure 3A). '

Lot 2: Wells corresponding to the culture of endothelial cells stimulated with
3 ng/ml of bFGF (figure 3B).

Lot 3: Wells corresponding to the culture of endothelial cells incubated with
100 pg/ml of oligonucleotide of SEQ ID NO. 3 for 4 hours then stimulated with 3
ng/ml of bFGF (figure 3C).

Lot 4: Wells corresponding to the culture of endothelial cells incubated with
100 pg/ml of oligonucleotide of sequence SEQ ID NO. 3 for 4 hours (figﬁre 3D).

-16-
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The various wells were examined by means of an inverted phase optical
microscope after 3 to 4 days of culture. Upon reading the results, it was found
that the human endothelial cells in lot 2 formed capillary tubes following
stimulation with bFGF. It was also found that the oligonucleotide inhibits the
formation of neovessels by these same cells stimulated with bFGF in lot 3.
Finally, it was found that that the oligonucleotide does not modify in a
pronounced manner the growth of the endothelial cells. In fact, the numbers of

endothelial cells in the lot 1 wells and in the lot 4 wells were comparable.

Example §5: Evaluation of the in vivo activity of the oligonuclectide.

Three lots of naked mice were used. Each lot was constituted by 5 mice.

Lot no. 1: This lot was used as control. Each mouse was inoculated on day 0
with 200 ul of a suspension of B16 melanoma cells (provided by Institut Gustave
Roussy, Villejuif) dispersed in PBS at the level of 106 cells/ml. These mice did
not receive subsequent treatment.

Lot no. 2: Each mouse was inoculated subcutaneously on day 0 with 200 pl of
a suspension of B16 melanoma cells dispersed in PBS at the level of 106 cells/ml.
On day 1, day 2, day 3, day 4, day 5, day 6, day 7, day 8, day 9 and day 10 each
mouse received a subcutaneous injection of 200 pl of an oligonucleotide solution
diluted in PBS at a concentration of 500 pg/ml. The oligonucleotide injection
was performed close to the cell injection site.

Lot no. 3: The mice of this lot were not inoculated with the B16 melanoma
cells. However, each of the mice received an injection of 200 pl of an
oligonucleotide solution in PBS at a concentration of 500 pg/ml; the injections
were performed on day 1, day 2, day 3, day 4, day 5, day 6, day 7, day 8, déy 9
and day 10.

The following results were obtained:

7-
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In the mice of lot no. 1, the tumor mass developed very rapidly after
inoculation. In fact, the tumor mass reached a size of 1.6 to 2.5 cm in diameter
after ten days in the mice of said lot no. 1 (untreated mice). The evolution of the
tumor mass in the mice of lot no. 2 (mice treated after inoculation by injection of
oligonucleotide on day 1, day 2 and day 3), exhibited a clearly lower increase in
the volume of the tumor mass. The tumor mass in the mice of lot 2 did not
exceed 0.8 cm in diameter on the tenth day. On the fourteenth day, the
difference between the tumor mass of the mice of lot no. 2 and those of lot no. 1
was remarkable.

In the mice of lot no. 3 (mice not having received B16 melanoma cells but
treated by injection of oligonucleotide for three days), an unexpected general
effect was observed on the skin. It was identical to that observed on all of the
mice treated with the oligonucleotide (lot 2). The skin had an aged, crumpled
appearance. The emergence of hairs was also observed on all of the treated mice.
There was a parallelism during the evolution between the regression of the
cutaneous signs and the resumption of tumor growth.

Thus, it was found that the oligonucleotide inhibits the development and
formation of neovessels by endothelial cells in vitro. The oligonucleotide also has

a remarkable in vivo antitumor activity in the naked mouse.

Example 6: Evaluation of the antiangiogenic oligonucleotide on a corneal
neovascularization model in the rat.

Based on the work published by Amano et al. (1998), the applicant employed,
modified and analyzed a model of the formation of corneal neovessels in the rat
after de-epithelialization and limbectomy (figures 5A to 5]). It is reproducible,
allows direct slit-lamp examination and quantification of the neovessels. The
details are described below. The model was then used for testing the efficacy of

the antiangiogenic agents of the invention.
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6.1 Animals and corneal neovascularization model

Male Wister rats (Rattus norvegicus), aged five weeks (Charles River France,
St-Aubin les Elbeufs, France), free of specific pathogens, were fed and allowed to
drink water freely, and maintained in the laboratory animal facility under fixed
temperature and humidity conditions, with cycles of 12 hours of light/12 hours
of darkness.

The rats were anesthetized with a mixture of ketamine (Kétamine 1000, UVA,
Ivry-sur-Seine, France; 128 mg/kg) and chlorpromazine (Largactil 25 mg/ml;
Specia Rhone Poulenc, Paris, France; 5 mg/kg), injected via the intramuscular
route. A drop of oxybuprocaine (Novésine, Chibret, Clermont-Ferrand, France)
was instilled in the right eye. Using an enlargement system (macroscope Wild
MPS 51 S, LEICA, Heerbrugg, Switzerland), the corneal epithelium was removed
by a microsponge impregnated with 70% ethanol. A 15-mm band of
conjunctiva, at the limbus, was excised with microsurgical scissors, and the
eyelids were closed by a temporary blepharorraphy with a Vicryl 5.0 thread
(Dacron, Alcon, Rueil-Malmaison, France). The eye was then rinsed abundantly
with 1X PBS, an oxytetracycline cream was applied (Posicycline, Alcon, France)

and the blepharorraphy was opened on the fourth day [8, 9].

6.2 Treatment by subconjunctival injections and topical applications of
antiangiogenic oligonucleotide

The rats were divided into 6 groups:

Group A: model + subconjunctival injection of a 60-pM antisense
oligonucleotide solution in 1X PBS,

Group B: model + topical application of a 200-uM antisense oligonucleotide
solution in 1X PBS,

Group C: model + subconjunctival injection of a 60-uM sense oligonucleotide

solution in 1X PBS,
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Group D: model + topical application of a 200-uM sense oligonucleotide
solution in 1X PBS,

Group E: model + subcutaneous injection of 1X PBS,

Group F: model without treatment.

All of the rats were subjected to de-epithelialization as described above; the
treatment was performed every 24 hours starting on the fourth day and
continuing until the ninth day. Neovascularization was examined at the
beginning, in the middle and at the end of the protocol by slit-lamp examination;

.photographs were taken on day 0 and day 9.

6.3 Visualization and quantification of the neovascularization

The animals were euthanized 10 days after the de-epithelialization by lethal
injection of pentobarbital (intraperi.toneal injection). In order to fill the
microvessels and quantify the corneal neovascularization, the upper part of the
animals’ bodies were perfused with fluorescein-dextran 2x1,000,000. The eyes
were enucleated and immersed in paraformaldehyde/1X PBS 4% for 3 hours,
then overnight in 1X PBS. The cornea was then isolated with 1 mm of limbus
under surgical microscope and inserted in the flat state between plate and cover
by means of 3 to 5 radial incisions. The flat corneas were then examined and
photographed using fluorescence microscopy. After the whole corneas were
reconstituted, they were scanned and the surfaces were measured by image
analysis; a software program (NIH image) was used for the quantification of the
neovascularization. For each photo, the total corneal surface was measured three
times as was the neovascularized surface; the ratio of the means -
neovascularized surface/total corneal surface - was used to obtain the

percentage of neovascularization and to measure the inhibition obtained.
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6.4 Statistical analysis
The results were expressed as means + SD. The percentages of
neovascularized surface/total surface were compared with the nonparametric

test of Mann-Whitney. Values of P < 0.05 were considered to be significant.

6.5 Dilution of the oligonucleotide

The oligonucleotide was diluted in 1X PBS at pH 7.2. Based on the data in the
literature and the experiments performed with other oligonucleotides, it was
decided to use a concentration of 60 M for the subconjunctival injections and a

concentration of 200 uM for the topical applications.

6.6 Results

Using the model of corneal neovessels, treatment was performed with the 5'-
TATCCGGAGGGCTCGCCATGCTGCT-3'  oligonucleotides identified under
SEQ ID NO. 3 in the attached sequence listing modified in phosphorothioate
form, daily, from day 4 to day 9, according to the following protocol:

Group A: subconjunctival injection of the antisense oligonucleotide at 60 uM
(AS 60),

Group B: topical application of the antisense oligonucleotide at 200 pM (AS
200),

Group C: subconjunctival injection of the sense oligonucleotide at 60 uM (S
60),

Group D: topical application of the sense oligonucleotide at 200 pM (S 200),

- Group E: subconjunctival injection of 1X PBS (PBS),

Group F: no treatment (0 Tt).

On the tenth day of the protocol, the rats were perfused with a solution of
FITC/dextran and then euthanized. The corneas were collected and fixed in a

4% PAF solution. The corneas were then inserted in the flat state between plate
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and cover in a glycerol solution. The fluorescent neovessels were observed and
photographed using the fluorescence microscope. The photographs were
scanned and the neovascularization percentages were measured for each animal.

The results observed are presented in table 1 below:

Table 1
Group A Group B Group C Group D GroupE Group F
AS 60 AS 200 S60 5200 PBS 0Tt
Mean 0.6157 0.5058 0.9431 0.9392 0.9552 9.9170
SD 0.2194 0.1172 0.0964 0.0308 0.0481 0.0751
Number of 15 15 15 12 9 9
measurement

s .

SEM 0.0566 0.0303 0.0249 0.008% 0.0160 0.0250

The statistical analysis of the results using a nonparametric Mann-Whitney
test yielded the following results:

The subconjunctival injections of 60-uM of the antisense oligonucleotide (A)
reduced neovascularization in relation to the control groups E and F (very
significant results, P < 0.0001 and P = 0.0011); topical application of the antisense
oligonucleotide at a concentration of 200 pM (B) reduced neovascularization in
relation to the control groups E and F (extremely significant results, P < 0.0001).

Compared to the subconjunctival administration of the sense oligonucleotide
at 60 uM (C) or the topical application of the sense oligonucleotide at 200 uM (D),
injection of the antisense oligonucleotide at 60 M (A) and topical application of
the antisense oligonucleotide at 200 pM (B) reduced neovascularization. These
results were extremely significant (P < 0.0001) (figures 4A to 4F).

The inhibition of neovascularization was not significantly different
depending on whether the antisense oligonucleotidé was administered via the
subconjunctival route (60 pM) or applied topically (200 uM). It was

approximately 35% in relation to the controls (E and F).
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The subconjunctival injection of the sense oligonucleotide at 60 pM (C) and
the topical application of the sense oligonucleotide at a concentration of 200 yM
(D) did not modify the neovascularization in relation to the control groups (E
and F). In contrast, there was a small effect of the sense oligonucleotide in topical
application (D) compared to the sense oligonucleotide in subconjunctival
injections (C) (P = 0.0117).

Moreover, there was seen in the groups treated with the antisense
oligonucleotide (A and B), a smaller diameter and density of the neovessels.
Their distribution did not differ in relation to the control groups nor was any

difference observed in relation to the level of inflammation (figure 4).

6.7 Secondary effects

No noteworthy secondary effects were seen in any of the groups during the
two experimental series: after 6 days of treatment at the doses specified above,
the skin of the rats was not crumpled, the fur was unchanged and the general
condition of the animals was good; they fed normally until the last day and no
suspicious mortality was observed. Although neither autopsies nor blood tests
were performed, the general status of the animals at the end of the experiments
did not suggest hepatic disorders. The only symptom observed was a transitory
whitish deposit at the site of the conjunctival injections in 60% of the rats of
group A, 60% of the rats of group C and 10% of the rats of group E. This deposit
had been resorbed by the end of the experiments in all cases.

This example shows that — contrary to expectations — the subcutaneous
injections of antisense oligonucleotide at a concentration of 60 pM did not inhibit
neovascularization to a greater extent than the topical application of the

antisense oligonucleotide at a concentration of 200 uM.
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This can perhaps be explained by the difference in the concentrations
employed; but this results suggests also a penetration of the oligonucleotide via
the topical route rather than via the limbus. It also suggests the absence of

prolonged release of the product from the injection site.

6.8 Conclusion

The application of the antisense oligonuclectide via the topical route or in
subconjunctival injections reduces neovascularization in our model of corneal
neovessels in the rat.

The purpose of this study was to test the efficacy of the antisense
oligonucleotides stemming from the sequence of the gene IRS-1 on a previously
developed model of corneal neovascularization in the rat.

This model is readily accessible, reproducible and quantifiable. This study
moreover provided an initial evaluation of the concentration of oligonucleotide

required in vivo to inhibit neovascularization.
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Key to figures

Sheet 1/5 = Figure 1
Attop: N.S.: cells not stimulated with bFGF
S.: cells stimulated with bFGF
At bottom left: A - Development with anti-IRS-1 antibody
Atbottom right B - Development with silver nitrate

Sheet 2/5 = Figure 2
At top: N.S.: cells not stimulated with bFGF
S.: cells stimulated with bFGF
At bottom - Development with anti-phosphotyrosine antibody

Sheet4/5

Figure 4A. Subconjunctival injections of antisense oligonucleotides (60 pM).
Figure 4B. Subconjunctival injections of sense oligonucleotides (60 uM).
Figure 4C. Topical applications of antisense oligonucleotide (200 pM).
Figure 4D. Topical applications of sense oligonuclectide (200 pM).

Figure 4E. No treatment.

Figure 4F. Subconjunctival injections of PBS.

Sheet5/5

Figure 5A. Day 4 AS [antisense] 60.
Figure 5B. Day 4 AS [antisense] 200.
Figure 5C. Day 4 S [sense] 200.
Figure 5D. Day 4 PBS.

Figure 5E. Day 4 No treatment.
Figure 5F. Day 9 AS [antisense] 60.
Figure 5G. Day 9 AS [antisense] 200.
Figure 5SH. Day 9 S [sense] 200.
Figure 51. Day 9 PBS.

Figure 5]. Day 9 No treatment.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Use of a nucleic acid molecule, which is complementary
to the nucleic acid encoding the IRS-1 protein, or a
fragment thereof, and which is capable of inhibiting the
expression of a nucleic acid molecule encoding the IRS-1
protein, in the preparation of a medicament for the
treatment or prevention of a pathology linked to

angiogenesis, by inhibiting neovascularization.

2. Use according to claim 1, wherein said
neovascularization inhibition is obtained by the
inhibition of the formation of capillary tubes by
endothelial cells.

3. Use according to claim 1 or claim 2, wherein said
nucleic acid molecule has a sequence selected from the
group consisting of SEQ ID NO.2 to SEQ ID NO.23, or a
fragment thereof comprising at least twelve contiguous

nucleotides, and derivatives thereof.

4. Use according to any one of claims 1 to 3, wherein
said nucleic acid molecule is antisense to at least twelve
contiguous nucleotides of SEQ ID NO.28, or a derivative

thereof.

5. Use according to any one of claims 1 to 4, wherein
said nucleic acid molecule is associated with an

acceptable vehicle.

6. Use according to any one of claims 1 to 5, wherein
said pathology linked to angiogenesis is selected in the
group comprising retinopathies, rheumatoid arthritis,
Crohn's disease, atherosclerosis, hyperstimulation of the
ovary, psoriasis, endometritis associated with
neovascularization, restenosis due to balloon angioplasty,

tissue superproduction due to cicatrization, peripheral
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vascular disease, hypertension, vascular inflammation,
Raynaud’s disease and Raynaud’s phenomena, aneurysm,
arterial restenosis, thrombophlebitis, lymphangitis,
lymphedema, tissue cicatrization and repair, ischemia,
angina, myocardial infarction, chronic heart disease,
cardiac insufficiencies such as congestive heart failure,

age-related macular degeneration and osteoporosis.

7. A method for treating or preventing a pathology linked
to angiogenesis, by inhibiting neovascularization,
comprising the step of administering a nucleic acid
molecule, which encodes the IRS-1 protein, or a
complementary sequence or a fragment thereof and which is
capable of inhibiting the expression of a nucleic acid

molecule encoding the IRS-1 protein, to a patient.

8. The method according to claim 7, wherein said
neovascularization inhibition is obtained by the
inhibition of the formation of capillary tubes by
endothelial cells.

9. The method according to claim 7 or claim 8, wherein
said nucleic acid molecule has a sequence selected from
the group consisting of SEQ ID NO.2 to SEQ ID NO.23, or a
fragment thereof comprising at least twelve contiguous

nucleotides, and derivatives thereof.

10. The method according to any one of claims 7 to 9,
wherein said nucleic acid molecule is antisense to at
least twelve contiguous nucleotides of SEQ ID NO.28, or a
derivative thereof.

11. The method according to any one of claims 7 to 10,
wherein said nucleic acid molecule is associated with an

acceptable vehicle.

12. The method according to any one of claims 7 to 11,
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wherein said nucleic acid molecule is administered via the
subcutaneous, intramuscular, intravenous or transdermal

route, in an amount from about 0.001 mg to about 50 mg.

13. The method according to any one of claims 7 to 12,
wherein said pathology linked to angiogenesis is selected
in the group comprising retinopathies, rheumatoid
arthritis, Crohn’s disease, atherosclerosis,
hyperstimulation of the ovary, psoriasis, endometritis
associated with neovascularization, restenosis due to
balloon angioplasty, tissue superproduction due to
cicatrization, peripheral vascular disease, hypertension,
vascular inflammation, Raynaud’s disease and Raynaud’s
phenomena, aneurysm, arterial restenosis,
thrombophlebitis, lymphangitis, lymphedema, tissue
cicatrization and repair, ischemia, angina, myocardial
infarction, chronic heart disease, cardiac insufficiencies
such as congestive heart failure, age-related macular
degeneration and osteoporosis.

14. A use according to any one of claims 1 to 6,
substantially as herein described with reference to any

one of the examples and/or drawings.

15. A method according to any one of claims 7 to 13,
substantially as herein described with reference to any

one of the examples and/or drawings.

Dated this 4*® day of January 2006
GENE SIGNAL

By their Patent Attorneys
GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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Figure 4A Figure 4B
Injections sous-conjonctivales Injections sous-conjonctivales
d’oligonucléotides antisens (60 uM) d’oligonucléotides sens (60 uM)

. Figure 4D
. Flgure 4C . Applications topiques
Applications topiques d’oligonucléotide sens (200 pM)

d’oligonucléotide antisens (200 pM)

Figure 4E Figure 4F
Absence de traitement Injections sous-conjonctivales de PBS
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gure 5A J4 AS60

Figure 5F J9 AS60

Figure 5B  J4 AS200

Figure 5C J& $200 Figure 5H J9 S200

Figure 5D J4 PBS Figure 5I J9 PBS

Figure 5J J9 0Tt

Figure 5E J4 0Tt
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SEQUENCE LISTING,

<110> AL MAHMOOD, SALMAN .

<120> Antisense oligonucleotides capable of inhibiting the formation of
capillary tubes by endothelial cells

<130> B6531-PCT-June 2002

<140> PCT/FRO2/xxxxx

<l41> 2002-06-14

<150> FR01/07805

<151> 2001-06-14

<160> 29

<170> PatentIn version 3.1
<210> 1

<211> 48

<212> DNA

<213> Artificial Sequence
<220>

<221> misc_feature
<222> (1) ..(48)
<223> Sense oligonucleotide

<400> 1

tcgatgtgac gectactgatg agtcecgtgag gacgaaactce tggcctag 48
<210> 2

<211> 35

<212> DNA

<213> Artificial Sequence

<220>

<221> misc_feature
<222> (1)..(35)
<223> Antisense oligonucleotide.

<400> 2

tatccggagg gctcgccatg ctgetgegga .gcaga 35
<210> 3

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<221> misc_feature
<222> (1)..(25)
<223> Antisense oligonucleotide.

<400> 3

tatcecggagg gctcgecatg ctget 25
<210> 4

<211> 23

<212> DNA

<213> Artificial Sequence

<220>

<221> misc_feature
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<222>
<223>

<400>

(1)..(23)
Antisense oligonucleotide.

4

tcgecatget gectgeggage aga

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

5

25

DNA

Artificial Sequence

misc_feature

(1} .. (25)
Antisense oligonuclectide.

S

tatcecggagg gectgccatg ctget

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

6

24

DNA

Artificial Sequence

misc_feature

(1) .. (24}
Antisense oligonuclectide.

6

tatceggagg gectgecatg ctge

<210>
<211>
<212>
<213>
<220>
«221>
<222>
<223>

<400>

7
23

DNA

Artificial Sequence

misc_feature

(1) ..(23)
Antisense oligonucleotide.

7

tatcecggagg goctgecatg ctg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

8

22

DNA

Artificial Sequence

misc_feature
(1) .. (22)
Antigense oligonucleotide.
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<400> 8
tatcecggagg geetgccatg ct

<210> 9
<211> 21
<212> DNA

<213> Artificial Sequence
<220>

<221> misc_feature

<222> (1)..(21)

<223> Antisense oligonucleotide.

<400> 9
tatccggagg gectgecatg ¢

<210> 10
<211> 20
<212> DNA

<213> Artificial Sequence
<220>

<221> misc_feature

<222> (1)..(20)

<223> Antisense oligonucleotide.

<400> 10
tatccggagyg gectgccatg

<210> 11
<211> 19
<212> DNA

<213> Artificial Sequence
<220>

<221> misc_feature

<222> (1)..(19)

<223> Antisense oligonucleotide.

<400> 11
tatcecggagg gcctgecat

<210> 12
<211> 18
<212> DNA

<213> Artificial Sequence
<220>

<221> misc_feature

<222>  (1)..(18)

<223> Antisense oligonucleotide.

<400> 12
tatcecggagg gectgcca
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<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

13

17

DNA

Artificial Sequence

misc_feature

(1)..(017)
Antisense oligonucleotide.

13

tatccggagg gectgece

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

14

16

DNA

Artificial Sequence

misc_feature

(1)..(186)
Antisense oligonucleotide.

14

tatceggagg gectge

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

15

15

DNA

Artificial Sequence

misc_feature

(1)..(15)
Antisense oligonucleotide.

15

tatccggagg geetg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

16

14

DNA

Artificial Sequence

misc_feature

(1)..(14)
Antisense oligonucleotide.

16

tatccggagg gect
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<210> 17

<211> 13

<212> DNA

<213> Artificial Sequence

<220>

<221> misc_feature

<222> (1)..{13)

<223> Antisense oligonucleotide.

<400> 17
tatccggagg gec

<210> 18
<211> 12
<212> DNA

<213> Artificial Sequence

<220>

<221> misc_feature

<222> (1)..(12)

<223> Ologonucleotide anti-sens.

<400> 18
tatccggagg gc

<210> 19
<211> 22
<212> DNA

<213> Artificial Sequence

<220>

<221> misc_feature

<222> (1)..(22)

<223> Antisense oligonucleotide.

<400> 19
ccggagggece tgecatgetg ct

<210> 20
<211> 19
<212> DNA

<213> Artificial Sequence
<220>

<221> misc_feature

<222> (1)..(19)

<223> Oigonucleotide anti-sens.

<400> 20
gagggcctge catgctget

<210> 21
<211l> 16
<212> DNA

13

12

22

19
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<213>
<220>
<221>
«222>
<223>

<400>

Artificial Sequence
migc_feature

(1)..(16)
Antisense oligonucleotide.

21

ggcctgecat gectget

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

22

13

DNA

Artificial Sequence

misc_feature

(1)..(13)
Antisense oligonucleotide.

22

ctgccatget get

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

23

12

DNA

Artificial Sequence

misc_feature

(1)..(12)
Antisense oligonucleotide.

23

tgccatgetg ct

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

24

14

DNA

Artificial Sequence

misc_feature

(1)..(14)
Antisense oligonucleotide;

24

ttetettttt ttgg

<210>
<211>
<212>
<213>
<220>
<221>

25

14

DNA

Artificial Sequence.

misc_feature
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<222>
<223>

<400>

(1)..(14)

Antisense oligonucleotide.

25

tttttttete ttag

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

26

14

DNA

Artificial Sequence

misc_feature
(1)..{14)

Antisense oligonucleotide.

26

tetetttett tteg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

27

326

DNA

Homo sapiens

misc_feature
(1) ..(326)

IRS-1 gene fragment coding for insulin receptor

27

gtgccgaget gagttcctta taagaattaa

ataggecatg ttaattaaac tgaagaagga

cttaaaattg gtaattgaat ggaagcaaaa

tgcatgtatt gtaaacagaa ggagatgggt

atgaacaatg tgggcgtttyg taaattetgg

actgttgatc ttttaaaaaa aaaaaa

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

28

5800

DNA

Homo sapiens

CDS
(1022) .. (4750)

28

tcttaatttt gtatttttte
tatatttgge tgggtgtttt
ttataagaag aggaaattaa
gattecttca attcaaaage

aaatgtcttt ctattcataa

substrat

ctgtaagaca
caaatgtcag
agtcttccgt
tctetttgga

taaactagat

cggeggegeyg gtcggagggg gccggcgege agagecagac gecegecgett gttttggttg
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gggctectegg
geggeagege
ccetetegee
gtectgteccet
agccacttte
ggeggceggca
tctgecgactyg
gaggcgaagg
gcccaaggat
aggecgegege
ctgtgeegga
ggeggetgag
gccteecege
agctgcgtcee
ggggtttctg
cececaceey
¢ atg geg a
Met Ala §
1
ggce tac ctg

Gly Tyr Leu

cgc geg gec
Arg Ala Ala

aac gag aag
Asn Glu Lys
50

cce ctt gag
Pro Leu Glu
65

aag cac ctg
Lys His Leu

gcg gac agc
Ala Asp Ser

ctg cac aac
Leu His Asn
115

caactcteceg
ctcccgagga
cttgtceect
ccggeecggte
tc;acccgcc
gcagcagcag
agctggtatt
aggagggaga
atttaatttg
gcgegegege
ctccagececgg
aggagacttg
cgggegtgaa
teetteaget
ctgectccag
gttgttttte
gc cct ccg

er Pro Pro
5

aggaggagga
acaggcgtet
ccecectectee
cecagetgea
gagatgggcc
cagcagcage
tgggcggetg
accecegtgea
cctegggaat
tcctggaggg
ggcgacgaga
gctctcggag
gcgcccgaaa
geeectecee
ccoctgtttge

ggagcctcec

ggaggaggga
tececgaace
ceageegect
gtggctgecce
cggatggggy
agcaacagca
gtggeggety
acgttgggac
cgectgettece
gcaccgcagg
gatgcatctt
gatcggggcet
actccggteyg
ggcgegggag
atgtgceggg

tctgcteage

ggaggggaga
ctteccaaac
ggagcgaggg
ggtategttt
ctgcagagga
acagccgeag
ggacggttgg
ttggcaacce
agaggggaac
gaccccegac
cgcteettee
gcecteacce
ggctctetee
geggegtgga
ccgeggegag

gttggtggty

agtaactgca
ctcececcate
gcagggatga
cgcatggaaa
cgcécccgcg
cgcegeggte
g9ggtgggag
gcctccccét
tcaggaggga
tgtegecetece
tggtggcgge
cggacgcact
tgggctcage
tttcagagtc
gagcctccge

geggtggeag

gag agc gat ggc ttc teg gac gtg cgc aag gtg
Glu Ser Asp Gly Phe Ser Asp Val Arg Lys Val

10

15

<gce
Arg

agce
Ser

aag
Lys

agce
Ser

gtg
val

gag
Glu
100

cgt
Arg

aaa
Lys

gag
Glu

tgg
Trp

tgc
Cys

gct
Ala
85

gee

Ala

gct
Ala

ccc aag agc
Pro Lys Ser

gct ggg ggc
Ala Gly Gly
40

cgg cac aag
Arg His Lys
55

ttc aac ate
Phe Asn Ile
70

ctc tac acc
Leu Tyr Thr

gag caa gac
Glu Gln Asp

aag ggc cac
Lys Gly His
120

atg
Met
25

ccg
Pro

teg
Ser

aac
Asn

c€gg
Arg

agc
Ser
105

cac
His

cac
His

gcg
Ala

agc
Ser

aag
Lys

gac
Asp
S0

tgg
Trp

gac
Asp

daaa
Lys

cge
Arg

gce
Ala

cgg
Arg
75

gag
Glu

tac

Tyr

gga
Gly

cgc
Arg

cte
Leu

cece
Pro
60

gct
Ala

cac
His

cag
Gln

gct
Ala

-42-

tte
Phe

gag
Glu
45

aaa
Lys

gac
Asp

ttt
Phe

get
Ala

gcg
Ala
125

tte
Phe

tac

Tyr

cgc
Arg

tce
Ser

gce
Ala

cte
Leu
110

gce
ala

gta
Val

tac

tcg
Ser

aag
Lys

atc
Ile

cta
Leu

ctc
Leu

ctg
Leu

gag
Glu

atc
Ile

aac
Asn

gcg
Ala

cag
Gln

g99
Gly

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1069

1117

1165

1213

1261

1309

1357

1405




gcg
Ala

gct
Ala
145

aaa
Lys

aag
Lys

age
Ser

atg
Met

gtg
val
225

gat
Asp

atg
Met

tecg
Ser

cte
Leu

act
Thr
305

cca
Pro

tcec
Ser

aga
Arg

cte
Leu

gga
Gly
130

999
Gly

gag
Glu

aac
Asn

tte
Phe

aac
Asn
210

ggc
Gly

gac
Asp

cgg
Arg

tce
Ser

aac
Asn
290

gag
Glu

ggc
Gly

cgc
Arg

acce
Thr

aac
Asn

ggt
Gly

dag
Glu

gte
val

ctg
Leu

gtg
Val
195

ate
Ile

cgt
Arg

tet
Ser

gce
Ala

aac
Asn
275

aat
Asn

agc
Ser

tce
Ser

cca
Pro

cac
His
355

cac
His

ggt
Gly

gac
Asp

tgg
Trp

att
Ile
180

aag
Lys

agg
Arg

tct
Ser

gtg
val

atg
Met
260

tgc
Cys

cce
Pro

ate
Ile

ttc
Phe

gce
Ala
340

gce
Ala

agc
Ser

999
Gly

ttg
Leu

caa
Gln
165

ggt
Gly

ctg
Leu

cgc
Arg

gce
Ala

gtg
Val
245

agt
Ser

tct
Ser

cecg
Pro

acc
Thr

cgt
Arg
325

teg

Ser

cac
His

cge
Arg

gge
Gly

age
Ser
150

gtg
Val

atc
Ile

aac
Asn

tgt
Cys

gty
Val
230

gec
Ala

gat
Asp

aac
Asn

ccc
Pro

gce
Ala
310

gtc
val

gtg
val

cgg
Arg

tce
Ser

agce
Ser
135

tac
Tyr

atc
Ile

tac

Tyr

teg
Ser

gge
Gly
215

acyg
Thr

cag
Gln

gag
Glu

cce
Pro

agc
Ser
295

ace

Thr

cge
Arg

gac
Asp

cat
His

ate
Ile

tgc
Cys

ggt
Gly

ctg
Leu

cge
Arg

gag
Glu
200

cac
His

999
Gly

aac
Asn

ttc
Phe

atc
Ile
280

cag

Gln

tce
Ser

gcc
Ala

ggc
Gly

cgg
Arg
360

Pro

agce
Ser

gac
Asp

aag
Lys

ctt
Leu
i85

gca
Ala

tecg
Ser

cce
Pro

atg
Met

cgc
Arg
265

agc
Ser

gtg
Val

ccg
Pro

tce
Ser

agce
Ser
345

gge
Gly

atg
Met

ggc
Gly

gtg
val

cce
Pro
170

tgc
Cys

gcg
Ala

gaa
Glu

999
Gly

cac
His
250

cct
Pro

gtc
Val

999
Gly

gce
Ala

agt
Ser
330

cct

Pro

age
ser

ceg
Pro

agc
Ser

cce
Pro
155

aag
Lys

ctg
Leu

gee
Ala

aac
Asn

gag
Glu
235

gag
Glu

cgc
Arg

cce
Pro

ctg
Leu

agce
Ser
315

gac

Asp

gtg
val

gee
Ala

gct
Ala

tece
Ser
140

cca
Pro

ggc
Gly

acc
Thr

gtg
Val

tte
Phe
220

ttec
Phe

acc
Thr

agc
Ser

ctg
Leu

acc
Thr
300

atg
Met

ggc
Gly

agt
Ser

cgg
Arg

tee
Ser

-43-

ggc
Gly

gga
Gly

ctyg
Leu

agc
Ser

gtg
Val
205

ttc
Phe

tgg
Tzp

atc
Ile

aag
Lys

cgce
Arg
285

cge
Arg

gtg
Val

gaa
Glu

ccec
Pro

ctg
Leu
365

cge
Arg

ctt
Leu

cce
Pro

ggt
Gly

aag
Lys
190

ctg
Leu

tte
Phe

atg
Met

cty
Leu

age
Ser
270

c€gg
Arg

cga
Arg

ggc
Gly

gge
Gly

age
Ser
350

cac

His

tgc
Cys

ggt
Gly

gca
Ala

cag
Gln
175

acc
Thr

cag
Gln

ate
Ile

cag
Gln

gag
Glu
255

cag
Gln

cac
His

tca
Ser

999
Gly

acc
Thr
335

ace

Thr

ccce
Pro

teg
Ser

gag
Glu

tte
Phe
160

aca
Thr

ate
Ile

ctg
Leu

gag
Glu

gtg
val
240

gee
Ala

tee
Ser

cat
His

cgc
Arg

aag
Lys
320

atg
Met

aac
Asn

ccg
Pro

cct
Pro

1453

1501

1549

1597

1645

1693

1741

1789

1837

1885

1933

1981

2029

2077

2125

2173




tcg
Ser
385

gge
Gly

tct
Ser

tee
Ser

tce

tat
Tyr
465

g9t

Gly"

gga
Gly

agt
Ser

ggce
Gly

gtg
Val
545

gga
Gly

gatg
val

gag
Glu

gat
Agp

gge

370

gce
Ala

tee
Ser

ggt
Gly

agt
Ser

ctg
Leu
450

atc
Ile

cac
His

aca
Thr

gct
ala

aca
Thr
530

gct
Ala

ggt
Gly

[ofele]
Pro

cgt
Arg

gat
Asp
610

cga

acc
Thr

acc
Thr

tce
Ser

cee
Pro
435

ggc
Gly

tge
Cys

tac

Tyr

gge
Gly

gca
Ala
515

tcc

Ser

tce
Ser

ggc
Gly

acc
Thr

cgg
Arg
595

ggc
Gly

aag

agc
ser

tecg
Ser

cee
Pro
420

tgc
Cys

cac
His

atg
Met

att
Ile

ttg
Leu
500

gat
Asp

cct
Pro

att
Ile

agt
Ser

cge
Arg
580

999
Gly

tac

Tyr

ggc

ccg
Pro

gat
Asp
405

age
Ser

gat
Asp

ace
Thr

g9t
Gly

ttg
Leu
485

gge
Gly

ctg
Leu

acc
Thr

gag
Glu

gga
Gly
565

tece
Ser

999
Gly

atg
Met

agt

gte
val
390

tgt
Cys

gat
Asp

tte
Phe

cca
Pro

gg¢
Gly
470

tect

Ser

acg
Thr

gat
Asp

att
Ile

gag
Glu
550

ggc
Gly

tac

Tyr

cac
His

ccce
Pro

gga

375

agt
Ser

ctc
Leu

ggc
Gly

€99
Arg

cca
Pro
455

aag
Lys

cgq
Rrg

agt
Ser

aat
Asn

ace
Thr
535

tac

Tyr

cga
Arg

cca
Pro

cac
Hig

atg
Met
615

gac

cty
Leu

ttc
Phe

ggt
Gly

agt
Ser
440

gce
Ala

999
Gly

ggt
Gly

cca
Pro

cgg
Arg
520

cac

His

aca
Thr

ctg
Leu

gag
Glu

cgc
Arg
600

tcce
Ser

tat

teg
Ser

cca
Pro

tte
Phe
425

tece
Ser

cgce
Arg

cce
Pro

ggce
Gly

gee
Ala
505

tte
Phe

cag
Gln

gag
Glu

cecg
Pro

gag
Glu
585

cca
Pro

cca
Pro

atg

tcc
Ser

cgg9
Arg
410

atc
Ile

tte
Phe

ggt
Gly

tce
Ser

aat
Asn
490

ttg

Leu

cga
Arg

aag
Lys

atg
Met

gga
Gly

10

agt
Ser
395

cga
Arg

tce
Ser

cgc
Arg

gag
Glu

acc
Thr
475

ggc
Gly

gct
Ala

aag
Lys

acc
Thr

atg
Met
555

cac
His

570

ggt
Gly

gac
Asp

999
Gly

cce

ctg
Leu

age
Ser

gtyg
Val

atg

380

agc
Ser

tet
sSer

tcg
Ser

agt
Ser

gag
Glu
460

ctg
Leu

cac
His

999
Gly

aga
Arg

cecg
Pro
540

cct

Pro

agg
Arg

gaa
Glu

tec
Ser

gcc
Ala
620

age

-44-

ace
Thr

agt
Ser

gat
Asp

gtc
Val
445

gag
Glu

acc
Thr

cge

gat
Asp

act
Thr
525

tce

Ser

gcc
Ala

cac
His

atg
Met

acc
Thr
605

cca
Pro

cece

agt
Ser

gct
Ala

gag
Glu
430

act
Thr

cta
Leu

gce
Ala

tgc
Cys

gaa
Glu
510

cac

His

cag
Gln

tac
Tyr

tce
Ser

cac
His
590

cte
Leu

gtg
Val

aag

gge
Gly

tcg
Ser
415

tat
Tyr

ceg
Pro

age
ser

ccc
Pro

acc
Thr
495

gca

Ala

tcg
Ser

tcc
Ser

cca
Pro

gce
Ala
575

cce
Pro

cac
His

ccc
Pro

agc

cat
His
400

gtg
val

ggc¢
Gly

gat
Asp

aac
Asn

aac
Asn
480

cca

Pro

gce
Ala

gca
Ala

tca
Ser

cca
Pro
560

ttc
Phe

ttg
Leu

acg
Thr

agt
Ser

gta

2221

2269

2317

2365

2413

2461

2509

2557

2605

2653

2701

2749

2797

2845

2893

2941




Gly
625

tet

gtg
val

cct
Pro

gtc
val

ggc
Gly
705

age
Ser

Pro

cct
Pro

aga
Arg

cgg
Arg
785

gct
Ala

ggt
Gly

cac
His

gct
Ala

gat
Asp
865

Arg

gee
Ala

gac
Asp

gac
Asp

cct
Pro
690

cac
His

ggt
Gly

gtg
val

gag
Glu

tee
Ser
770

cat
His

gca
Ala

999
Cly

cat
His

cag
Gln
850

cce
Pro

Lys

cca
Pro

cce
Pro

att
Ile
675

tece
Ser

cac
His

ggt
Gly

999
Gly

gac
Asp
755

ttt
Phe

cag
Gln

aca
Thr

g9a
Gly

cag
Gln
835

acce

Thr

aag
Lys

Gly

cag
Gln

aat
Asn
660

gga
Gly

999
Gly

tct
Ser

aag
Lys

gac
Asp
740

ccc
Pro

aag
Lys

cac
His

geca
Ala

tac
Tyr
820

gtt
val

aat
Asn

gce
Ala

Ser

cag
Gln
645

ggc
Gly

ggt
Gly

acc
Thr

cat
His

ctc
Leu
725

tecc
Ser

cag
Gln

cac
His

ctc
Leu

gat
Asp
805

tgc
Cys

ctg
Leu

age
Ser

agc
Ser

Gly
630

atc
Ile

tac

Tyr

ggc
Gly

agc
Ser

gtc
val
710

tta
Leu

aac
Asn

cac
His

acc
Thr

cgc
Arg
790

gat
Asp

999
Gly

cag
Gln

cge
Arg

acce
Thr
870

Asp

atc
Ile

atg
Met

cee
Pro

tat
Tyr
695

ttg
Leu

cet
Pro

acce
Thr

aag
Lys

cag
Gln
775

ctt
Leu

tet
Ser

gect
Ala

cce
Pro

ctg
Leu
855

tta
Leu

Tyr

aat
Asn

atg
Met

agc
Ser
680

gga
Gly

cect
Pro

tge
Cys

agce
Ser

cca
Pro
760

cge
Arg

tce
Ser

tece
Ser

agg
Arg

cat
His
840
gce

Ala

cct
Pro

Met

cce
Pro

atg
Met
665

agc
Ser

aag
Lys

cac
His

aca
Thr

age
Ser
745

gte
val

cce
Pro

act
Thr

tet
Ser

ctg
Leu
825

ctg

Leu

cgg
Arg

cgg
Arg

Pro

ate
Ile
650

tce
Ser

age
Sexr

ctg
Leu

cce
Pro

ggt
Gly
730

cee
Pro

ctc
Leu

999
Gly

agce
Ser

tee
Ser
810

gag
Glu

cct
Pro

cee
Pro

gce
Ala

11

Met
635

aga
Arg

cce
Pro

agc
Ser

tgg
Trp

aaa
Lys
715

gac
Asp

tce
Ser

tee
Ser

gag
Glu

tet
Ser
795

acce
Thr

cee
Pro

cga
Arg

acg
Thr

cga
Arg
875

Ser

cge
Arg

age
Ser

age
Ser

aca
Thr
700

ccc

Pro

tac

Tyr

gac
Asp

tac

Tyr

ceg
Pro
780

ggt
Gly

age
Ser

agc
Ser

aag
Lys
agg

860

gag
Glu

-45-

Pro

cat
His

ggt
Gly

agc
Ser
685

aac

cca
Pro

atg
Met

tge
Cys

tac
Tyr
765

gag
Glu

cgc
Arg

agce
Ser

ctt
Leu

gtg
Val
845

ctg
Leu

cag
Gln

Lys

cce
Pro

gg¢
Gly
670

agc
Ser

999
Gly

gtg
Val

aac
Asn

tac

Tyr
750

tca

Ser

gag
Glu

ctt
Leu

gac
Asp

cca
Pro
830

gac

tce
Ser

cag
Gln

Ser

cag
Gln
655

tgc
Cys

aac
Asn

gta
Val

gag
Glu

atg
Met
735

tac
Tyr

ttg
Leu

ggt
Gly

cte
Leu

age
Ser
815

cat

His

aca
Thr

ctg
Leu

cag
Gln

Val
640

aga
Arg

tct
Ser

gce
Ala

999
Gly

agc
Ser
720

tca
Ser

ggce
Gly

cca
Pro

gce
Ala

tat
Tyr
800

ctg
Leu

cce
Pro

gct
Ala

999
Gly

cag
Gln
880

2989

3037

3085

3133

3181

3229

3277

33258

3373

3421

3469

3517

3565

3613

3661




cag
Gln

gte
val

gtg
val

cca
Pro

gac
Asp
945

gag
Glu

agg
Arg

cag
Gln

cct
Pro

gtg
Val

gca
Ala

gct
Ala

atg
Met

agt
Ser

cat
His

ggc
Gly

cag
Gln

aat
Asn

gct
Ala

gect
Ala
930

ctyg
Leu

atg
Met

cct
Pro

atg
Met

gta
Val
1010

agc
Ser
1025

gecce
Ala
1040

gce
Ala
1055

age
Ser
1070

gecc
Ala
1085

agc
Ser
1100

aac
Agn
1115

cce
Pro

att
Ile

ttc
Phe
915

cece
Pro

g99
Gly

gge
Gly

acc
Thr

agt
Ser
995

agce tat get gac

Ser Tyr

ctg
Leu

tct
Ser

cac
His

gce
Ala

aaa

Lys

tecc
Ser

aca
Thr

ttg
Leu

gaa
Glu
900

cac
His

aga
Arg

ccg
Pro

aga
Arg

cgg
Arg
980

tgt
Cys

get
Ala

teg
Ser

tte
Phe

gtg
Val

dag
Glu

gtg
Val

cce
Pro

ctg
Leu
885

ttt
Phe

agc
Ser

gag
Glu

gg9c
Gly

ctyg
Leu
965

gca

Ala

cce
Pro

ala

agg
Arg

tee
Ser

tee
Ser

acc
Thr

atc
Ile

act
Thr

cce
Pro

cac
His

999
Gly

tca
Ser

gaa
Glu

cgqg
Arg
950

ggc
Gly

gtg
val

cgt
Arg

Asp

gee
Ala

ceg
Pro

ctg
Leu

cgg
Arg

cct
Pro

agt
Ser

cct
Pro

gag
Glu
935

agg
Arg

cct
Pro

cce
Pro

cag
Gln

atg
Met

cca
Pro

gat
Asp

tet
Ser
920

act
Thr

geca
Ala

gca
Ala

age
Ser

agc
Ser
1000

cga aca
Arg Thr

1015

acc at
Thr Met Ala A
1030

act

ggg cct

Thr @G1
1045

ctg
Leu Gl

999

1060

gtg
val

aa
Ag

1075

gag
Glu

cag
Gln
905
gte
Val

ggc
Gly

gcc
Ala

cct
Pro

age
Ser
985

tac gtg gac acc tcg
Tyr Val Asp Thr Ser

g gct

Y

Y

c ctc
n Leu

Pro

gge
Gly

cece
Pro
890

tct
Ser

agg
Arg

act
Thr

tag
Trp

cce
Pro
970

€g9
Arg

ggc
Gly

gct

caa
Gln

cca
Pro

agt
Ser

caa

12

aag
Lys

gge
Gly

tgt
Cys

gag
Glu

cag
Gln
955

999
Gly

ggt
Gly

age ceg
Ser Pro

tac ttg
Tyr Leu

cca tcc
Pro Ser
925

gag tac
Glu Tyr
940

gag agc
Glu Ser

gct gct
Ala Ala

gac tac
Asp Tyr

999
Gly

tct
Ser
910

cag
Gln

atg
Met

act
Thr

agc
Ser

atg
Met
990

cca gct gee
Pro Ala ala

1005

att gct
Ile Ala

1020

gce tee

la Ala Ser

1035

g99 gca
Gly Ala &la

1050

caa gga
Gln Gly

1065

cct aac
Pro Asn

1080

gca
Ala

tca
Ser

gca

cct
Pro

cge
Arg

gaa
Glu
895

gge
Gly

cte
Leu

aag
Lys

999
Gly

att
Ile
975

ace
Thx

gag
Glu

tcec
Ser

gag
Glu

999
Gly

aac
Asn

tat
Tyr

ceg
Pro

cag
Gln

atg
Met

gte
val
960

tge
Cys

atg
Met

gag
Glu

tca
Ser

ctyg
Leu

gg9c
Gly

cag
Gln

cgt gca
Arg Ala
1090

ttc tce
Phe Ser
1105

ttt gga
Phe Gly
1120

gac
Asp

tca
Ser

geg
Ala

ceca
Pro

aca
Thr

999
Gly

Gln

cece
Pro

gca
Ala

999
Gly

agt
Ser

gca
Ala
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tgc cgg
Cys Arg
1095

gce  ace
Ala Thr
1110

gta ggg
val Gly

1125

€gg agg
Arg Arg

€gg gtg
Arg Vval

ggc ggt
Gly Gly

3709

3757

3805

3853

3901

3949

3997

4045

4090

4135

4180

4225

4270

4315

4360

4405




ggc ggt agce age age
Gly Gly Ser Ser Ser

1130

gct tce ttt gag aat
Ala Ser Phe Glu Asn

1145

gce ccc aag gag cca
Ala Pro Lys Glu Pro

1160

gag aat ggt ctt aac
Glu Asn Gly Leu Asn

1175

aaa cag tgc cct cag
Lys Gln Cys Pro Gln

1190

¢cce cca ccc cct cat
Pro Pro Pro Pro His

1205

acc cgc cgc tca agt
Thr Arg Arg Ser Ser

1220

tte cag aag cag cca
Phe Gln Lys Gln Pro

1235
gaatgaagac
aatatttcat
atccattteca
tctatattgt
taaacttcat
cgtgtcatga
tgaaactgtg
gtggagagag
aaaatgtaac
ttctgttgta
tgatccttgt
tggttctcaa
tgagctgagt
gccatgttaa

aaattggtaa

ctaaatgacc
gattcacaac
gtttgtttac
gccaagcgaa
cttcaacctt
gagaatgggt
tacgacaaag
tattaaatat
ttttettaca
aagagtggag
tttaagattg
ttgtatagtt
tcettataag
ttaaactgaa

ttgaatggaa

agc age gag
Ser Ser Glu
1135

gtg tgg ctg
Val Trp Leu
1150
gcc aaa ctg
Ala Lys Leu
1165
tac ata gac
Tyr Ile Asp
1180
gag tgc ace
Glu Cys Thr
1195
caa ccc ctg
Gln Pro Leu
1210
gag gat tta
Glu Asp Leu
1225
gag gac cgt
Glu Asp Arg
1240
tcagcaaatc
taggacctca
tttatccaat
aaaaaaaaat
aaggacttag
ttactctcaa
catcattgta
ttaacatagg
gcacatcttt
caaatgctta
taattcagaa
atatttgetg
aattaatctt

gaaggatata

gcaaaattat

gat gtg aa
Asp Val Ly:

agg cct gg

a cgc cac
s Arg His
1140

g gag ctt

Arg Pro Gly Glu Leu

tgt ggg gc
Cys Gly Al

1155

t gct  ggg
a Ala Gly
1170

ctg gat ttg gtc aag
Leu Asp Leu Val Lys

1185

cct gaa ccg cag cct
Pro Glu Pro Gln Pro

ggc age ggi

1200

t gag agc

Gly Ser Gly Glu Ser

age gece ta
Ser Ala Ty

1215

t gec agce
r Ala Ser
1230

agc tct
Ser Ser

999 gg9a
Gly Gly

ggt ttg
Gly Leu

gac ttc
Asp Phe

ccc cca
Pro Pro

agec tece
Ser Ser

atc agt
Ile Ser

cag tag ctcaactgga catcacagca

Gln

ctcttctaac
tatcttecte
cetcaggatt
gcactgtgac
ctggccacag
tgcattttca
aattatttca
ttttgattta
tttttggatg
aaacaaggcet
aacataatat
atactatcte
aattttgtat
tttggetggg

aagaagagga

tcatgggtac
atcagtagat
tcattgactg
accagaataa
tgagctgatg
agatacattt
tacaaaactyg
tatgtgtaat
tgggatggag
taaaagagta
aagaatcata
ttgtcatata
tttttectgt
tgttttoaaa

aattaaagtc

ccagactcta
ggtacgatgc
aactgcacgt
tgagtctgeca
tgcccaccac
catctgetge
ttcacgttgg
tttttaaatg
gtatacaatg
gaatagggta
gtgccataga
aacctgatgt
aagacaatag
tgtcagctta

ttccattgca

4450

4495

4540

4585

4630

4675

4720

4770

4830

4820

4950

5010

5070

S130

5190

5250

5310

5370

5430

5490

5550

5610

5670
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tgtattgtaa acagaaggag atgggtgatt ccttcaattc aaaagctcte tttggaatga
acaatgtggg cgtttgtaaa ttctggaaat gtctttctat tcataataaa ctagatactg

ttgatetttt

<210> 29

<211> 1242

«212> PRT

<213> Homo sapiens
<400> 29

Met Ala Ser Pro Pro Glu Ser Asp Gly Phe Ser Asp Val Arg Lys Val
1 5 10 15

Gly Tyr Leu Arg Lys Pro Lys Ser Met His Lys Arg Phe Phe Val Leu
20 25 30

Arg Ala Ala Ser Glu Ala Gly Gly Pro Ala Arg Leu Glu Tyr Tyr Glu
35 40 45

Asn Glu Lys Lys Trp Arg His Lys Ser Ser Ala Pro Lys Arg Ser Ile
50 S5 60

Pro Leu Glu Ser Cys Phe Asn Ile Asn Lys Arg Ala Asp Ser Lys Asn
65 70 75 80

Lys His Leu Val Ala Leu Tyr Thr Arg Asp Glu His Phe Ala Ile Ala
85 90 95

Ala Asp Ser Glu Ala Glu Gln Asp Ser Trp Tyr Gln Ala Leu Leu Gln
100 105 110

Leu His Asn Arg Ala Lys Gly His His Asp Gly Ala Ala Ala Leu Gly
115 120 125

Ala Gly Gly Gly Gly Gly Ser Cys Ser Gly Ser Ser Gly Leu Gly Glu
130 135 140

Ala Gly Glu Asp Leu Ser Tyr Gly Asp Val Pro Pro Gly Pro Ala Phe
145 150 155 160

Lys Glu Val Trp Gln Val Ile Leu Lys Pro Lys Gly Leu Gly Gln Thr
165 170 175

Lys Asn Leu Ile Gly Ile Tyr Arg Leu Cys Leu Thr Ser Lys Thr Ile
180 185 190

Ser Phe Val Lys Leu Asn Ser Glu Ala Ala Ala Val Val Leu Gln Leu
195 200 205

Met Asn Ile Arg Arg Cys Gly His Ser Glu Asn Phe Phe Phe Ile Glu
210 215 220

vVal Gly Arg Ser Ala Val Thr Gly Pro Gly Glu Phe Trp Met Gln Val
225 230 235 240

Asp Asp Ser Val Val Ala Gln Asn Met His Glu Thr Ile Leu Glu Ala
245 250 255

Met Arg Ala Met Ser Asp Glu Phe Arg Pro Arg Ser Lys Ser Gln Ser
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5730

5790

5800




Ser

Leu

Thr

305

Pro

Ser

Arg

Leu

Ser

385

Gly

Ser

Ser

Ser

Tyr

465

Gly

Gly

Ser

Gly

Val

545

CGly

Val

Glu

Ser

Asn

290

Glu

Gly

Arg

Thr

Asn

370

Ala

Ser

Gly

Ser

Leu

450

Ile

His

Thr

Ala

Thr

530

Ala

Gly

Pro

Arg

Asn
275
Asn
Ser
Ser
Pro
His
355
His
Thr
Thr
Ser
Pro
435
Gly
Cys
Tyr
Gly
Ala
518
Ser
Ser
Gly

Thr

Arg

260
Cys

Pro

Ile

Phe

Ala

340

Ala

Ser

Ser

Ser

Pro

420

Cys

His

Met

Ile

Leu

500

Asp

Pro

Ile

Ser

Arg

580

Gly

Ser

Pro

Thr

Arg

325

Ser

His

Arg

Pro

Asp

405

Ser

Asp

Thr

Gly

Leu

485

Gly

Leu

Thr

Glu

Gly

565

Ser

Gly

Asn

Pro

Ala

310

Val

Val

Arg

Ser

val

330

Cys

Asp

Phe

Pro

Gly

470

Ser

Thr

Asp

Ile

Glu

550

Gly

Tyr

Hise

Pro
Ser
295
Thr
Arg
Asp
His
Ile
375
Ser
Leu
Gly
Arg
Pro
455
Lys
Arg
Ser
Asn
Thr
535
Tyr
Arg

Pro

His

Ile

280

Gln

Ser

Ala

Gly

Arg

360

Pro

Leu

Phe

Gly

Ser

440

Ala

Gly

Gly

Pro

Arg

520

Thr

Leu

Glu

Arg

265

Ser
Val
Pro
Ser
Ser
345
Gly
Met
Ser
Pro
Phe
425
Ser
Arg
Pro
Gly
Ala
505
Phe
Gln
Glu
Pro
Glu

585

Pro

Val

Gly

Ala

Ser

330

Pro

Ser

Pro

Ser

Arg

410

Ile

Phe

Gly

Ser

Asn

490

Leu

Arg

Lys

Met

Gly

570

Gly

Asp

15

Pro Leu
Leu Thr
300

Ser Met
315

Asp Gly

Val Ser

Ala Arg

Ala Ser
380

Ser Ser
395

Arg Ser

Ser Ser

Arg Ser

Glu Glu

460

Thr Leu
475

Gly His
Ala Gly
Lys Arg
Thr Pro

540
Met Pro
555
His Arg

Leu Glu

Ser Ser

Arg

285

Arg

val

Glu

Pro

Leu

365

Arg

Thr

Ser

Asp

Val

445

Glu

Thr

Arg

Asp

Thr

525

Ser

Ala

Hisg

Met

Thr

270

Arg

Arg

Gly

Gly

Ser

350

His

Cys

Ser

Ala

Glu

430

Thr

Leu

Ala

Cys

Glu

510

His

Gln

Tyr

Ser

His

590

Leu

His

Ser

Gly

Thr

335

Thr

Pro

Ser

Gly

Ser

415

Tyr

Pro

Ser

Pro

Thr

495

Ala

Ser

Ser

Pro

Ala

575

Pro

His

Hig

Arg

Lys

320

Met

Asn

Pro

Pro

His

400

Val

Gly

Asp

Asn

Asn

480

Pro

Ala

Ala

Ser

Pro

560

Phe

Leu

Thr
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Asp

Gly

625

Ser

val

Pro

val

Gly

708

Ser

Pro

Pro

Arg

Arg

785

Ala

Gly

Ala

Asp

865

Gln

Val

Vval

Pro

Asp

610

Arg

Ala

Asp

Asp

Pro

690

His

Gly

Val

Glu

Ser

770

His

Ala

Gly

His

Gln

850

Pro

Gln

Asn

Ala

Ala

595

Gly

Lys

Pro

Pro

Ile

675

Ser

His

Gly

Gly

Asp

755

Phe

Gln

Thr

Gly

Gln

835

Thr

Lys

Pro

Ile

Phe

915

Pro

Tyr

Gly

Gln

Asn

660

Gly

Gly

Ser

Lys

Asp

740

Pro

Lys

His

Ala

Tyr
820
val
Asn
Ala
Leu
Glu
900

His

Arg

Met

Ser

Gln

645

Gly

Gly

Thr

Hig

Leu

725

Ser

Gln

His

Leu

Asp

BQS

Cys

Leu

Ser

Ser

Leu

885

Phe

Ser

Glu

Pro
Gly
630

Ile

Tyr

Gly

Ser

val

710

Leu

Asn

His

Thr

Arg

790

Asp

Gly

Gln

Arg

Thr

870

His

Gly

Ser

Glu

Met

615

Asp

Ile

Met

Pro

Tyr

695

Leu

Pro

Thr

Lys

Gln

775

Leu

Ser

Ala

Pro

Leu

855

Leu

Pro

Ser

Pro

Glu

600

Ser

Tyr

Asn

Met

Ser

680

Gly

Pro

Cys

Ser

Pro

760

Arg

Ser

Ser

Arg

His

840

Ala

Pro

Pro

Asp

Ser

920

Thr

Pro

Met

Pro

Met

665

Ser

Lys

His

Thr

Ser

745

Val

Pro

Thr

Ser

Leu

B25

Leu

Arg

Arg

Glu

Gln

905

val

Gly

Gly

Pro

Ile

650

Ser

Ser

Leu

Pro

Gly

730

Pro

Leu

Gly

Ser

Ser

810

Glu

Pro

Pro

Ala

Pro

890

Ser

Arg

Thr

16

Val

Met

635

Arg

Pro

Ser

Trp

Lys

715

Asp

Ser

Ser

Glu

Ser

795

Thr

Pro

Arg

Thr

Arg

875

Lys

Gly

Cys

Glu

Ala

620

Serxr

Arg

Ser

Ser

Thr

700

Pro

Tyr

Asp

Tyr

Pro

780

Gly

Ser

Ser

Lys

Arg

860

Glu

Ser

Tyr

Pro

Glu
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605

Pro

Pro

His

Gly

Ser

685

Asn

Pro

Met

Tyr

765

Glu

Arg

Ser

Leu

Val

845

Leu

Gln

Pro

Leu

Ser
925

Tyr

val

Lys

Pro

Gly

670

Ser

Gly

Val

Asn

Tyr
750
Ser
Glu
Leu
Asp
Pro
830
Asp
Ser
Gln
Gly
Ser
910

Gln

Met

Pro

Ser

Gln

655

Cys

Asn

val

Glu

Met
735

Tyr

Leu

Gly

Leu

Ser

815

His

Thr

Leu

Gln

Glu

895

Gly

Leu

Lys

Ser
Val
640
Arg
Ser
Ala
Gly
Ser
720
Ser
Gly
Pro
Ala
Tyr
800
Leu
Pro
Ala

Gly

Gln
880

Tyr

Pro

Gln

Met
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930 935 940

Asp Leu Gly Pro Gly Arg Arg Ala Ala Trp Gln Glu Ser Thr Gly Val
945 950 955 960

Glu Met Gly Arg Leu Gly Pro Ala Pro Pro Gly Ala Ala Ser Ile Cys
965 970 975

Arg Pro Thr Arg Ala Val Pro Ser Ser Arg Gly Asp Tyr Met Thr Met
980 985 990

Gln Met Ser Cys Pro Arg Gln Ser Tyr Val Rsp Thr Ser Pro Ala Ala
995 1000 . 1005

Pro Val Ser Tyr Ala Asp Met Arg Thr Gly Ile Ala Ala Glu Glu
1010 1015 1020

Val Ser Leu Pro Arg Ala Thr Met Ala Ala Ala Ser Ser Ser Ser
1025 1030 1035

Ala Ala Ser Ala Ser Pro Thr Gly Pro Gln Gly Ala Ala Glu Leu
1040 1045 1050

Ala Ala His Ser Ser Leu Leu Gly Gly Pro Gln Gly Pro Gly Gly
1055 1060 1065

Met Ser Ala Phe Thr Arg Val Asn Leu Ser Pro Asn Arg Asn Gln
1070 1075 1080

Ser Ala Lys Val Ile Arg Ala Asp Pro Gln Gly Cys Arg Arg Arg
1085 1090 1095

His Ser Ser Glu Thr Phe Ser Ser Thr Pro Ser Ala Thr Arg Val
1100 1105 1110

Gly Asn Thr Val Pro Phe Gly Ala Gly Ala Ala val Gly Gly Gly
1115 1120 1125

Gly Gly Ser Ser Ser Ser Ser Glu Asp Val Lys Arg His Ser Ser
1130 1135 1140

Ala Ser Phe Glu Asn Val Trp Leu Arg Pro Gly Glu Leu Gly Giy
1145 1150 1155

Ala Pro Lys Glu Pro Ala Lys Leu Cys Gly Ala Ala Gly Gly Leu
1160 1165 1170

Glu Asn Gly Leu Asn Tyr Ile Asp Leu Asp Leu Val Lys Asp Phe
1175 1180 1185

Lys Gln Cys Pro Gln Glu Cys Thr Pro Glu Pro Gln Pro Pro Pro
1190 1195 1200

Pro Pro Pro Pro His Gln Pro Leu Gly Ser Gly Glu Ser Ser Ser
1205 1210 1215

Thr Arg Arg Ser Ser Glu Asp Leu Ser Ala Tyr Ala Ser Ile Ser
1220 1225 : 1230

Phe Gln Lys Gln Pro Glu Asp Arg Gln
1235 1240
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