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METHOD FOR THE IN VITRO DIAGNOSTIC OF INFERTILITY

The present invention relates to a method for the in vitro diagnostic of infertility of a
eukaryotic organism.

Infertility, notably female infertility, arises from various causes. In women the main
causes are pelvic inflammatory diseases, endometriosis, hypothalamic-pituitary disorders,
polycystic ovarian syndrome, ovarian cysts, premature ovarian failure, luteal phase defect, or
benign uterine fibroids.

Medical investigations to diagnose infertility and determine its etiology notably rely
on in vitro tests, such as hormonal dosages, uterine biopsies, tests for autoimmune diseases,
genetic tests, but also on imaging, with techniques such as echography or magnetic resonance
imaging; or on physical investigations, such as hysteroscopy or hysterosalpingography.

However, about 15 to 20 % of female infertilities remain unexplained and thus

unfreated.

Cdc6 is a protein which is essential for the initiation of DNA replication (Kelly e al.,

" Annu. Rev. Biochem. (2000) 69:829-880 ; Lei & Tye, J. Cell Sci. (2001) 114:1447-1454). In

conjunction with Cdctl and the origin of replication complex (ORC) it is responsible for the
loading of the mini-chromosome maintenance (MCM) complex onto the chromatin to form a
pre-replication complex. This step establishes the license to replicate DNA, enabling the
association of a replication complex to chromatin.

Oocyte maturation to give an unfertilized egg is a specialized stage of the meiotic cell
cycle. In most species, oocytes are arrested at the prophase stage of the first meiotic division;
they are not fertilizable and have lost the ability to replicate DNA. Hormone stimuli induce
resumption of meiosis, with completion of meiosis I and arrest in meiosis II at the metaphase
stage in vertebrates. At this stage, the mature oocyte can be fertilized; it has regained the
ability to replicate DNA, and embryonic development can initiate.

The present invention provides a new method to detect a newly identified cause of
sterility. |

The invention relates in particular to a method for the in vitro diagnostic of infertility
of a eukaryotic organism.

Another aspect of the invention relates to a pharmaceutical composition useful for

curing infertility.

CONEIRMATION COPY
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A further aspect of the invention relates to the use of a prbtein for the manufacture of a
medicament for the treatment of infertilities.

Still another aspect of the invention relates to the use of a compound inhibiting a protein
activity for the manufacture of a contraceptive.

The present invention relates to a method for the in vitro diagnostic of infertility of a
eukaryotic organism, comprising the detection of the presence or the absence of Cdc6 protein
or of Cdc6 mRNA in germinal cells of said eukaryotic organism, at a given maturation stage
of said germinal cells. _

According to a preferred embodiment, the invention more particularly relates to a
method for the in vitro diagnostic of infertility of a female eukaryotic organism.

The expression “infertility” refers to the inability of said eukaryotic organism to
sexually reproduce.

The expression “germinal cells” refers to cells which can yield gametes once
differentiated or to the gametes themselves. In a female organism the gametes are called
ovules.

The expression “ovule” relates to a fertilisable (unfertilized) egg.

The expression “maturation stage” refers to a particular step of the process of germinal

. cell differentiation, or meiotic maturation, to yield a gamete, and in particular to yield an egg

from an oocyte.

In a female organism the germinal cells undergoing meiotic maturation are called
maturing oocytes. Oocytes not having been through the first meiotic division are called
primary oocytes, after having been through the first meiotic division they are called secondary
oocytes. At the final stage of maturation the oocyte is called a mature oocyte. Once liberated
from the ovary the mature oocyte is called an ovule. |

In a female organism, infertility can in particular be tested by in vitro fertilization (IVF)
on an ovule. The ovule, and thus the female organism, is said to be infertile if it does not
undergo cell multiplication after the entry of the male gamete in the ovule under suitable
conditions.

The invention relates in particular to a method as defined above, wherein the
eukaryotic organism is a multicellular organism, in particular a plant, a fungus, or an animal,
such as a mammal, in particular a human.

The invention further relates to a method as defined above, wherein the presence of
Cdc6 protein is detected in oocytes prior to germinal vesicle breakdown.

The expression “germinal vesicle” refers to the nucleus of a non-mature oocyte.
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At a particular stage of oocyte meiotic maturation, pridr to metaphase I and after
prophase I, the nucleus is fragmented into vesicles, it is said to undergo germinal vesicle
breakdown (GVBD).

The expression “oocyteé prior to germinal vesicle breakdoWn” refers to oocytes which
have not yet been through the stage of germinal vesicle breakdown. .

Oocytes are said to not to have been through GVBD if a nucleus is visible by
microscopic observations for instance.

The presence of Cdc6 in oocytes prior to GVBD can be a cause of infertility. The
presence of Cdc6 enables oocytes to undertake DNA replication, which may cause unwanted
parthenogenetic development of the oocytes.

The invention also relates to the abovementioned method, wherein the absence of Cdc6
protein is detected in oocytes having undergone germinal vesicle breakdown, or in polar
globules derived from oocytes having undergone germinal vesicle breakdown, or in ovules.

During the first division of meiotic maturation a primary oocyte divides to yield a
secondary oocyte and a first polar body (or globule), each containing a set of duplicated
chromosomes. During the second division of meiotic maturation a secondary oocyte divides
to yield a mature oocyte and a second polar body (or globule), each containing a set of
unduplicated chromosomes; Upon fertilization of the mature oocyte the first polar body
duplicates.

The expression “polar globules derived from” refers to the first polar globules,
duplicated or not, or to the second polar globule, which are yielded in the course of oocyte
maturation.

The expression “having undergone germinall’ vesicle breakdown” refers fo oocytes in
which germinal vesicle breakdown has occurred.

Oocytes are said to have been through GVBD if no nucleus is visible by microscopic
observations for instance.

The absence of Cdc6 in oocytes having undergone GVBD can be a cause of infertility.
The absence of Cdc6 impairs the replication of DNA, and thus impairs embryogenic
development.

According to another embodiment the present invention relates to a method as defined
above, wherein the presence of Cdc6 protein is detected in oocytes prior to germinal vesicule

breakdown, comprising a step of detection of the Cdc6 protein with an anti-Cdc6é protein

polyclonal or monoclonal antibody.
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Anti-Cdc6 protein antibodies can be obtained by methods well known to the man skilled

in the art, in particular monoclonal antibodies can be obtained according to Kshler & Milstein

' Nature (1975) 256:495-497.

Detection of the Cdc6é protein with an antibody can be achieved with several
immunological methods well known to the man skilled in the art, such as Western blotting,
immunocytochemistry, enzyme linked immnuoassay, immunofluorescence or mass
spectrometry after proteolytic digestion.

The present invention also relates to a method as defined above, wherein the absence of
Cdc6 protein is detected in oocytes having undergone germinal vesicle breakdown, or in polar
globules derived from oocytes having undergone germinal vesicle breakdown, or in ovules,
comprising a step of detection of the Cdc6 protein with an anti-Cdc6 protein polyclonal or
monoclonal antibody.

The presence or the absence of the Cdc6 protein can be detected in oocytes prior to
GVBD, having undergone GVBD, or in ovules, with methods well known to thé man skilled
in the art. Those methods comprise in particular Western blotting, immunocytochemistry,
enzyme linked immnuoassay, immunofluorescence or mass spectrometry. )

The present invention further relates to a method as defined above, comprising the
following steps:

- sampling a polar globule from an egg, fertilized or not;

- contacting the sampled polar globule or extracts thereof with an anti-Cdc6
polyclonal or monoclonal antibody, |

- detecting the presence or the absence of complexes between the Cdc6 protein
and the anti-Cdc6 polyclonal or monoclonal antibody.

- Advantageously, the sampling can be performed during an in vitro fecundation (IVF)
procedure of an ovule by spermatozoids, or during intracytopiasmic sperm -injection
procedure (ICSI) into an ovule, before or after contacting sperm and the ovule.

Detection of the Cdc6 protein can be carried out in particular with the IDAT method.
The expression IDAT refers to Immuno-Detection Amplified by T7 DNA polymerase, it is in
particular described in Zhang et al., Proc. Natl. Acad. Sci. USA (2001) 98:5497-502.

According to another embodiment the present invention relates to a kit for carrying out
the above mentioned process, comprising an anti-Cdc6 polyclonal or monoclonal antibody,
optionally a medium in which the sampled pblar globule is extracted for protein preparation, a

medium in which the sampled polar globule, or the protein preparation extracted from said
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polar globule, is contacted with said antibody, a reagent to detect the complex formed
between Cdc6 and said antibody, and a control medium containing the Cdcé6 protein.

Advantageously the antibody can be labelled, for instance with a fluorescent label, a
radioelement, or an enzyme. Alternatively, the protein preparation can be labelled by
fluorescent dyes such as Cy5™ or Cy3™ dyes (Research Organics, Cleveland, USA)

The present invention also relates to a pharmaceutical composition comprising as active
substance a protein comprising or consisting of the Cdc6 protein or a part thereof, or a nucleic
acid comprising or consisting of a nucleic acid encoding the Cdc6 protein or a part thereof, in
association with a pharmaceutically acceptable carrier.

Pharmaceutically acceptable carriers notably comprise liposomes or Chariot™ carriers
(Active Motif, Carlsbad, USA) for instance. |

Advantageously the pharmaceutical composition comprises the Cdc6 protein as active
substance.

The invention relates in particular to a pharmaceutical composition as defined above,
wherein the nucleic acid is a RNA, in particular a polyadenylated RNA.

The expression “polyadenylated RNA” refers to a RNA which carries a 3’
polyadenosine tail.

The invention more particularly relates to a pharmaceutical composition as defined
above, wherein the Cdc6 protein comprises a sequence corfesponding to the human Cdc6
protein sequence,‘ said sequence corresponding in particular to SEQ ID NO: 2, or wherein the
nucleic acid encoding the Cdc6 protein comprises a sequence corresponding to the human
Cdc6 nucleic acid sequence, said sequence corresponding in particular to SEQ ID NO: 1.

The expression human Cdc6 refers to a Cdc6 protein or a Cdc6 encoding nucleic acid,
the sequences of which are identical to the sequences of Cdc6 }prc‘lpteins or Cdc6 encoding
nucleic acids which can be found in natural human cells.

Human Cdc6 is in particular described in Williams et al., Proc. Natl. Acad. Sci. U.S.A.
(1997) 94:142-147.

According to another embodiment the present invention relates to the use of a protein
comprising or consisting of the Cdc6 protein or a part thereof, or of a nucleic acid comprising
or consisting of a nucleic acid encoding the Cdc6 protein or a part thereof, for the
manufacture of a medicament for the treatment of infertilities.

The Cdc6 protein or a nucleic acid encoding said protein, can be administered to an

unfertile ovocyte or ovule.
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According to a preferred embodiment the delivery of the Cdc6 protein or the Cdc6
mRNA is carried out by cell microinjection.

According to another preferred embodiment in the case of ICSI, sperm injection into the
ovule is accompanied by Cdc6 protein or Cdc6 protein encoding nucleic acid administration,
in particular injection, into the ovule.

The invention relates in particular to the use as defined above, wherein the nucleic acid
is a RNA, in particular a polyadenylated RNA.

The invention further relates to the use as defined above, wherein the Cdc6 protein
comprises a sequence corresponding to the human Cdc6 protein sequence, said sequence
corresponding in particular to SEQ ID NO: 2, or wherein the nucleic acid encoding the Cdc6
protein comprises a sequence corresponding to the human Cdc6 nucleic acid sequence, said
sequence corresponding in particular to SEQ ID NO: 1.

According to another embodiment the present invention relates to the use of a
compound inhibiting Cdc6 protein activity, such as a pharmacological compound, an
antisense polynucleotide directed against the mRNA encoding the Cdc6 protein, a siRNA
inhibiting Cdc6 protein expression, an anti-Cdc6 protein antibody or fragments thereof, such
as a Fab fragment or a scFv fragment, for the manufacture of 2 contraceptive.

The expression “antisense polynucleotide” refers to a polynucleotide the sequence of
which is essentially complementary to a target sequence, said target sequence being in
particular located within the sequence of Cdc6 mRNA

The expression “siRNA” relates to a double stranded RNA which can silence the
expression of specific genes, advantageously the sequence of said siRNA comprises or
consists of at least a part of a sequence of a nucleic acid encoding the Cdc6 protein.

' The expression “Fab fragment” relates to antibody fragmenté which can be obtained by
papaine digestion of antibodies. |

The expression “scFv fragment” refers to a single chain Fv fragment, it is usually
recombinant.

The expression “contraceptive” refers to a compound which blocks sexual reproduction.

The invention more particularly relates to the use as defined above, wherein the Cdc6
protein corresponds to a human Cdc6 protein.

The present invention also relates to a phytosanitary composition comprising as active
substance a protein comprising or consisting of the Cdc6 protein or a part thereof, or a nucleic
acid comprising or consisting of a nucleic acid encoding the Cdc6 protein or a part thereof, or

a compound inhibiting Cdc6 activity, such as an antisense nucleotide directed against the
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" mRNA encoding the Cdcé6 protein, a siRNA inhibiting Cdc6 protéin expression, an anti-Cdc6

protein antibody or fragments thereof, such as a Fab fragment or a scFv fragment.

The expression” “phytosanitary” composition relates to a composition useful for the
treatment of plants.

The invention relates in particular to the above defined phytosanitary composition,
wherein the Cdc6 protein corresponds to a plant Cdc6 protein.

The expression “plant Cdc6” refers to a Cdc6 protein or a Cdc6é encoding nucleic acid,
the sequences of which are identical to the sequences of Cdc6 proteins or Cdc6 encoding
nucleic acids which can be found in natural plant cells

According to another embodiment the present invention relates to the use of a protein
comprising or consisting of the Cdc6 protein or a part thereof, or of a nucleic acid comprising
or consisting of a nucleic acid encoding the Cdc6 protein or a part thereof, or of a compound
inhibiting Cdc6 protein activity, such as an antisense polynucleotide directed against the
mRNA encoding the Cdc6 protein, a siRNA inhibiting Cdc6 protein expression, an anti-Cdc6
protein antibody or fragments thereof, such as a Fab fragment or a scFv fragment, for the
treatment of a plant or parts thereof, or for the inhibition of plant reproduction.

The invention relates in particular to the above defined use of a protein comprising or
consisting of the Cdc6 protein or a part thereof; or a nucleic acid comprising or consisting of a
nucleic acid encoding the Cdc6 protein or a parf thereof, for the treatment of plant infertility.

The invention more particularly relates to the above' defined use of a compound

- Inhibiting Cdc6 protein activity, such as an antisense polynucleotide directed against the

mRNA encoding the Cdc6 protein, a siRNA inhibiting Cdc6 protein expression, an anti-Cdc6
protein antibody or fragments thereof, such as a Fab fragment or a scFv fragment, as an
herbicide. |

The expression “herbicide” relates to a compound which inhibits plant growth and/or
reproduction, in particular sexual reproduction.

The invention further relates to the use as defined above, wherein the Cdc6 protein

corresponds to a plant Cdc6 protein.

DESCRIPTION OF THE FIGURES

Figure 1

Figure 1 represents immunoblots, revealed with antibodies directed against Xenopus CDCS,

of a SDS-PAGE of total, cytoplasmic and germinal vesicle (GV) fractions of Xenopus
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oocytes, and of CSF (ie containing the cytostatic factor) and intérphasic extracts of Xenopus

eggs. The bands approximately migrating to 60 kD correspond to Cdc6.

Figure 2
Figure 2 represents the immunoblotting of a SDS-PAGE of extracts from Xenopus oocytes

derived from stage 6 oocytes induced to mature by progesterone (PG). GVBD occured 2 h 45
min after progesterone addition (GVBD). Extracts were collected 0, 1, 2, 3, 4.5, 6.5 or 7.5 .
hours after the addition of progesterone. Some oocytes were also treated with cycloheximide
either 30 min before GVBD (cyclo before GVBD), or 1 hour after GVBD (cyclo after
GVBD), and collected at the Metaphase I / Metaphase II transition (2h 30 min after GVBD).
The immunoblot was revealed with antibodies directed against CDC6, ORC2, MCM4,
MCM3 or CDCA45.

Figure 3
Figure 3 represents a Northern blot of extracts from Xenopus oocytes derived from stage 6

oocytes induced to mature by progesterone (PG) and revealed by a labelled anti-Cdc6 mRNA
probe. GVBD occured 2 h 45 min after progesterone addition (GVBD). Extracts were
collected 0, 1, 2, 3, 4.5, 6.5 or 7.5 hours after the addition of progesterone. Some oocytes were
also treated with cycloheximide either 30 min before GVBD (cyclo before GVBD), or 1 hour
after GVBD (cyclo after GVBD), and collected at the Metaphase I / Metaphase II transition
(2h 30 min after GVBD). Some oocytes were also treated with Actinomycin D.

Figure 4

Figure 4 represents the immunoblotting, revealed with antibodies directed against Xenopus
Cdc6, of a SDS-PAGE of extracts from stage 6 oocytes, or stage 6 'oocytes injected with 50
ng of 25-mer sense Cdc6 oligonucleotide, 50 ng of 25-mer antisense Cdc6 oligonucleotide, or
or water (mock), and induced to mature by PG. Matured oocytes were collected 12 hours after

PG stimulation

Figure 5A, Figure 5B and Figure SC

Figure SA represents the DNA synthesis. ability, analyzed by agarose gel electrophoresis, of
Xenopus oocytes injected with 25 nl of a 2 mg/ml solution of purified Cdc6 sense
oligonucleotides (lane 1), the corresponding antisense oligonucleotides (lanes 2, 3), or water

(lane 4) and induced to mature. Rescue experiments were assayed by a second injection
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« performed soon after GVBD that contained 0.25 pCi ®32-PdCTP (lanes 1-4) and either

boiled-inactivated (lane 2) or intact purified Cdc6 (lane 3). The arrow on the left marks the

migration of the bands corresponding to the newly synthesized DNA.

Figure 5B represents the DNA synthesis ability, analyzed by agarose gel electrophoresis, of
Xenopus oocytes injected with water (lane 1), antisense oligonucleotides (lanes 2, 3) or sense
oligonucleotides (lane 4) and fully matured during twelve hours. DNA replication was
analyzed by injection of 0.25 pCi a32P-dCTP in absence (lanes 1, 2, 4) or presence of
recombinant Cdc6 protein (lane 3). The arrow on the left marks the migration of the bands

correspoﬁding to the newly synthesized DNA.

Figure 5C represents the DNA synthesis ability analyzed by agarose gel electrophoresis of
Xenopus oocytes induced to mature and treated with 250 pg/ml cycloheximide added 30 min
before GVBD (lane 2) or 1 hour after GVBD (lane 4). Maturing oocytes were injected soon
after GVBD with 0.25 uCi of «32P-dCTP without (lanes 1, 4) or with active (lane 2) or
inactivated (lane 3) recombinant Cdc6 protein. The arrow on the left marks the migration of

the bands corresponding to the newly synthesized DNA

Figure 6A, Figure 6B and Figure 6C
Figure 6A represents the DNA' synthesis ability analyzed by agarose gel electrophoresis of

stage 6 Xenopus oocytes induced to mature by PG, either non treated (-cyclo) or treated with
250 pg/ml cycloheximide 30 min before GVBD (cyclo —30 min), or 1 hour after GVBD
(cyclo +1h). Oocytes extracts were collected at the metaphasel/metaphasell (MI/MII)
tranéition (2 hrs 30 min after GVBD). Matured oocytes were also:collected 12 h after PG
addition. Sperm nuclei were added to the extracts and DNA synthesis was followed by

agarose gel electrophoresis, after 2 hours.

Figure 6B represents the percentage of DNA replication after 2 hours (vertical axis) for a
metaphase I/II extract from maturing oocytes either treated by:
- cycloheximide before GVBD, and water (mock), Cdc6 protein (+ CDC6) or Cdc6
protein and aphidicolin (+ CDC6 Aphi), or
- cycloheximide after GVBD and water (mock) or aphidicolin (+ Aphi).
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Figure 6C represents the percentage of DNA replication after 2 hours (vertical axis) for:
- a GVBD extract trated by water (mock), Cdc6 protein (+ CDC6) or Cdc6 protein and
aphidicolin (+ CDC6 Aphi), or
- a metaphase VI extracts treated by water (mock) or aphidicolin (+ Aphi).

Figure 7
Figure 7 represents an immunoblot of a SDS-PAGE of extracts from Xenopus or mouse

oocytes in prophase I, metaphase I or metaphase II. The immunoblot was revealed with

antibodies directed against Xenopus CDC6 and MCM2, or mouse CDC6 and MCM2.

Figure 8
Figure 8 represents an immunoblot of a SDS-PAGE of extracts from virgin female

Drosophila melanogaster at stage 14 (lane 1), or activated oocytes (lane 2). The immunoblot
was revealed with antibodies directed against Cdc6 (DmCDC6), MCM2 (DmMCM2), and
tubulin (DmTub).
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EXAMPLES

Example 1
Cdc6 confers competence to replicate in the unfertilized egg of Xenopus laevis

A. Materials and methods

1. Fractionation of oocytes

Defolliculated oocytes were prepared as described in Menu et al. in Advances in
Molecular Biology (1999) Oxford University Press, Ed. J.D. Richter. Cytoplasmic and
germinal vesicle fractions were obtained after manual enucleation either from intact oocytes
or oocytes fixed by 2 % TCA to prevent possible leaks from the nucleus. Protein extracts
were obtained by grinding oocytes in 100 mM KCl, 5 mM MgCl,, 0.1 mM CaCl,, 10 mM
K/Hepes pH 7.7, 50 mM sucrose, 5 pg/ml leupeptin, 5 pg/ml pepstatin, 5 pg/ml aprotinin, 0.5
mM EGTA, 0.3 % X100 Triton, centriﬁlged 5 min at 8 000 g, and further analyzed by SDS-
PAGE.

2. Oocvtes extracts

Low Speed Extracts of maturing oocytes were performed at GVBD (germinal vesicle
breakdown) (GVBD extract) or between MI/MII, 2h30 after GVBD (MI/MII extract). GVBD,
judged by the appearance of a white spot at the animal pole, started at 2 hrs 45 — 3 hrs 30 min.
Maturing oocytes extracts were performed as for egg extracts in eppendorf tubes (Menu et al.
in Advances in Molecular Biology (1999) Oxford University Press, Ed. J.D. Richter). After
removing the excess buffer, oocytes were centrifuged at 8000 g, 5 min at 4°C, and then 12000
g, 2 min at 4°C. The upper phase was collected and centrifuged again at 12000 g for 2 min at
4°C. Extracts were collected and supplemented with energy mix (Mienu et al. in Advances in

Molecular Biology (1999) Oxford University Press, Ed. J.D. Richter).

3. DNA replication assays

Oocytes were injected with 25 nl of 5 mCi/ml 32P-dCTP, collected 5 hours after
GVBD, and subjected to DNA extraction. Samples with equal numbers of total counts were
analyzed by 0.8 % agarose gel electrophoresis. DNA replication assays were also performed
by quantification of a32P-dCTP incorporation in sperm nuclei used at 1000 nuclei/ul of
extract. Analysis was both done by TCA precipitation and migration on 0.8 % Agarose (Menu
et al. in Advances in Molecular Biology (1999) Oxford University Press, Ed. J.D. Richter).



10

15

20

25

30

WO 2004/019042 PCT/EP2003/007631

i)uriﬁed protein was added at 15 ng/pl of extract to rescue DNA replication activity.
Interphasic extract (Int) and CSF extract (ie extracts containing the mitotic cytostatic factor)
were prepared as described in Menu et al. in Advances in Molecular Biology (1999) Oxford
University Press, Ed. J.D. Richter and Lemaitre et al., J. Cell Biol. (1998) 142:1159-1166.

4. Northern blot analysis

Total oocyte RNA was extracted using a LiCl method (Taylor et al., EMBO J. (1986)
5:3563-3570). 10 pg of total RNA was submitted to electrophoresis in 1 % formaldehyde

agarose gel and transferred to Amersham Hybond N+ membrane.

5. Intracellular injections of nucleotides and proteins

Stage 6 oocytes were injected with 25 nl of a 2 mg/ml solution of purified Cdc6 25
mers sense oligonucleotide (5’-TCCCCACCCAAGCAGTCTCGCAAAG-3’) (SEQ ID NO:
3) or 25 mers of the corresponding antisense (5’-CTTTGCGAGACTGCTTGGGTGGGGA-
3’) (SEQ ID NO: 4) oligonucleotide, and induced to mature by addition of progesterone.
Control oocytes were injected in parallel with water. For rescue experiments a 25 nl second
injection containing 5 mCi/ml dCTP and 300 pg/ml purified Cdc6 protein was injected after
GVBD or in 12 hours-matured oocyte. Maturation was followed by appearance of a clear
white spot at the animal hemisphere as well as manual dissection to check for germinal

vesicle breakdown.

6. Cdc6 protein and antibodies

Xenopus His6-Cdc6 protein was purified from recombinant baculovirus-infected insect
cells. Its activity was monitored by depletion-rescue experimenté as follows: 50 pl of low
speed interphasic extract was depleted with Cdc6 specific polyclohal antibody, or mock-
depleted with preimmune serum IgG, as previously described (Maiorano et al., Nature (2000)
404:622-625). Cdc6 purified protein was added to the depleted extract and DNA replication
was then measured. The rabbit polyclonal anti-Cdc6 antibodies were obtained by 4 injections

of Cdc6 protein.
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B. Results
1. Detection of the Cdc6 protein

The analysis of replication initiation factors present in the oocyte revealed that Cdc6, a
critical factor involved in the assembly of the MCM helicase complex at DNA replication
origins (Kelly et al., Annu. Rev. Biochem. (2000) 69:829-880 ; Lei & Tye, J. Cell Sci. (2001)
114:1447-1454), was undetectable in fully grown oocytes but present in mature oocytés or in
activated eggs (Figure 1). This was in contrast to other initiation proteins analyzed that were
present in the oocyte, either nearly exclusively in the nucleus (MCM subunits, RPA70,
RPA34), or also detected in the cytoplasm (geminin, cdtl, cdc7, ORC, cdc45). Cdc6é
electrophoretic migration shifts down in interphasic egg extract (Figure 1), in agreement with
previous observations (Coleman et al., Cell (1996) 87:53-63).

Although Cdc6 was absent in the oocyte, a relatively large amount of the protein was
detected in the unfertilized egg, 5 ng / unfertilized egg, an estimate comparable with the 3 ng-
value previously reported (Coleman et al., Cell (1996) 87:53-63). As Cdc6 is an essential
factor for replication licensing, the Inventors asked at what point during maturation it was
accumulated. During maturation by progesterone (Figure 2), the Cdc6 protein becomes
detectable soon after germinal vesicle breakdown (GVBD, e.g. 3 hrs after progesterone
addition), when MCM4 is phosphorylated by MPF (Coué et al., EMBO J. (1996) 15:1085-
1097 ; Pereverzeva et al., Mol. Cell Biol. (2000) 20:3667-3676). Inhibition of protein
synthesis by cycloheximide added before GVBD, but not 1 hr afterwards, results in the
absence of Cdc6 in the egg (Figure 2). These data show that Cdc6 protein is missing in the

oocyte and starts to accumulate during maturation.

2. Detection of Cdc6 mRNA
Although Cdc6 protein is absent in oocytes, Northern blots show that Cdc6 mRNA

was already stored as a maternal mRNA during oogenesis (Figure 3). In addition, a shift in
electrophoretic mobility of the Cdc6 mRNA was detected soon after GVBD, consistent with a
polyadenylation process during maturation (Figure 3). This shift is still detected if
cycloheximide is added 1 hour after GVBD, but is extremely reduced if cycloheximide is

added 30 min before GVBD, consistent with the respective absence and presence of Cdc6

'protein in maturing oocyte (Figure 2). Actinomycin D, which prevents DNA synthesis,

present during maturation did not inhibit this shift (Figure 3), suggesting that Cdc6 synthesis
was regulated at the translational level, by polyadenylation of a maternal Cdc6 mRNA pool.
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3. Cdc6 synthesis inhibition by injection of antisense oligonucleotides

In addition, Cdc6 protein accumulation in the egg is blocked by injection of antisense

cde6 oligonucleotides in the oocyte, before maturation, in contrast to oocytes injected with the

_corresponding sense oligonucleotides (Figure 4). These results suggest that synthesis of Cdc6

protein during oocyte maturation relies on translational control of Cdc6 mRNA stored in the

oocyte.

4. Injection of recombinant Cdcé6 in the egg

To address if Cdc6 was the missing replication factor, sufficient to confer the
competence for DNA replication to ‘the egg, the hypothesis according to which recombinant
Cdc6 was sufficient to provide this competence, was tested. A recombinant Cdc6 produced
from baculovirus-infected cells was purified and was shown to be active in rescuing DNA
replication in Xenopus egg extracts that were Cdc6-depleted using a purified specific
polyclonal Cdc6 antibody (see Materials and Methods section). The purified recombinant

protein was also used in the in vivo rescue experiments described below.

5. Inhibition of replication by injection of antisense oligonucleotides and rescue by

Cdc6 injection

The activity of the missing DNA synthesis inducer that is synthetized during
maturation is normally repressed by MPF to prevent DNA replication between
meiosisI/meiosisll (Furuno et al., EMBO J. (1994) 13:2399-2410). Addition of cycloheximide
1 hour after GVBD prevents reaccumulation of MPF and consequently induces unscheduled
DNA replication between meiosisI/meiosisll (Furuno ef al.; EMBO J. (1994) 13:2399-2410).
To address if this induced ability to replicate required Cdcé synthesis during maturation, the
prevention of unscheduled replication by Cdc6-mRNA depletion d‘sing a Cdc>6 antisense
oligonucleotide was first tested. Figure 5A shows that addition of cycloheximide one hour
after GVBD induces DNA replication between meiosisl/meiosisll, as reported (Furuno et al.,
EMBO J. (1994) 13:2399-2410), but this induction is inhibited by Cdc6 antisense
oligonucleotides. In addition, injection of recombinant Cdc6 (Figure SA) rescues induction of
unscheduled replication. 4

The inventors further asked if Cdc6 was sufficient to give competence to replicate in-
vivo to the matured oocyte. In vivo, after maturation, parthenogenetic activation triggered by a
micropipette injection of water for instance induces DNA replication (Gurdon et al., Proc.

Natl. Acad. Sci. U.S.A. (1967) 58:545-552 ; Hara et al., Proc. Natl. Acad. Sci. U.S.A. (1980)



10

15

20

30

WO 2004/019042 PCT/EP2003/007631

7‘7:462-466 ; Harland & Laskey, Cell (1980) 21:761-771) as shown in Figure 5B (lane 1).

Injection of Cdc6 antisense oligonucleotides in the oocyte before maturation inhibits DNA

replication (Figure SB, lane 2), but microinjection of Cdc6 protein after maturation is

sufficient to rescue DNA replication (lane 3) with an efficiency similar to control oocytes
treated with sense oligonucleotides (Figure 5B, lane 4). }

The inventors concluded that Cdc6 is the missing factor synthesized during oocyte
maturation sufficient to give (i) replication-induced ability between meiosisI/meiosisll, and
(i1), competence to replicate in the unfertilized egg.

Previous work has shown that maturing oocytes can replicate DNA after meiosis I by
cycloheximide treatment 60 min after GVBD, but not 30 min before GVBD (Furuno et al.,
EMBO J. (1994) 13:2399-2410). These findings were reproduced by the Inventors,
confirming that competence for DNA replication in vivo is acquired shortly after GVBD, and
is dependent on translation (Figure SC, compare lane 1 and 4). In addition, the Inventors have
shown show that microinjectibn of Cdc6 after translation inhibition 30 min before GVBD is
sufficient to rescue induced-replication ability between meiosis I and meiosis II (Figure 5C,
lanes 1, 2, 3).

6. In vitro observations

This set of in vivo observations could be reproduced in vitro, in oocyte extracts
prepared between meiosisl/meiosisll (Blon et al., Cell (1986) 47:577-587 ; Menu et al. in
Advances in Molecular Biology (1999) Oxford University Press, Ed. J.D. Richter, and
Methods). Oocytes were matured in vitro and cycloheximide was added 30 min before or 60
min after GVBD. Extracts were made 2 hrs 30 min post-GVBD, to which sperm nuclei were
added to follow DNA replication ability. If cycloheximide is added 60 min after GVBD, DNA
replication occurs, as expected (Figure 6A and 6B), in a reaction entirely aphidicolin-
sensitive (Figure 6B). If cycloheximide is added 30 min before GVBD, Cdcé6 is not translated
(Figure 2B), and extracts are incompetent to replicate (Figure 6A and 6B). However,

addition of recombinant Cdc6 to the extract is sufficient to rescue replication, in an

aphidicolin-sensitive reaction (Figure 6B). Moreover, the simple addition of recombinant
Cdcb to oocyte extracts made at GVBD is sufficient to confer DNA replication competence,
with an efficiency close to that obtained in egg extracts (Figure 6C). These results further
demonstrate that Cdc6 is the missing DNA replication factor starting to be translated at
GVBD, necessary and sufficient to confer to the egg the ability to replicate embryonic DNA
after fertilization, when the activity MPF is suppressed.
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Example 2

CDC6 confers competence to replicate in the unfertilized egg of Drosophila melanogaster

Of the established model organisms, Drosophila melanogaster provides a particularly
potent system to study whether in invertebrate organism Cdc6 appears during meiosis to give
the competence to replicate DNA to the egg. Like many other animals, female D.
melanogaster generate oocytes but store them, arrested and unactivated, in the ovary. After a
period of growth, Drosophila oocytes arrest in metaphase of meiosis I, with egg coverings (a
vitelline envelope and chorion). Ovulation releases these mature eggs from the ovary and
triggers the process known as activation.

Although D. melanogaster mature virgin females spontaneously ovulate at a very low
rate (~1 egg/day), nutritional supplementation causes increased germ cell proliferation
fesulting in increased ovulation rates (Drummond-Barbosa and Spradling, Dev. Biol. (2001)
231:265-278).

The Inventors have compared activated eggs laid by a virgin female with stage 14
oocytes blocked at Metaphase I, collected directly from the ovaries. Both were treated to
remove the vitelline envelope and chorion. The activation of the oocytes triggers the synthesis
of Cdc6 that was absent from the stage 14 (metaphase I oocyte), while MCM2 was already
present at stage 14 (Figure 8). Despite several differences in egg formation D. melanogaster
accumulates Cdc6 betwen metaphase I and metaphase 11, before fertilisation. Moreover, Cdc6
immunostaining during oocyte growth revealed a positive signal in the cytoplasm of nurse
cells and cells covering the oocyte, while MCM2 was mostly nuclear, consistent with cell
cycle regulation of Cdc6 function. Thus, in the invertebrate D. melanogaster, like in the
vertebrate X. laevis, Cdc6 is absent from prophase I oocyte and translated between Metaphase

I and Metaphase IT to give to the egg the competence to replicate before fertilisation.

Example 3

CDC6 confers competence to replicate in the unfertilized egg of Mus musculus

Oocyte extracts were prepared as described above and analyzed by SDS-PAGE.
Immunoblots were revealed with antibodies directed against Xenopus laevis Cdc6 and
MCM2, as well as mouse Cdc6 and MCM2. Prophase I oocytes were induced to mature by

addition of progesterone (PG). Extracts from 5 X. laevis maturing oocytes or 85 mice oocytes
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were separated by SDS PAGE and examined by immunoblotting. The results are shown in
Figure 7. Mous;: Cdc6 is absent from prophase I oocyte and translated between Metaphase I
and Metaphase II, which is compatible with its ability to confer competence to replicate to the
egg before fertilization.

Thus mammalian Cdc6 appears to be a potent target for the development of new
contraceptives. Besides,' its essential role in the acquisition of the competence to replicate in
the egg strongly suggests that it might be involved in several infertilities, which could be

overcome by providing Cdc6 protein or Cdc6 mRNA to infertile eggs or oocytes.

Example 4
Detection of the presence or the absence of the CDC6 protein by immunocytochemistry

methods

The following method is used for the detection of the Cdc6 protein, in particular for
the detection of the human Cdc6 protein in germinal cells, ovocytes, ovules or polar bodies:

1) Ovulated oocytes or oocyte or polar bodies, for instance obtained before or after “in
vitro fertilization” (IVF) or “intracytoplasmic sperm injection” (ICSI), are transferred
to a sterile watch gfass containing fixation buffer (20 mM Pipes, ImM MgCl,, 0.5 mM
EGTA, 1 mM DTT, 1 uM Téxol, 0.1 % X100 triton, 2 % Formaldehyde) at 37°C for
30 minutes.

2) Transfer oocytes for three washes in 0.1 % Normal Goat Serum in PBS at 37°C for 5
minutes each.

3) Tranfer oocytes to 10% Normal Goat Serum for one hour (Oocytes can be stored in
10% Normal Goat Serum at 4)C prior to immunostaining).

4) Tranfer oocytes to anti-Cdc6 antibody diluted in 5% Normal goat serum and place .
them at 37°C for 1 hour.

5) Transfer oocytes through 3 washes of 10 % Normal Goat Serum for 5 minutes each.

6) Transfer oocytes to appropriate secondary antibody FITC-conjugated and place them
at 37°C for 1 hour.

7) Transfer oocytes through three washes in 10 % Normal Goat Serum for 5 minutes
each. |

8) Transfer oocytes to Hoescht 33258 500ng/ml in PBS for 2 minutes to stain DNA.

9) Tranfer on a microscope slide and add a drop of mounting medium and cover with a

glass coverslip.
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10) The oocyte can be observed under a fluorescence microscope for Cdc6

immunostaining. A negative signal is indicative of an unfertilizable ovulated oocyte.

The detection of the presence or the absence of Cdc6 detected by this method provides

the basis for an in vitro diagnostic method of infertilities linked to a deficiency in active
Cdcé. |
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CLAIMS

A method for the in vitro diagnostic of infertility of a eukaryotic organism,
comprising the detection of the presence or the absence of Cdc6 protein or of
Cdc6 mRNA in germinal cells of said eukaryotic organism, at a given

maturation stage of said germinal cells.

A method according to claim 1, wherein the eukaryotic organism is a
multicellular ofganism, in particular a plant, a fungus, or an animal, such as a

mammal, in particular a human.

A method according to claim 1 or 2, wherein the presence of Cdc6 protein is

detected in oocytes prior to germinal vesicle breakdown.

A method according to claim 1 or 2, wherein the absence of Cdc6 protein is
detected in oocytes having undergone germinal vesicle breakdown, or in polar

globules derived from oocytes having undergone germinal vesicle breakdown, or

in ovules.

A method according to the method of claim 3, comprising a step of detection of

the Cdc6 protein with an anti-Cdc6 protein polyclonal or monoclonal antibody.

A method according to the method of claim 4, comprising a step of detection of

the Cdc6 protein with an anti-Cdc6 protein polyclonal or monoclonal antibody.

A method according to claim 6, comprising the following steps:

- sampling a polar globule from an egg, fertilized or not;

- contacting the sampled polar globule or extracts thereof with an anti-Cdc6
polyclonal or monoclonal antibody,

- detecting the presence or the absence of complexes between the Cdc6 protein

and the anti-Cdc6 polyclonal or monoclonal antibody.

A kit for caﬁying out the process of claim 7, comprising an anti-Cdc6 polyclonal

or monoclonal antibody, optionally a medium in which the sampled polar
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10.

11.

12.

13.

14.

globule is extracted for protein preparation, a medium in which the sampled
polar globule, or the protein preparation extracted from said polar globule, is
contacted with said antibody, a reagent to detect the complex formed between

Cdc6 and said antibody, and a control medium containing the Cdcé protein.

A pharmaceutical composition comprising as active substance a protein
comprising or consisting of the Cdc6 protein or a part thereof, or a nucleic acid
comprising or consisting of a nucleic acid encoding the Cdc6 protein or a part

thereof, in association with a pharmaceutically acceptable carrier.

A pharmaceutical composition according to claim 9, wherein the nucleic acid is

a RNA, in particular a polyadenylated RNA.

A pharmaceutical composition according to claim 9 or 10, wherein the Cdc6
protein comprises a sequence corresponding to the human Cdc6 protein
sequence, said sequence corresponding in particular to SEQ ID NO: 2, or
wherein the nucleic acid encoding the Cdc6 protein comprises a sequence
corresponding to the human Cdc6 nucleic acid sequence, said sequence

corresponding in particular to SEQ ID NO: 1.

The use of a protein comprising or consisting of the Cdc6 protein or a part
thereof, or of a nucleic acid comprising or consisting of a nucleic acid encoding
the Cdc6 protein or a part thereof, for the manufacture of a medicament for the

treatment of infertilities.

The use according to claim 12, wherein the nucleic acid is a RNA, in particular a
polyadenylated RNA.

The use according to claim 12 or 13, wherein the Cdc6 protein comprises a
sequence corresponding to the human Cdc6 protein sequence, said sequence
corresponding in particular to SEQ ID NO: 2, or wherein the nucleic acid
encoding the Cdc6 protein comprises a sequence corresponding to the human
Cdc6 nucleic acid sequence, said sequence corresponding in particular to SEQ
ID NO: 1.
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15.

16.

17.

18.

19.

20.

The use of a compound inhibiting Cdc6 protein activity, such as a
pharmacological compound, an antisense polynucleotide directed against the
mRNA encoding the Cdc6 protein, a siRNA inhibiting Cdc6 protein expression,
an anti-Cdc6 protein antibody or fragments thereof, such as a Fab fragment or a

scFv fragment, for the manufacture of a contraceptive.

The use according to claim 15, wherein the Cdc6 protein corresponds to a

human Cdc6 protein.

A phytosanitary compoéition comprising as active substance a protein
comprising or consisting of the Cdc6 protein or a part thereof, or a nucleic acid
comprising or consisting of a nucleic acid encoding the Cdc6 protein or a part
thereof, or a compound inhibiting Cdc6 activity, such as an antisense nucleotide
directed against the mRNA encoding the Cdc6 protein, a siRNA inhibiting Cdc6
protein expression, an anti-Cdc6 protein antibody or fragments thereof, such as a

Fab fragment or a scFv fragment.

A phytosanitary compositiori according to claim 13, wherein the Cdc6 protein

corresponds to a plant Cdc6 protein.

The use of a protein comprising or consisting of the Cdc6 protein or a part
thereof, or of a nucleic acid compﬁsing or consisting of a nucleic acid éncoding
the Cdc6 protein or a part thereof, or of a compound inhibiting Cdcé protein
activity, such as an antisense polynucleotide direct!‘ed against the mRNA
encoding the Cdc6 protein, a siRNA inhibiting Cdc6 protein expression, an anti-
Cdc6 protein antibody or fragments thereof, such as a Fab fragment or a scFv
fragment, for the treatment of a plant or parts thereof, or for the inhibition of

plant reproduction.

The use according to claim 19, of a protein comprising or consisting of the Cdc6
protein or a part thereof, or a nucleic acid comprising or consisting of a nucleic
acid encoding the Cdc6 protein or a part thereof, for the treatment of plant
infertility.
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21. The use according to claim 19, of a compound inhibiting Cdc6 protein activity,
such as an antisense polynucleotide directed against the mRNA encoding the
Cdc6 protein, a siRNA inhibiting Cdc6 protein expression, an anti-Cdc6 protein

5 antibody or fragments thereof, such as a Fab fragment or a scFv fragment, as an
herbicide.

22. The use according to any of claims 19 to 21, wherein the Cdc6 protein
corresponds to a plant Cdc6 protein. .
10
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SEQUENCE LISTING
<110> CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE
<120> METHOD FOR THE IN VITRO DIAGNOSTIC OF INFERTILITY
<130> WOB 02 CC CNR OVOC
<160> 4

<170> PatentIn version 3.1

<210> 1
<211l> 1683
<212> DNA

<213> Homo sapiens

<220>

<221> CDS

<222> (1) ..(1683)
<223>

<400> 1

atg cct caa acc cga tcc cag gca cag gct aca atc agt ttt cca aaa 48
Met Pro Gln Thr Arg Ser Gln Ala Gln Ala Thr Ile Ser Phe Pro Lys

1 5 10 15

agg aag ctg tct cgg gca ttg aac aaa gct aaa aac tcc agt gat gcc 96
Arg Lys Leu Ser Arg Ala Leu Asn Lys Ala Lys Asn Ser Ser Asp Ala
20 25 : 30

aaa cta gaa cca aca aat gtc caa acc gta acc tgt tect cct cgt gta 144
Lys Leu Glu Pro Thr Asn Val Gln Thr Val Thr Cys Ser Pro Arg Val
35 40 45

aaa gcc ctg cct ctc agc ccc agg aaa cgt ctg ggc gat gac aac cta 192
Lys Ala Leu Pro Leu Ser Pro Arg Lys Arg Leu Gly Asp Asp Asn Leu
50 55 60

tgc aac act ccc cat tta cct cct tgt tct cca cca aag caa ggc aag 240
Cys Asn Thr Pro His Leu Pro Pro Cys Seér Pro Pro Lys Gln Gly Lys
65 70 75 80

aaa gag aat ggt ccc cct cac tca cat aca ctt aag gga cga aga ttg 288
Lys Glu Asn Gly Pro Pro His Ser His Thr Leu Lys Gly Arg Arg Leu
85 90 95

gta ttt gac aat cag ctg aca att aag tct cct agc aaa aga gaa cta 336
Val Phe Asp Asn Gln Leu Thr Ile Lys Ser Pro Ser Lys Arg Glu Leu
100 105 110

gcc aaa gtt cac caa aac aaa ata ctt tct tca gtt aga aaa agt caa 384
Ala Lys Val His Gln Asn Lys Ile Leu Ser Ser Val Arg Lys Ser Gln
115 120 125

gag atc aca aca aat tct gag cag aga tgt cca ctg aag aaa gaa tct 432
Glu Ile Thr Thr Asn Ser Glu Gln Arg Cys Pro Leu Lys Lys Glu Ser
130 135 140

gca tgt gtg aga cta ttc aag caa gaa ggc act tgc tac cag caa gca 480
Ala Cys Val Arg Leu Phe Lys Gln Glu Gly Thr Cys Tyr Gln Gln Ala
145 150 155 160

aag ctg gtc ctg aac aca gct gtc cca gat cgg ctg cct gecc agg gaa 528
Lys Leu Val Leu Asn Thr Ala Val Pro Asp Arg Leu Pro Ala Arg Glu
165 170 175
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agg gag atg gat gtc atc agg aat ttc ttg agg gaa cac atc tgt ggg 576
Arg Glu Met Asp Val Ile Arg Asn Phe Leu Arg Glu His Ile Cys Gly
' 180 185 190

aaa aaa gct gga agc ctt tac ctt tct ggt gct cct gga act gga aaa 624
Lys Lys Ala Gly Ser Leu Tyr Leu Ser Gly Ala Pro Gly Thr Gly Lys
195 200 . 205

act gcc tge tta agc cgg att ctg caa gac ctc'aag aag gaa ctg aaa 672
Thr Ala Cys Leu Ser Arg Ile Leu Gln Asp Leu Lys Lys Glu Leu Lys
210 215 220

ggc ttt aaa act atc atg ctg aat tgc atg tce ttg agg act gcc cag 720
Gly Phe Lys Thr Ile Met Leu Asn Cys Met Ser Leu Arg Thr Ala Gln
225 230 235 240

gct gta ttc cca gct att gect cag gag att tgt cag gaa gag gta tcce 768
Ala Vval Phe Pro Ala Ile Ala Gln Glu Ile Cys Gln Glu Glu Val Ser
245 250 255

agg cca gct ggg aag gac atg atg agg aaa ttg gaa aaa cat atg act 816
Arg Pro Ala Gly Lys Asp Met Met Arg Lys Leu Glu Lys His Met Thr
260 265 270

gca gag aag -ggc ccc atg att gtg ttg gta ttg gac gag atg gat caa 864
Ala Glu Lys Gly Pro Met Ile Val Leu Val Leu Asp Glu Met Asp Gln
275 280 285

ctg gac agc aaa ggc cag gat gta ttg tac acg cta ttt gaa tgg cca 912
Leu Asp Ser Lys Gly Gln Asp Val Leu Tyr Thr Leu Phe Glu Trp Pro
- 290 295 300

tgg cta agc aat tect cac ttg gtg ctg att ggt att gct aat acc ctg 960
Trp Leu Ser Asn Ser His Leu Val Leu Ile Gly Ile Ala Asn Thr Leu
305 310 315 320

gat ctc aca gat aga att cta cct agg ctt caa gct aga gaa aaa tgt 1008
Asp Leu Thr Asp Arg Ile Leu Pro Arg Leu Gln Ala Arg Glu Lys Cys
325 330 335

aag cca cag ctg ttg aac ttc cca cct tat acc aga aat cag ata gtc 1056
Lys Pro Gln Leu Leu Asn Phe Pro Pro Tyr Thr Arg Asn Gln Ile Val
340 345 350

act att ttg caa gat cga ctt aat cag gta tct aga gat cag gtt ctg 1104
Thr Ile Leu Gln Asp Arg Leu Asn Gln Val Ser Arg Asp Gln Val Leu
355 360 365

gac aat gct gca gtt caa ttc tgt gcc cgc aaa gtc tct gect gtt tea 1152
Asp Asn Ala Ala Val Gln Phe Cys Ala Arg Lys Val Ser Ala Val Serxr
370 375 380

gga gat gtt cgc aaa gca ctg gat gtt tgc agg aga gct att gaa att 1200
Gly Asp Val Arg Lys Ala Leu Asp Val Cys Arg Arg Ala Ile Glu Ile
385 390 395 400

gta gag tca gat gtc aaa agc cag act att ctc aaa cca ctg tct gaa 1248
Val Glu Ser Asp Val Lys Ser Gln Thr Ile Leu Lys Pro Leu Ser Glu
405 410 415

tgt aaa tca cct tct gag cct ctg att ccec aag agg gtt ggt ctt att 1296
Cys Lys Ser Pro Ser Glu Pro Leu Ile Pro Lys Arg Val Gly Leu Ile
420 425 430 '

cac ata tcc caa gtc atc tca gaa gtt gat ggt aac agg atg acc ttg 1344
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"His Ile Ser Gln Val Ile Ser Glu Val Asp Gly Asn Arg Met Thr Leu
435 440 445

agc caa gaa gga gca caa gat tcc ttc cct ctt cag cag aag ate ttg 1392
Ser Gln Glu Gly Ala Gln Asp Ser Phe Pro Leu Gln Gln Lys Ile Leu
450 455 460

gtt tgc tct ttg atg ctc ttg atc agg cag ttg aaa atc aaa gag gtc 1440
Val Cys Ser Leu Met Leu Leu Ile Arg Gln Leu Lys Ile Lys Glu Val
465 470 475 480

act ctg ggg aag tta tat gaa gcc tac agt aaa gtc tgt cgc aaa cag 1488
Thr .Leu Gly Lys Leu Tyr Glu Ala Tyr Ser Lys Val Cys Arg Lys Gln
485 490 495

cag gtg gcg gct gtg gac cag tca gag tgt ttg tca ctt tca ggg cte 1536
Gln Vval Ala Ala Val Asp Gln Ser Glu Cys Leu Ser Leu Ser Gly Leu
500 505 . 510

ttg gaa gcc agg ggc att tta gga tta aag aga aac aag gaa acc cgt 1584
Leu Glu Ala Arg Gly Ile Leu Gly Leu Lys Arg Asn Lys Glu Thr Arg
515 520 525

ttg aca aag gtg ttt ttc aag att gaa gag aaa gaa ata gaa cat gct 1632
Leu Thr Lys Val Phe Phe Lys Ile Glu Glu Lys Glu Ile Glu His Ala
530 535 540

ctg aaa gat aaa gct tta att gga aat atc tta gct act gga ttg cct 1680
Leu Lys Asp Lys Ala Leu Ile Gly Asn Ile Leu Ala Thr Gly Leu Pro

545 550 555 560

taa 1683
<210> 2

<211l> 560

<212> PRT

<213> Homo sapiens

<400> 2

Met Pro Gln Thr Arg Ser Gln Ala Gln Ala Thr Ile Ser Phe Pro Lys

1 5 10 15

Arg Lys Leu Ser Arg Ala Leu Asn Lys Ala Lys Asn Ser Ser Asp Ala
' 20 25 30

Lys Leu Glu Pro Thr Asn Val Gln Thr Val Thr Cys Ser Pro Arg Val
35 40 45

Lys Ala Leu Pro Leu Ser Pro Arg Lys Arg Leu Gly Asp Asp Asn Leu
50 55 60

Cys Asn Thr Pro His Leu Pro Pro Cys Ser Pro Pro Lys Gln Gly Lys
65 70 75 80

Lys Glu Asn Gly Pro Pro His Ser His Thr Leu Lys Gly Arg Arg Leu
85 S0 95

Val Phe Asp Asn Gln Leu Thr Ile Lys Ser Pro Ser Lys Arg Glu Leu
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340

Gln

Gln

Asn

Leu

Asn

165

Val

Ser

Ser

Ile

Ala

245

Lys

Pro

Gly

Ser

Arg

325

Leu

Asp

Asn

Ser

Phe

150

Thr

Ile

Leu

Arg

Met

230

Ile

Asp

Met

Gln

His

310

Ile

Asn

Arxrg

Lys

Glu

135

Lys

Ala

Arg

Tyr

Ile

215

Leu

Ala

Met

Ile

Asp

295

Leu

Leu

Phe

Leu

Ile

120

Gln

Gln

Val

Asn

Leu

200

Leu

Asn

Gln

Met

Val

280

Val

Val

Pro

Pro

Asn
360

105

Leu
Arg
Glu
Pro
Phe
185
Ser
Gln
Cys
Glu
Arg
265
Leu
Leu
Leu
Arg
Pro

345

Gln

Ser

Cys

Gly

Asp

170

Leu

Gly

Asp

Met

Ile

250

Lys

Val

Tyr

Ile

Leu

330

Tyr

Val

ser
Pro
Thr
155
Arg
Arg
Ala
Leu
Ser

235

Cys

Leu

Leu

Thr

Gly

315

Gln

Thr

Ser

Val

Leu

140

Cys

Leu

Glu

Pro

Lys

220

Leu

Gln

Glu

Asp

Leu

300

Ile

Ala

Arg

Arg

Arg

125

Lys

Tyr

Pro

His

Gly

205

Lys

Arg

Glu

Lys

Glu

285

Phe

Ala

Arg

Asn

Asp
365

110

Lys

Lys

Gln

Ala

Ile

190

Thr

Glu

Thr

Glu

His

270

Met

Glu

Asn

Glu

Gln

350

Gln

Ser

Glu

Gln

Arg

175

Cys

Gly

Leu

Ala

Val

255

Met

Asp

Trp

Thr

Lys

335

Ile

Val
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Gln

Ser

Ala

160

Glu

Gly

Lys

Lys

Gln

240

Ser

Thr

Gln

Pro

Leu

320

cys

val

Leu
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Asp Asn Ala Ala Val Gln Phe Cys Ala Arg Lys Val Ser Ala Val Ser
370 375 380

Gly Asp Val Arg Lys Ala Leu Asp Val Cys Arg Arg Ala Ile Glu Ile
385 390 395 400

val Glu Ser Asp Val Lys Ser Gln Thr Ile Leu Lys Pro Leu Ser Glu
405 410 415

Cys Lys Ser Pro Ser Glu Pro Leu Ile Pro Lys Arg Val Gly Leu Ile
420 425 430

His Ile Ser Gln Val Ile Ser Glu Val Asp Gly Asn Arg Met Thr Leu
435 440 445

Ser Gln Glu Gly Ala Gln Asp Ser Phe Pro Leu Gln Gln Lys Ile Leu
450 455 460

Val Cys Ser Leu Met Leu Leu Ile Arg Gln Leu Lys Ile Lys Glu val
465 470 : 475 480

Thr Leu Gly Lys Leu Tyr Glu Ala Tyr Ser Lys Val Cys Arg Lys Gln
485 490 495

Gln val Ala Ala Val Asp Gln Ser Glu Cys Leu Ser Leu Ser Gly Leu
500 505 510

Leu Glu Ala Arg Gly Ile Leu Gly Leu Lys Arg Asn Lys Glu Thr Arg
515 520 525

Leu Thr Lys Val Phe Phe Lys Ile Glu Glu Lys Glu Ile Glu His Ala
530 535 540

Leu Lys Asp Lys Ala Leu Ile Gly Asn Ile Leu Ala Thr Gly Leu Pro

545 ’ 550 555 560
<210> 3

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Sense oligonucleotide

<400> 3

tccccaccca agcagtctcg caaag 25
<210> 4

<211> 25

<212> DNA

<213> Artificial sequence
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" <220>
<223> Antisense oligonucleotide

<400> 4
ctttgcgaga ctgcttgggt gggga . 25
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