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FIGURE 1
(A)

>gi|33875962:135-770 Homo sapiens hypothetical protein MGC2731, mRNA
{cDNA clone MGC:2731 IMAGE:2822460), complete cds '

ATGACGACGGAGACCTTTGTSAAGGATAT CAAGCCTGGGCTCAAGAATCTGAACCTTATCTTCATTGTGC
TGGAGACAGGCCGAGTGACCAAGACAAAGCACGGECATGAGGTT CGGACCTGCAAAGTGGCGGACAARAL
AGGCAGCATCAATATCTCTGTCTGGGACGATGTTGGCAATCTGATCCAGCCTGGGCACATTATCCGGCTC
ACCAALAGGGTACGCTTCAGTTTTCARAGGTTGTCTGACACTATATACTGGCCGTGCGGGTGATCTGCAGA
AGATTGGAGAATTCTGTATGGTTTATTCTGAGGTTCCTAACTTCAGT GAGCCARACCCAGAGTACAGCAC
CCAGCAGGCACCCARACAAGGCGGTGCAGAACGACAGCAACCCTTCAGCTTCCCAGCCTACCACTGGACCC
PCTGCTGCCTCTCCAGCCTCTCACAACCAGAATGGGARTGGACTGAGTGCCCCACCAGGTCCCGGTGETG
GCCCACATCCCCCTCATACTCCCTCCCACCCACCCAGCACCCGAATCACTCGAAGCCAGCCCARCCACAC
ACCTGCAGGCCCGCCTGGCCCTTCCAGCAARCCCTGTTAGTAACGGCARAGAAACCCGGAGGAGCAGCAAG
AGATAG (SEQ ID NO: 6)

>tr|Q9BQl15 Hypothetical 22.3 kDa protein (Unknown) (protein for
MGC:2731) - Homo sapiens (Human).
MTTETFVKDIKPGLKNLNLIFIVLETGRVTIKIKDGHEVRTCKVADKTGSINISVWDDVGN
LIQPGDIIRLTKGYASVFKGCLTLYTGRGGDLOKIGEFCMVYSEVPNFSEPNPEYSTQQA

PNKAVQNDSNPSASQPTTGPSAASPASENONGNGLSAPPGPGGGPHPPHTPSHEPSTRIT

RSQOPNHTPAGPPGPSSNPVSNGKETRRSSKR (SEQ ID NO: 2]
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FIGURE 1

(B)

ATGAATAGGGTCARACGACCCACTTATTTTTATAAGAGATATTARGCCCGGACTGAARAACTTARATGTCGT
CITTATTGTCCTGGAGATAGGACGCGTGACCAAAACCAAAGACGGCCATGAAGTGAGATCGTGCAAAGTAG
CAGATAAARRCGGGCAGCATCACTATTTCCGTGTGGGATGAGATCGGAGGTCTTATACAGCCAGGGGATATT
ATTCGGTTGACCAGAGGGTATGCATCCATGTGGAAAGCATCTCTGACACTTTATACTGGAAGGGGTGGTGA
ACTTCARARAATTGGGGAATTTTGTATGGTTTATTCAGAACTGCCAAATTTCAGTGAACCCAACCCAGATT
ATCGAGGACAGCAGAACAAAGGGGCACAGAGTGAACAGAAGAATAATTCCATGAATAGTAARTATGGGTACA
GGTACATTIGGACCAGTGGGARATGGTGTTCACACTGGCCCTGAATCAAGGGAACACCAGTTTTCACATGC
TGGCAGAAGCAATGGCCGGGGACTTATAAATCCACAACTACAAGGAACAGCTAGTAATCAAACAGTGATGA

CCACAATAAGTAATGGCAGGGACCCTCGGAGAGCCTTTAAARGATGA (SEQ ID NO: 7)

MNRVNDPLIFIRDIKPGLRKNLNVVFIVLEIGRVTKTKDGHEVRSCKVADKTGSITISVWD
EIGGLIQPGDIIRLTRGYASMWXKGCLTLYTGRGGELOKIGEFCMVYSEVPNFSEPNPDYR
GOONKGAQSEQKNNSMNSNMGTGTFGPVGNGVHTGPESREHQFSHAGRSNGRGLINPQLQ

GTASNQTVMTTISNGRDPRRAFKR (SEQ ID NO: 4)
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FIGURE 2
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FIGURE 4
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FIGURE 6
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FIGURE8
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FIGURE 10
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FIGURE 12
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FIGURE 13
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NOVEL HUMAN SSDNA BINDING PROTEINS
AND METHODS OF CANCER DIAGNOSIS

FIELD OF THE INVENTION

[0001] Thepresent invention relates to a method for detect-
ing transformed cells or tumour cells, a method for diagnos-
ing or prognosing cancer or for assessing a predisposition to
cancer, and kits for use in said methods. More particularly, the
invention relates to methods involving the detection of over-
expression of a human SSB protein or polypeptide, and kits
for use in said methods.

BACKGROUND OF THE INVENTION

[0002] DNA exists predominantly in a duplex form that is
preserved via specific base pairing. This affords a consider-
able degree of protection against chemical or physical dam-
age thereby preserving its coding potential. However, there
are many situations, either due to DNA damage or during
programmed cellular processes such as DNA replication and
transcription, when the DNA duplex is separated into two
single-stranded DNA (ssDNA) strands. It is very important to
control the generation of ssDNA and protect it when formed,
and for this reason all cellular organisms and many viruses
encode protective ssDNA binding proteins (SSBs).

[0003] SSBs are ubiquitous and essential for a wide variety
of cellular processes including DNA replication, recombina-
tion, DNA damage detection and repair. SSBs have multiple
roles in binding and sequestering ssDNA, detecting DNA
damage, stimulating strand exchange proteins, nucleases and
helicases, activating transcription and mediation of protein-
protein interactions. The SSB family of proteins are structur-
ally and functionally highly conserved through evolution. In
bacteria and archaea they are involved in a host of processes
including DNA damage repair, DNA replication and tran-
scription. The major SSB homologue in eukaryotes, namely
the Replication Protein A (RPA), is a heterotrimer and is
required for both DNA replication and repair.

[0004] Prior to the work leading to the present invention,
RPA was considered to be the sole or primary eukaryotic
SSB. The present applicant has, however, identified and
described hereinafter, novel human SSBs, designated hSSB1
and hSSB2. These proteins have a domain organisation that is
closer to the archaeal SSB than to eukaryotic RPA, buthSSB1
at least, behaves in a manner that is characteristic of so-called
DNA double strand break (DSB) sensors (Zhou and Elledge,
2000). As shown in the Examples, upon induction of DNA
damage, hSSB1 accumulates in the nucleus, forming distinct
foci that co-localise with known repair proteins. It has also
been observed that depletion of hSSB1 abrogates the cellular
response to DSBs, including activation of the ATM protein
kinase (ATM) and phosphorylation of ATM targets after
exposure to ionising radiation (IR). Further, it has been found
that hSSB1 is associated with the Mrell-Rad50-Nbsl
(MRN) complex and that hSSB1-deficient cells are defective
in the recruitment of the MRN complex to sites of DNA
breaks. More particularly, it has been found thathSSB1 inter-
acts with the MRN complex and facilitates the recruitment of
this complex, and other factors, to foci at the site of DNA
damage. Further, it has been found that hSSB1 is involved in
generating and maintaining stability in ssDNA formed after
DNA damage and, thus, appears to contribute to repair by
homologous recombination (HR). Moreover, cells deficient
in hSSB1 exhibit increased radiosensitivity and enhanced
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genomic instability coupled with a diminished capacity for
DNA repair, thereby indicating that a loss of hSSB1 impairs
DNA damage response.

[0005] As an early participant in the damage response path-
way, hSSB1 is accordingly implicated in tumourigenesis,
thus providing a suitable marker for cancer diagnosis, cancer
predisposition and the prognosis of existing cancers or
tumours. Further, it is considered that “hSSB1 status” (e.g.
detection of hSSB1 overexpression) can provide an indica-
tion of potential tumour response to various cancer treat-
ments.

SUMMARY OF THE INVENTION

[0006] In a first aspect, the present invention provides a
method of detecting transformed cells or tumour cells com-
prising the step of detecting in a suitable biological sample,
overexpression of a human ssDNA binding (SSB) protein or
polypeptide comprising the following amino acid sequence:

(SEQ ID NO: 1)
FX'%x2DX>KPGLKNLNX X FIVLEX GRVTKTKDGHEVRX 'CKVADKT

@s1x%1svWDX X ex  LI1QPEDT IRLTX PaYASX X KGCLTL
YTGRGEX ! "LQKI GEFCMVYSEVPNFSEPNPX ovx! X o0

wherein

X is selected from V and I, X is selected from K and R, X°
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X is
selected from D and E, X*° is selected from V and I, X! is
selected from N and G, X'? is selected from K and R, X*? is
selected from V and M, X'*is selected from F and W, X' is
selected from D and E, X' is selected from E and D, X7 is
selected from S and R, and X*® is selected from T and G,

or a naturally occurring variant sequence thereof.

[0007] The method of the first aspect may be used, for
example, for diagnosing or prognosing cancer or assessing a
predisposition to cancer. The method may also be used in
selecting a suitable cancer treatment or in assessing the effec-
tiveness of a cancer treatment.

[0008] In asecond aspect, the present invention provides a
method of diagnosing or prognosing cancer or assessing a
predisposition to cancer, said method comprising the step of
detecting in a suitable biological sample from a subject, over-
expression of a human ssDNA binding (SSB) protein or
polypeptide comprising the following amino acid sequence:

(SEQ ID NO: 1)
FX X’ DX’ KPCLKNLNX*X FIVLEX *GRVTKTKDGHEVRX 'CKVADKT

s IXSISVWDXPX YeX  LIQPGDI IRLTX 2GYASX *X “KGCLTL

YTGRGGEXPLOKI GEFCMVYSEVPNFSEPNPX 10vx! "800

wherein

X! is selected from V and I, X2 is selected from K and R, X>
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X is
selected from D and E, X' is selected from V and I, X! is
selected from N and G, X*2 is selected from K and R, X** is
selected from V and M, X'*is selected from F and W, X' is
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selected from D and E, X' is selected from E and D, X7 is
selected from S and R, and X*® is selected from T and G,

or a naturally occurring variant sequence thereof.

[0009] The method of the second aspect is preferably used
for diagnosing or prognosing breast or bowel cancer or
assessing a predisposition to breast or bowel cancer.

[0010] Inthe methods of the invention, the said SSB protein
or polypeptide is preferably a human SSB1 protein or
polypeptide comprising an amino acid sequence substantially
corresponding to the following:

(SEQ ID NO: 2)
MTTETFVKDIKPGLKNLNLIFIVLETGRVTKTKDGHEVRTCKVADKTG

SINISVWDDVGNLIQPGDI IRLTKGYASVFKGCLTLYTGRGGDLQKIGEF
CMVYSEVPNFSEPNPEYSTQQAPNKAVONDSNPSASQPTTGPSAASPA
SENQNGNGLSAPPGPGGGPHPPHTPSHPPSTRITRSQPNHTPAGPPGPS
SNPVSNGKETRRSSKR,

or a naturally occurring variant sequence thereof.

[0011] Also, in the methods of the invention, the step of
detecting overexpression of said SSB protein or polypeptide
may comprise indirectly detecting overexpression of the pro-
tein or polypeptide by determining the relative amount of
messenger RNA (mRNA) encoding the protein or polypep-
tide that is present in said sample. However, more preferably,
the step of detecting overexpression of said SSB protein or
polypeptide comprises directly detecting overexpression of
the protein or polypeptide by determining the relative amount
of the protein or polypeptide per se (or a fragment thereof)
that is present in the said sample.

[0012] For directly detecting overexpression of the SSB
protein or polypeptide, preferably an antibody or fragment
thereof that is capable of specifically binding with the protein
or polypeptide (or a fragment thereof), is used in determining
the relative amount of the protein or polypeptide that is
present in the sample (e.g. by using standard ELISA meth-
ods).

[0013] Thus, in a third aspect, the present invention pro-
vides an antibody or fragment thereof which specifically
binds to a human ssDNA binding (SSB) protein or polypep-
tide comprising the following amino acid sequence:

(SEQ ID NO: 1)
FX' X’ DX’ KPCLKNLNX X FIVLEX*GRVTKTKDGHEVRX 'CKVADK

TGSIX ISVWDX X' °CX! ' LIQPCDI IRLTX GYASX X KGCLTL
YTGRGCX ! *LOKIGEFCMVYSEVPNFSEPNPX '°vx ! "X '¥00

wherein

X! is selected from V and I, X? is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X is
selected from T and S, X® is selected from N and T, X is
selected from D and E, X*° is selected from V and I, X! is
selected from N and G, X'? is selected from K and R, X*? is
selected from V and M, X'#is selected from F and W, X' is
selected from D and E, X' is selected from E and D, X'7 is
selected from S and R, and X'® is selected from T and G,

or a naturally occurring variant sequence thereof;

or said antibody or fragment thereof binds to an antigenic
fragment of said protein or polypeptide.
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[0014] 1Ina fourth aspect, the present invention provides an
isolated human ssDNA binding (SSB) protein or polypeptide
comprising the following amino acid sequence:

(SEQ ID NO: 1)
FX X’ DX KPGLKNLNX X FIVLEX*GRVTKTKDGHEVRX 'CKVADKTG

SIX*IsVIDX X %ex ! ' LIQPGD T IRLTX PaYASX X KGCLTLY
TGRGCX PLOKIGEFCMVY SEVPNFSEPNPX vx!7x!800

wherein

X' is selected from V and I, X* is selected from K and R, X*
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X° is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X° is
selected from D and E, X' is selected from V and I, X*! is
selected from N and G, X*2 is selected from K and R, X*? is
selected from V and M, X'*is selected from F and W, X*° is
selected from D and E, X9 is selected from E and D, X7 is
selected from S and R, and X*® is selected from T and G,

or a naturally occurring variant sequence thereof;

or an antigenic fragment thereof.

[0015] In a fifth aspect, the present invention provides an
isolated polynucleotide molecule encoding a human ssDNA
binding (SSB) protein or polypeptide comprising the follow-
ing amino acid sequence:

(SEQ ID NO: 1)
FX X DX KPGLKNLNX "X FIVLEX*GRVTKTKDGHEVRX 'CKVADKTG

SIXSTSVIWDX K OeX ! 'L IQPED T IRLTX e YASK P X KGCLTLYT
CREEXPLOKIGEFCMVYSEVPNFSEPNPX 10vX 7% 1800

wherein

X! is selected from V and 1, X* is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X’ is
selected from T and S, X® is selected from N and T, X° is
selected from D and E, X' is selected from V and I, X** is
selected from N and G, X'? is selected from K and R, X'* is
selected from V and M, X'*is selected from F and W, X'* is
selected from D and E, X9 is selected from E and D, X7 is
selected from S and R, and X'® is selected from T and G,

or a naturally occurring variant sequence thereof.

[0016] In a sixth aspect, the present invention provides an
oligonucleotide molecule suitable for use as, for example, a
probe or primer sequence which hybridises under high strin-
gency conditions to a polynucleotide molecule encoding a
human ssDNA binding (SSB) protein or polypeptide com-
prising the following amino acid sequence:

(SEQ ID NO: 1)
FX' X’ DX KPGLKNLNX X’ FIVLEX *GRVTKTKDGHEVRX 'CKVADKT

@s1x%1svWDx X Yex ' L IQPGDI IRLTX 2GYASX ¥ X “KGCLTL
YTGRGEX!"LOKIGEFCMVYSEVPNFSEPNPX '6vx! X '¥00

wherein

X! is selected from V and I, X2 is selected from K and R, X>
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X° is
selected from D and E, X' is selected from V and I, X! is
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selected from N and G, X'? is selected from K and R, X'* is
selected from V and M, X'* is selected from F and W, X% is
selected from D and E, X9 is selected from E and D, X7 is
selected from S and R, and X*# is selected from T and G,

or a naturally occurring variant sequence thereof.

[0017] Inaseventh aspect, the present invention provides a
kit for diagnosing or prognosing cancer or assessing a pre-
disposition to cancer, wherein said kit comprises any one or a
combination of:

(1) an isolated eukaryotic SSB protein or polypeptide,

(ii) an antibody or fragment thereof according to the third
aspect, and

(ii1) an oligonucleotide molecule suitable for use as a probe or
primer sequence, according to the sixth aspect.

[0018] Homologues of the sequence shown above as SEQ
ID NO: 2 have been identified in other divergent eukaryotic
species (see FIG. 1).

[0019] Thus, in a further aspect, the present invention pro-
vides an isolated eukaryotic ssDNA binding (SSB) protein or
polypeptide comprising the following amino acid sequence:

(SEQ ID NO: 3)
XX DR X KNP K E X R FTVLEX X X O TR ATRR X X E

EVRX ¥ExMyxMDxOx RO R 1 ¥ xS sx Twpx°x e ! x Y1 X % "Gp1
X RLTX2GYASK X X X7 CLTLYXPax X Pex PxExF G
EXA GCMVXAHXAIEXAJXAKNXALS EPXAMXANXI GXA Oxl 7X18QXAP

wherein

X4 is selected from F, L and P, X" is selected from V and I, X>
is selected from K and R, X is selected from I and V, X% is
selected from P and A, X¢ is selected from L and S, X” is
selected from L and I, X is selected from N and S, X* is
selected from L, V and I, X° is selected from I, L and V, X% is
selected from T, I and V, X7 is selected from R and V, X< is
selected from V and A, X is selected from K and V, X7 is
selected from D and E, X is selected from G and N, X* is
selected from H and R, X” is selected from T, S and N, X% is
selected from C and F, X* is selected from K and R, X" is
selected from A and G, X€ is selected from K, R and P, X% is
selected from T and S, X€ is selected from G and A, X% is
selected from S and C, X? is selected from N, T and A, X* is
selected from I and V, X7 is selected from V and I, X° is
selected from D and E, X*° is selected from V, I, L and P, X!
is selected from N, G, S and K, X is selected from L and F,
X" is selected from Q and A, X" is selected from P and T, X*
is selected from I and V, X** is selected from K and R, X** is
selected from V, M, L and I, X'#1s selected from F and W, X*
is selected from K and R, XZis selected from G and H, XZ is
selected from T and S, X is selected from R and K, X7 is
selected from G and N, X'* is selected from D and E, X“F is
selected from L and V, X*F is selected from Q and F, X*€ is
selected from F and Y, X is selected from Y and F, X is
selected from S and N, X/ is selected from V and S, X% is
selected from P and V, X is selected from F and M, X is
selected from Nand K, X4V is Poris mull, X'®is selected from
E and D or is null, X**© is selected from Y, L and R, X' is
selected from S, R, N, I, L and A, X% is selected from T, G, A
and E, and X7 is selected from Q and A, or a naturally
occurring variant sequence thereof,

or an antigenic fragment thereof.

[0020] In a still further aspect, the present invention pro-
vides a polynucleotide molecule or oligonucleotide molecule
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comprising a nucleotide sequence encoding all or part of a
eukaryotic SSB protein or polypeptide comprising an amino
acid sequence as shown above as SEQ ID NO: 3, and/or the
complementary sequence thereto.

BRIEF DESCRIPTION OF THE FIGURES

[0021] FIG. 1 (A) shows the nucleotide and amino acid
sequence for the hSSB1 protein, and (B) shows the nucleotide
and amino acid sequence for the hSSB2 protein, as retrieved
using the BLAST algorithm from the NCBI database, while
(C) shows an alignment of the hNSSB1 and hSSB2 amino acid
sequences (designated in the figure as “human 1” and “human
2” respectively) against that of archaeal SSB (Sulfolobus
solfataricus), the corresponding “mouse 1 and “mouse 2”
amino acid sequences, as well as the amino acid sequences of
the homologues from Xeropus laevis, Danio rerio and Droso-
phila melanogaster. The alignment indicates that the proteins
have a highly conserved N-terminal domain (an oligonucle-
otide/oligosaccharide-binding (OB-fold) domain) followed
by a variable region with no predicted structure and a con-
served C-terminal tail.

[0022] FIG. 2 shows the binding of recombinant hSSB1 to
ssDNA substrate (top) and a synthetic replication fork (bot-
tom) by electrophoretic mobility shift assay (EMSA). The
location of the radiolabel is marked with a filled circle.
[0023] FIG. 3 shows Western immunoblot analysis of
hSSB1 and actin (control) using cell extracts from neonatal
foreskin fibroblast (NFF) cells exposed to IR (6 Gy) or UV
(20 mJ/m2) light at 0, 0.5, 1, 1.5, 2 and 3 hours time points.
[0024] FIG. 4 shows metaphase control in hSSB1-deficient
and control NFF cells; chromosome breaks are indicated by
arrows.

[0025] FIG. 5 shows the frequency of spontaneous and IR
(2 Gy) induced chromosomal aberrations in control and
hSSB1-deficient NFF cells. Dose of IR is represented on the
X axis and the relative number of aberrations at metaphase is
represented on the Y axis.

[0026] FIG. 6 shows control and hSSB1-deficient NFF
cells at the GG, /S checkpoint following IR exposure. From left,
panels show cells transfected with control siRNA, cells trans-
fected with control siRNA and exposed to 6 Gy IR, cells
transfected with hSSB1-specific siRNA and cells transfected
with hSSB1-specific siRNA and exposed to 6 Gy IR. The
boxed area shows bromodeoxyuridine (BrdUrd) positive
cells.

[0027] FIG. 7 shows IR sensitivity in control and hSSB1-
depleted NFF cells. Dose of IR is represented on the X axis
and relative cell survival is represented on the Y axis.

[0028] FIG. 8 shows the localisation of hSSB1 to DNA
repair foci after IR (6 Gy).

[0029] FIG. 9 shows hSSB1 formation of foci that co-loca-
lise with yH2AX (top panel). hSSB1 and yH2AX co-localise
at a single double strand break (DSB) induced by the I-Scel
restriction enzyme in MCF7 DRGFP cells (bottom panel).
[0030] FIG. 10 shows the co-localisation of hSSB1 with
foci formed by Rad50 and Mrel 1.

[0031] FIG. 11 shows NBS1 and Rad50 foci formation in
control and hSSB1-depleted NFF cells.

[0032] FIG. 12 shows Rad51 foci formation in control and
hSSB1-depleted NFF cells.

[0033] FIG. 13 shows H2AX foci formation in control and
hSSB1-depleted NFF cells.
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[0034] FIG. 14 shows IR induced activation of ATM and the
subsequent phosphorylation of downstream targets Nbs 1,
p53, Chkl and Chk2 in control and hSSB1-depleted NFF
cells.

[0035] FIG. 15 shows IR induced phosphorylation of
YH2AX in control and hSSB1-depleted NFF cells.

[0036] FIG. 16 shows ChIP analysis of hSSB1 enrichment
on a unique DSB induced by I-Scel in vivo. The Y axis scale
represents protein enrichment relative to baseline measures.

[0037] FIG. 17 shows IR induced ssDNA foci formation in
control and hSSB1-specific siRNA transfected cells.

[0038] FIG. 18 shows HR repair events in cells transfected
with hSSB1 siRNA in response to an [-Scel-induced DSB as
determined by FACS analysis. The Y axis scale represents the
relative number of I-Scel induced homologous recombina-
tion repair (HRR) events.

[0039] FIG. 19 shows the survival rate of patients express-
ing hSSB1 in comparison to patients not expressing hSSB1

(hSSB1 positive shown as “1SSB pos”, and hSSB1 negative
shown as “1SSB neg”).

DETAILED DESCRIPTION OF THE INVENTION

[0040] The present applicant has found that hSSB1 is
involved in generating and maintaining genomic stability and
signal transduction following DNA damage and thus contrib-
utes to DNA repair. Further, cells deficient in hSSB1 exhibit
adiminished capacity for DNA repair, indicating thata loss of
hSSB1 impairs DNA damage responses. As an early partici-
pant in the damage response pathway, hSSB1 is accordingly
implicated in cellular transformation and tumorigenesis thus
providing a suitable marker for cancer diagnosis, cancer pre-
disposition and the prognosis of existing cancers or tumours.
Further, hSSB1 status can provide an indication of potential
tumour response to various cancer treatments thus finding
application in the selection of suitable treatments or treatment
regimes. In a similar manner, hSSB1 status may be used to
assess the effectiveness of a cancer treatment. It is anticipated
that the closely related hSSB2 protein provides a marker with
similar utilities.

[0041] Thus, in afirst aspect, the present invention provides
amethod of detecting transformed cells or tumour cells com-
prising the step of detecting in a suitable biological sample,
overexpression of a human ssDNA binding (SSB) protein or
polypeptide comprising the following amino acid sequence:

(SEQ ID NO: 1)
FX%x2 DX} KPCLKNLNX X F IVLEX*GRVTKTKDGHEVRX 'CKVADKTG

SIXSISVIDX X '%exX ! ' LIQPGDI IRLTX PGYASX ¥ X Y KGCLTLYT

GREEXPLOKIGEFCMVYSEVPNFSEPNPX oYX ! % 800

wherein

X! is selected from V and I, X? is selected from K and R, X>
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X is
selected from T and S, X® is selected from N and T, X is
selected from D and E, X'° is selected from V and I, X! is
selected from N and G, X'? is selected from K and R, X'* is
selected from V and M, X'#is selected from F and W, X' is
selected from D and E, X' is selected from E and D, X'7 is
selected from S and R, and X'® is selected from T and G,

or a naturally occurring variant sequence thereof.
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[0042] As mentioned above, the method of the first aspect
may be used in selecting a suitable cancer treatment or in
assessing the effectiveness of a cancer treatment. In particu-
lar, the detection of transformed cells or tumour cells through
the detection of overexpression of a human ssDNA binding
(SSB) protein or polypeptide in a suitable biological sample,
can be used to assist selection of a suitable cancer treatment
by omitting from the group of possible treatments those
involving radiotherapy and/or DNA damaging chemothera-
pies.

[0043] Inasecond aspect, the present invention provides a
method of diagnosing or prognosing cancer or assessing a
predisposition to cancer, said method comprising the step of
detecting in a suitable biological sample from a subject, over-
expression of a human ssDNA binding (SSB) protein or
polypeptide comprising the following amino acid sequence:

(SEQ ID NO: 1)
FX' X’ DX KPCLKNLNX X FIVLEX*GRVTKTKDGHEVRX 'CKVADKTG

SIX*TsVWDX X! %ex ! 'L 1QPGD T IRLTX G YASK X KGCLTLYT

GRGCX ! LOKIGEFCMVYSEVPNFSEPNPX oYX 7k ¥00

wherein

X is selected from V and I, X2 is selected from K and R, X°
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X° is
selected from D and E, X'° is selected from V and I, X! is
selected from N and G, X*? is selected from K and R, X** is
selected from V and M, X'# is selected from F and W, X*° is
selected from D and E, X' is selected from E and D, X'7 is
selected from S and R, and X*® is selected from T and G,

or a naturally occurring variant sequence thereof.

[0044] The detection of overexpression of the SSB protein
or polypeptide in the suitable biological sample can be used,
in the case of a subject in which cancer has not previously
been diagnosed, either on its own or in combination with
other cancer tests, to diagnose cancer in the subject. For a
subject having already been diagnosed as having cancer, the
detection of overexpression ofthe SSB protein or polypeptide
in the suitable biological sample can be indicative of the
prognosis of that cancer (i.e. the greater the relative level of
SSB expression, the worse the prognosis of the cancer). Fur-
ther, for a subject in which cancer has not previously been
diagnosed and who is not showing any signs of'ill health due
to cancer, the detection of overexpression of the SSB protein
or polypeptide in the suitable biological sample can be used in
an assessment of a predisposition to cancer (i.e. SSB overex-
pression is likely to indicate that the subject is predisposed to
the development of cancer).

[0045] For prognosing cancer, the method of the second
aspect may further comprise determining the intracellular
location(s) of the SSB protein or polypeptide in a transformed
cell or tumour cell in the suitable biological sample. That is,
adetermination that the SSB protein or polypeptide is present
in the cytoplasm of such cells, and not merely the nucleus, can
be used to provide a worse prognosis of the cancer.

[0046] The method of the second aspect is preferably used
for diagnosing or prognosing breast or bowel cancer or
assessing a predisposition to breast or bowel cancer.

[0047] Inthe methods of the invention, the said SSB protein
or polypeptide is preferably a human SSB1 protein or
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polypeptide comprising an amino acid sequence substantially
corresponding to the following:

(SEQ ID NO: 2)
MTTETFVKDIKPGLKNLNLIFIVLETGRVTKTKDGHEVRTCKVADKTGSI

NISVWDDVGNLIQPGDIIRLTKGYASVFKGCLTLYTGRGGDLQKIGEFC
MVYSEVPNFSEPNPEYS TQQAPNKAVONDSNPSASQPTTGPSAASPASEN
QNGNGLSAPPGPGGGPHPPHTPSHPPSTRITRSQPNHTPAGPPGPSSNP
VSNGKETRRSSKR ;

or a naturally occurring variant sequence thereof.

[0048] However, alternatively, the said SSB protein or
polypeptide is a human SSB2 protein or polypeptide com-
prising an amino acid sequence substantially corresponding
to the following:

(SEQ ID NO: 4)
MNRVNDPLIFIRDIKPGLKNLNVVFIVLEIGRVTKTKDGHEVRSCKVADK

TGSITISVWDEIGGLIQPGDIIRLTRGYASMWKGCLTLYTGRGGELQKIG
EFCMVYSEVPNFSEPNPDYRGQONKGAQSEQKNNSMNSNMGTGTFGPV
GNGVHTGPESREHQFSHAGRSNGRGLINPQLOGTASNQTV ;

or a naturally occurring variant sequence thereof.

[0049] As used herein, the term “naturally occurring vari-
ant sequence” refers to the sequence of any naturally occur-
ring isoform of the relevant SSB protein or polypeptide,
encoded by, for example, an allelic variant. The variant
sequence may, therefore, encompass one or more amino acid
substitutions, deletions and/or additions, but would generally
vary from the relevant amino acid sequence by no more than
five amino acids.

[0050] The term “substantially corresponding” as used
herein in relation to amino acid sequences is to be understood
as encompassing minor variations in the relevant amino acid
sequence which do not result in any significant alteration of
the biological activity of the SSB protein or polypeptide.
These variations may include conservative amino acid sub-
stitutions such as: G, A, V,1,L,M; D, E; N, Q:S, T:K, R, H; F,
Y, W, H; and P, Na-alkylamino acids.

[0051] The step of detecting overexpression of said SSB
protein or polypeptide may comprise indirectly detecting
overexpression of the protein or polypeptide by determining
the relative amount of messenger RNA (mRNA) encoding the
protein or polypeptide that is present in said sample. The
relative amount of mRNA encoding the protein or polypep-
tide may be determined by any of the methods well known to
persons skilled in the art including Northern blot (by com-
parison to reference samples) and PCR-based mRNA quan-
tification methods (e.g. using RT-PCR with primers conju-
gated to a detectable label). Generally, the relative amount of
mRNA encoding the protein or polypeptide will be deter-
mined by comparison against the amount, or range of
amounts, present in “normal samples” (e.g. samples from the
subject that do not include transformed cells or tumour cells,
or otherwise, equivalent biological samples taken from nor-
mal subject(s)). The step of detecting overexpression of said
SSB protein or polypeptide may also comprise indirectly
detecting overexpression of the protein or polypeptide by
determining the relative amount of an antibody or fragment
thereof that specifically binds to the SSB protein or polypep-
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tide. The relative amount of such an antibody or fragment
thereof may be determined by any of the methods well known
to persons skilled in the art including (e.g. standard ELISA
methods). As such, the relative amount of an antibody or
fragment thereof that specifically binds to the SSB protein or
polypeptide can be determined by quantitatively detecting the
antibody or fragment thereof with, for example, SSB protein
or polypeptide which may be immobilised or conjugated to a
detectable label. Suitable detectable labels include chro-
mophores, fluorophores (e.g. fluorescein or FITC), radiola-
bels (e.g. 2°I), and enzymes such as horseradish peroxidase.
Generally, the relative amount of the antibody or fragment
thereof will be determined by comparison against the amount,
or range of amounts, present in “normal samples” (e.g.
equivalent biological samples taken from normal subject(s)).
[0052] Preferably, the step of detecting overexpression of
said SSB protein or polypeptide comprises directly detecting
overexpression of the protein or polypeptide by determining
the relative amount of the protein or polypeptide per se (or a
fragment thereof) that is present in the said sample. For
directly detecting overexpression of the SSB protein or
polypeptide, preferably an antibody or fragment thereof that
is capable of specifically binding with the protein or polypep-
tide (or a fragment thereof), is used in determining the relative
amount of the protein or polypeptide that is present in the
sample. This can be achieved by using any of the methods
well known to persons skilled in the art (e.g. standard ELISA
methods or in situ immunofluorescence using tissue section
samples). As such, the relative amount of the SSB protein or
polypeptide can be determined by quantitatively detecting the
protein or polypeptide with a specific antibody or fragment
thereof (i.e. a primary antibody) which is either directly con-
jugated to a detectable label or is otherwise detected via a
secondary antibody or fragment thereof directly conjugated
to a detectable label. Suitable detectable labels include those
mentioned above. These labels can be used in methods and
systems as are well known to persons skilled in the art, which
provide for the automation or partial automation of the step of
detecting overexpression of the SSB protein or polypeptide
(e.g. by a microplate reader or use of a flow cytometer).
[0053] The suitable biological sample may be selected
from, for example, tissue biopsies and fixed sections (e.g.
formalin fixed or paraffin embedded) or fixed cell samples
prepared therefrom, smear samples, blood samples, faecal
samples, urine samples or buccal samples. The sample may
be pre-treated by, for example, filtration, separation or extrac-
tion methods to partly or completely purify or isolate cells,
proteins, polynucleotides, oligonucleotides or fragments
thereof or fractions containing these components.

[0054] In a third aspect, the present invention provides an
antibody or fragment thereof which specifically binds to a
human ssDNA binding (SSB) protein or polypeptide com-
prising the following amino acid sequence:

(SEQ ID NO: 1)
FX X’ DX KPCLKNLNX X FIVLEX*GRVTKTKDGHEVRX 'CKVADKTG

SIX*IsVWDX X! %ex ! 'L IQPGD T IRLTX G YASX X KGCLTLYT
GRGEXPLQKIGEFCMVYSEVPNFSEPNPX 'vx 7k 400

wherein

X' is selected from V and I, X is selected from K and R, X°
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X6 is selected from T and I, X7 is
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selected from T and S, X® is selected from N and T, X° is
selected from D and E, X*° is selected from V and I, X! is
selected from N and G, X'? is selected from K and R, X'* is
selected from V and M, X** is selected from F and W, X*° is
selected from D and E, X9 is selected from E and D, X7 is
selected from S and R, and X*# is selected from T and G,

or a naturally occurring variant sequence thereof;

or said antibody or fragment thereof binds to an antigenic
fragment of said protein or polypeptide.

[0055] The antibody may be selected from monoclonal and
polyclonal antibodies.

[0056] The antibody fragment may be selected from frag-
ments produced through enzymatic cleavage such as Fab and
F(ab"), fragments, and recombinant antibody fragments such
as single chain Fv (scFv) fragments.

[0057] Ina fourth aspect, the present invention provides an
isolated human ssDNA binding (SSB) protein or polypeptide
comprising the following amino acid sequence:

(SEQ ID NO: 1)
XX DX KPGLKNLNX X FIVLEX’GRVTKTKDGHEVRX ' CKVADKTCS

TX31 svWDX X 1%exX ' LI QPGDIIRLTX PG YASX PX KGCLTLY TG
RGGXPLOKIGEFCMVYSEVPNFSEPNPX ! Svx! "% 800

wherein

X! is selected from V and I, X2 is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X is
selected from I and V, X° is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X° is
selected from D and E, X*° is selected from V and I, X! is
selected from N and G, X'? is selected from K and R, X'* is
selected from V and M, X'*is selected from F and W, X*° is
selected from D and E, X' is selected from E and D, X'7 is
selected from S and R, and X*® is selected from T and G,

or a naturally occurring variant sequence thereof;

or an antigenic fragment thereof.

[0058] The protein, polypeptide or antigenic fragment of
the invention may be isolated from a suitable biological
sample from a subject, or may otherwise be prepared recom-
binantly and thereafter isolated from a recombinant cell cul-
ture.

[0059] The protein, polypeptide or antigenic fragment may
be used, for example, to immunise a suitable animal (e.g.
mouse, rabbit or sheep) in order produce an antibody or
fragment thereof according to the third aspect. To thisend, the
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protein, polypeptide or antigenic fragment may optionally be
fused to a suitable carrier protein such as human serum albu-
min to form an immunogen.

[0060] Suitable antigenic fragments will typically com-
prise an amino acid sequence derived from a non-conserved
C-terminal region ofthe SSB protein or polypeptide (see FIG.
1). A particular example of a suitable antigenic fragment to
produce an antibody specific for the hSSB1 protein or
polypeptide comprises the following amino acid sequence:

NPEYSTQQAPN (SEQ ID NO: 5)

[0061] In a fifth aspect, the present invention provides an
isolated polynucleotide molecule encoding a human ssDNA
binding (SSB) protein or polypeptide comprising the follow-
ing amino acid sequence:

(SEQ ID NO: 1)
FX'X’DX3KPGLKNLNX X FIVLEXSGRVTKTKDGHEVRX 'CKVADKTG

STXPI1SVIDX X' %6X ! 'L IQPGD I IRLTX PGYASX ¥ X KGCLTLYT

GRGGXPLQKIGEFCMVYSEVPNFSEPNPX '6vX!7x ¥oq

wherein

X! is selected from V and I, X2 is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X is
selected from I and V, X6 is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X° is
selected from D and E, X' is selected from V and I, X*! is
selected from N and G, X*2 is selected from K and R, X** is
selected from V and M, X'*is selected from F and W, X*° is
selected from D and E, X' is selected from E and D, X7 is
selected from S and R, and X'® is selected from T and G,

or a naturally occurring variant sequence thereof.

[0062] Preferably, the polynucleotide molecule comprises
a nucleotide sequence encoding a human SSB protein or
polypeptide comprising an amino acid sequence substantially
corresponding to the sequence shown above as SEQ ID NO:
2 or a naturally occurring variant sequence thereof, or that
shown above as SEQ ID NO: 4 or a naturally occurring
variant sequence thereof.

[0063] More preferably, the polynucleotide molecule
encodes an hSSBI1 protein or polypeptide and comprises a
nucleotide sequence substantially corresponding to the fol-
lowing:

(SEQ ID NO: 6)

ATGACGACGGAGACCTTTGTGAAGGATATCAAGCCTGGGCTCAAGAATCTGAACCTTATCTTCATTG

TGCTGGAGACAGGCCGAGTGACCAAGACAAAGGACGGGCATGAGGTTCGGACCTGCARAGTGGCGGA

CAAAACAGGCAGCATCAATATCTCTGTCTGGGACGATGT TGGCAATCTGATCCAGCCTGGGGACATT

ATCCGGCTCACCARAGGGTACGCTTCAGTTTTCAAAGGTTGTCTGACACTATATACTGGCCGTGGGG

GTGATCTGCAGAAGATTGGAGAATTCTGTATGGTTTATTCTGAGGTTCCTAACT TCAGTGAGCCARAA

CCCAGAGTACAGCACCCAGCAGGCACCCAACAAGGCGGTGCAGAACGACAGCAACCCTTCAGCTTCC

CAGCCTACCACTGGACCCTCTGCTGCCTCTCCAGCCTCTGAGAACCAGAATGGGAATGGACTGAGTG

CCCCACCAGGTCCCGGTGGTGGCCCACATCCCCCTCATACTCCCTCCCACCCACCCAGCACCCGAAT
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-continued
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CACTCGAAGCCAGCCCAACCACACACCTGCAGGCCCGCCTGGCCCTTCCAGCAACCCTGTTAGTAAC

GGCARAGAAACCCGGAGGAGCAGCARGAGATAG,

and/or the complementary sequence thereto.

[0064] Alternatively, the polynucleotide molecule encodes
an hSSB2 protein or polypeptide and comprises a nucleotide
sequence substantially corresponding to the following:

[0067] “Highstringency conditions” are well known to per-
sons skilled in the art, and are typically characterised by high
temperature (i.e. high annealing temperature) and low ionic
strength (i.e. low salt concentration, especially of MgCl,, KC1

(SEQ ID NO: 7)

ATGAATAGGGTCAACGACCCACTTATTTTTATAAGAGATATTAAGCCCGGACTGAAAAACTTAAATG

TCGTCTTTATTGTCCTGGAGATAGGACGCGTGACCAAAACCAAAGACGGCCATGAAGTGAGATCGTG

CAAAGTAGCAGATAAAACGGGCAGCATCACTATTTCCGTGTGGGATGAGATCGGAGGTCTTATACAG

CCAGGGGATATTATTCGGT TGACCAGAGGGTATGCATCCATGTGGAAAGGATGTCTGACACTTTATA

CTGGAAGGGGTGGTGAACTTCAARALATTGGGGAATTTTGTATGGTTTATTCAGAAGTGCCAAATTT

CAGTGAACCCAACCCAGATTATCGAGGACAGCAGAACAAAGGGGCACAGAGTGAACAGAAGAATAAT

TCCATGAATAGTAATATGGGTACAGGTACATTTGGACCAGTGGGAAATGGTGTTCACACTGGCCCTG

AATCAAGGGAACACCAGTTTTCACATGCTGGCAGAAGCAATGGCCGGGGACTTATARAATCCACAACT

ACAAGGAACAGCTAGTAATCARAACAGTGATGACCACAATAAGTAATGGCAGGGACCCTCGGAGAGCC

TTTAAAAGATGA,

and/or the complementary sequence thereto.

[0065] The term “substantially corresponding” as used
herein in relation to nucleotide sequences is to be understood
as encompassing minor variations in the relevant nucleotide
sequence which, due to degeneracy in the DNA code, do not
result in a change in the encoded SSB protein or polypeptide.
Further, the term is to be understood as encompassing minor
variations in the relevant nucleotide sequence which may be
required in order to enhance expression in a particular system
(i.e. to comply with preferred codon usage) but which do not
otherwise result in any significant alteration of the biological
activity of the SSB protein or polypeptide.

[0066] In asixth aspect, the present invention provides an
oligonucleotide molecule which hybridises under high strin-
gency conditions to a polynucleotide molecule encoding a
human ssDNA binding (SSB) protein or polypeptide com-
prising the following amino acid sequence:

(SEQ ID NO: 1)
FX' X’ DX KPCLKNLNX X FIVLEX*GRVTKTKDGHEVRX 'CKVADKTG

S1x3TsVWDX x1%ex ! L 1QPGDT IRLTX Gy ASK X *KGCLTLYT
GRGEX ' LOKIGEFCMVYSEVPNFSEPNPX vx! X800

wherein

X" is selected from V and I, X is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X° is
selected from I and V, X° is selected from T and I, X7 is
selected from T and S, X® is selected from N and T, X° is
selected from D and E, X' is selected from V and I, X** is
selected from N and G, X*2 is selected from K and R, X** is
selected from V and M, X'* is selected from F and W, X*° is
selected from D and E, X9 is selected from E and D, X7 is
selected from S and R, and X*® is selected from T and G,

or a naturally occurring variant sequence thereof.

and NaCl). The high stringency conditions may vary accord-
ing to the circumstances of the hybridisation (i.e. for probe
hybridisation, PCR amplification, etc.). For the purposes of
the present invention, as defined by the sixth aspect, “high
stringency conditions” is to be understood as referring to such
conditions applicable to probe hybridisation (e.g. conditions
which: (1) employ low ionic strength and high temperature
for washing, for example, 15 mM NaCl/1.5 mM sodium
citrate/0.1% NaDodSO, at 50° C.; (2) employ. during
hybridisation, a denaturing agent such as formamide, for
example, 50% (vol/vol) formamide with 0.1% bovine serum
albumin, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 50 mM
sodium phosphate buffer at pH 6.5 with 750 mM NacCl, 75
mM sodium citrate at 42° C.; or (3) employ 50% form amide,
5x88C (750 mM NaCl, 75 mM sodium citrate), 50 mM
sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate,
S5xDenhardt’s solution, sonicated salmon sperm DNA (50
pg/ml), 0.1% SDS and 10% dextran sulfate at 42° C. in
0.2xSSC (30 mM NaCl, 3 mM sodium citrate) and 0.1%
SDS).

[0068] Such an oligonucleotide molecule may be suitable
for use as, for example, a probe or primer sequence, or may
consist as an antisense oligonucleotide molecule (e.g. anti-
sense RNA or DNA, which may include catalytic sequences
such as those well known to persons skilled in the art, or a
small interfering RNA (siRNA) molecule).

[0069] The oligonucleotide molecule will typically consist
of 10 to 50 nucleotides and, more preferably, about 15 to 30
nucleotides.

[0070] Preferably, the oligonucleotide molecule is derived
from the nucleotide sequence shown above as SEQ ID NO: 2
or a naturally occurring variant sequence thereof (or the
complementary sequence thereto), or that shown above as



US 2010/0297623 A1l

SEQ ID NO: 4 or a naturally occurring variant sequence
thereof (or the complementary sequence thereto).

[0071] One particular example of an oligonucleotide mol-
ecule of the present invention comprises the following nucle-
otide sequence:

GACAAAGGACGGGCATGAGTT.

[0072] Another particular example of an oligonucleotide
molecule of the present invention comprises a siRNA mol-
ecule according to the following structure:

(SEQ ID No: 8)

(I) GACARAGGACGGGCATGAGTT

TTCUGUUUCCUGCCCGUACUC

(SEQ ID NO: 8)

(SEQ ID NO: 9)

[0073] Theisolated polynucleotide or oligonucleotide mol-
ecule of the invention may be provided in the form of an
isolated expression vector or expression cassette comprising
an operably linked promoter sequence oriented to produce
sense transcripts (e.g. for expression of an SSB protein or
polypeptide) or antisense transcripts (e.g. to produce anti-
sense RNA). For the production of siRNA, a suitable oligo-
nucleotide molecule may be operably linked with, for
example, aU6 or H1 RNA polymerase I1I promoter sequence
as 1s well known to persons skilled in the art.

[0074] Inaseventh aspect, the present invention provides a
kit for diagnosing or prognosing cancer or assessing a pre-
disposition to cancer, wherein said kit comprises any one or a
combination of:

(i) an isolated eukaryotic SSB protein or polypeptide,

(i1) an antibody or fragment thereof according to the third
aspect, and

(ii1) an oligonucleotide molecule suitable for use as a probe or
primer sequence, according to the sixth aspect.

[0075] Preferably, the kit comprises a primary antibody
which specifically binds with a human SSB protein or
polypeptide (especially anhSSB1 protein or polypeptide) and
a secondary antibody conjugated to a detectable label which
binds to said primary anybody.

[0076] The kit may further comprise various buffer solu-
tions as will be apparent to persons skilled in the art.

[0077] As mentioned above, homologues of the sequence
shown above as SEQ ID NO: 2 have been identified in other
divergent eukaryotic species.

[0078] Thus, in a further aspect, the present invention pro-
vides an isolated eukaryotic ssDNA binding (SSB) protein or
polypeptide comprising the following amino acid sequence:

(SEQ ID NO: 3)
R DR KB X KK REX R FIVLEX SaxT KO TR T KR XX KBV

RXXEXMURMDRORPROXP TR xS sx D% Oex kY1 % Pep 1% Y
RLTX2GYASX X X2 eLTLY R 2ax A x4 Pax Py Ex PR 16

EXA GCWXAHXA[EXAJXAKNXALS EPXAMXANXI GXA OXI 7X18QXAP

wherein

X4 is selected from F, L and P, X* is selected from V and 1, X>
is selected from K and R, X? is selected from 1 and V, X% is
selected from P and A, X€ is selected from L and S, X” is

selected from L and I, X is selected from N and S, X* is
selected from L, V and I, X° is selected from I, L and V, X% is
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selected from T, I and V, X7 is selected from R and V, X is
selected from V and A, X# is selected from K and V, X’ is
selected from D and E, X7 is selected from G and N, X* is
selected from H and R, X7 is selected from T, S and N, X% is
selected from C and F, X is selected from K and R, X" is
selected from A and G, X is selected from K, R and P, X% is
selected from T and S, X€ is selected from G and A, X% is
selected from S and C, X® is selected from N, T and A, X® is
selected from I and V, X7 is selected from V and I, X° is
selected from D and E, X*° is selected from V, I, L and P, X**
is selected from N, G, S and K, XY is selected from L and F,
X"is selected from Q and A, X*'is selected from P and T, X*
is selected from I and V, X** is selected from K and R, X*? is
selected from V, M, L and I, X'* is selected from F and W, X*
is selected from K and R, X#is selected from G and H, X2 is
selected from T and S, X< is selected from R and K, X*Z is
selected from G and N, X'? is selected from D and E, X“% is
selected from L and V, X*F is selected from Q and F, X is
selected from F and Y, X is selected from Y and F, X/ is
selected from S and N, X*/ is selected from V and S, X** is
selected from P and V, X% is selected from F and M, X is
selected from Nand K, X*"is P oris null, X*®is selected from
E and D or is null, X47 is selected from Y, L and R, X7 is
selected from S, R, N, I, Land A, X" ® is selected from T, G, A
and E, and X is selected from Q and A,

or a naturally occurring variant sequence thereof;

or an antigenic fragment thereof.

[0079] Preferably, the isolated eukaryotic SSB protein or
polypeptide is a mammalian SSB protein comprising the
following amino acid sequence:

(SEQ ID NO: 10)
FX DX KXPGLKNLNX X F I VLEX *GRVTK TXKDGHEVRX 'CKVADX.

TESIX ISVWDX X e ' L 10X " GD I IRLTX G YASX P XY KGCLT
LYTGRGCX ’LOKIGEF CMVY SEVPNESEPNPX ovX ! 7% 800

wherein

X is selected from V and I, X is selected from K and R, X°
is selected from I and V, X? is selected from P and A, X* is
selected from L and V, X is selected from I and V, X6 is
selected from T and I, X is selected from T and S, X is
selected from K and R, X® is selected from N and T, X® is
selected from D and E, X' is selected from V and L, X*' is
selected from N and G, X is selected from P and T, X** is
selected from K and R, X*? is selected from V and M, X** is
selected from F and W, X'? is selected from D and E, X'® is
selected from E and D, X' is selected from S, R and N, and
X is selected from T and G,

or a naturally occurring variant sequence thereof;

or an antigenic fragment thereof.

[0080] In a still further aspect, the present invention pro-
vides a polynucleotide molecule or oligonucleotide molecule
comprising a nucleotide sequence encoding all or part (e.g. a
biologically active fragment or antigenic fragment) of a
eukaryotic SSB protein or polypeptide comprising an amino
acid sequence as shown above as SEQ 1D NO: 3 or SEQ ID
NO: 10, and/or the complementary sequence thereto.

[0081] Such a polynucleotide molecule or oligonucleotide
molecule may be used, for example, in the production of
animal or cell line models of cancer which, in turn, might be
used for screening cancer treatments and candidate anti-can-
cer agents. For example, an oligonucleotide molecule may be
operably linked to a U6 or H1 RNA polymerase I11 promoter
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sequence, and introduced into a host (e.g. a recipient cell line
or animal) to produce siRNA targeted to the relevant SSB
gene, thereby generating a SSB-deficient or -depleted host.
[0082] The present invention further extends to an antibody
or fragment thereof which specifically binds to a eukaryotic
SSB protein or polypeptide comprising an amino acid
sequence substantially corresponding to the amino acid
sequence shown as SEQ 1D NO: 4 or SEQ ID NO: 10, or a
naturally occurring variant thereof. Still further, the present
invention extends to akit for diagnosing or prognosing cancer
or a disposition to cancer, wherein the kit comprises any one
or a combination of:

(1) an isolated eukaryotic SSB protein or polypeptide,

(ii) an antibody or fragment thereof according which specifi-
cally binds to a eukaryotic SSB protein or polypeptide, and
(iil) an oligonucleotide molecule suitable for use as a probe or
primer sequence, comprising a nucleotide sequence encoding
all or part of a eukaryotic SSB protein or polypeptide com-
prising an amino acid sequence as shown above as SEQ 1D
NO: 4 or SEQ ID NO: 10, and/or the complementary
sequence thereto.

[0083] The present invention is hereinafter further
described by way of the following, non-limiting examples
and accompanying figures.

EXAMPLES
Example 1

Identification and Characterisation of Novel Protein
hSSB1

Methods and Materials

[0084] Plasmids, recombinant protein purification, cell
lines and siRNA GFP-hSSB1 fusion protein was expressed
from pEGFPc1 as described previously (Pierce et al., 1999)
and Rodrigue et al., 2006). Recombinant His-tagged hSSB1
was expressed from pET28c¢ and pDEST17 respectively, in
BL21 cells (Stratagene, La Jolla, Calif., United States of
America). For purification of recombinant protein, BL.21
cells were lysed in Ni A buffer (50 mM KC1, 50 mM KH,PO,,
10 mM imidazole, 20 mM p-mercaptoethanol, 10% w/v glyc-
erol, 1 mg/ml lysozyme, S mM EDTA, and Complete Mini
EDTA-free Protease inhibitor cocktail tablets). The resulting
extract was diluted to 1 mM EDTA and passed over Qiagen
Ni-NTA Superflow resin. The resin was washed with Ni A
buffer and bound protein eluted in Ni B buffer (50 mM KCl,
50 mM KH,PO,, 100 mM imidazole, 20 mM f-mercaptoet-
hanol, 10% w/v glycerol). The eluate was then passed over
GE Healthcare HiTrap Heparin HP and washed with Buffer A
(25 mM Tris pH 8.0, 100 mM NaCl, 1 mM DTT, and 10% w/v
glycerol). Protein was then eluted in Buffer A containing 1 M
NaCl. 1 ml of the most concentrated fraction was passed over
a Superdex 200 column and fractions containing the protein
aliquoted and stored at —80 degrees.

[0085] Small interfering RNAs (siRNA) were synthesised
by Invitrogen (Invitrogen Corporation, Carlsbad, Calif,
United States of America). The target sequences were
hSSB1-GACAAAGGACGGGCATGAG (SEQ ID NO: 8),
ATM-GCGCCTGATTCGAGATCCU (SEQ IDNO: 11) and
control-UUCUCCGAACGUGUCACGU (SEQ ID NO: 12).

Antibodies and Immunofluorescence

[0086] Antibodies were supplied by Calbiochem (Rad50,
Mrel1,Rad51), Upstate (yH2AX), Roche (BRDU), Cell Sig-
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nalling Technologies (pT68-11 Chk2, pS317-Chkl, pS15-
p53) and Invitrogen (Alexa secondary antibodies). Sheep
antiserum to hSSB1 was raised against full-length recombi-
nant His-tagged hSSB1 using standard methods. Rabbit anti-
serum was raised against a phosphorylated peptide represent-
ing the TI117 hSSB1 phosphorylation site (i.e.
NPEYSpTQQAPN; SEQID NQ: 5). This antibody was used
to detect hSSB1 by Western blotting and immunofluores-
cence.

[0087] Forimmunofluorescent staining, cells were pre-per-
meabilised with 20 mM HEPES, 120 mM KCl, 0.5% NP40
(w/v) for 15 min on ice prior to fixation in 4% paraformalde-
hyde (w/v) in phosphate buffered saline (PBS) for 10 minutes.

Assays

[0088] MTT assays were performed 48 hrs following ion-
ising radiation (IR) according to methods described by
Slavotinek et al. (1994). G, /S checkpoint was measured using
the BrdUrd incorporation assay as described by Fabbro,
2004. For analysis of chromosomal aberrations at metaphase,
exponentially growing cells were treated with 2 Gy of IR.
Colcemid was added at various time points. Cells at
metaphase were collected and chromosomal aberrations were
scored as described previously (Pandita et al., 2006).

[0089] For MRN binding assays, protein complexes con-
taining 50 ng of biotinylated NBS1 were incubated with
Promega Streptavidin MagneSphere Paramagnetic Particles
in buffer A (25 mM Tris pH 8.0, 100 mM NaCl, 1 mM DTT,
0.1% CHAPS, and 10% w/v glycerol) for 1 hr at room tem-
perature. Beads were thenisolated and placedina fresh 1.5 ml
microcentrifuge tube. 130 ng of hSSB1 in buffer A was incu-
bated with the MRN bound beads for 30 minutes. The beads
were washed three times with buffer A. Bound proteins were
eluted with SDS loading buffer and immunoblotted with anti-
hSSBI1 antibodies. The appearance of ssDNA was detected
using a BrdUrd incorporation assay by incubating cells with
BrdUrd (10 ug/ml) for 30 hours as per Raderschall et al.
(1999).

[0090] EMSA assays were conducted as previously
described (Wadsworth et al., 2000).

Results and Discussion

[0091] Database Mining for a Novel Single Stranded Bind-
ing Protein, hSSB1

[0092] Using the S. solfataricus SSB amino acid sequence,
the human genome sequence was interrogated using the
BLAST algorithm (NCBI http://www.ncbinlm.nih.gov/
BLASTY/). This revealed the presence of two highly conserved
sequence homologues of S. solfataricus SSB (FIG. 1), present
on chromosomes 2q13.3 and 2q32.3 respectively, which have
been designated hSSB1 (i.e. human ssDNA binding protein
1) and hSSB2 (i.e. human ssDNA binding protein 2). Both
proteins have a highly conserved N-terminal OB-fold
domain, followed by a variable region with no predicted
structure and a conserved C-terminal tail. Gel filtration data
indicated thathSSB1 exists in a dimeric form in solution (data
not shown). The database mining also revealed that homo-
logues for both the hSSB1 and hSSB2 genes exist in other
mammals, and single homologues were located in other
divergent eukaryotic species (i.e. Xenopus laevis, Danio rerio
and Drosophila melanogaster)(see FIG. 1).

hSSBI1 Binding of ssDNA

[0093] Recombinant hSSB1 cDNA was cloned to generate
an N-terminal His tag. The resulting His-tagged recombinant
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hSSB1 was expressed in Escherichia coli. The capacity for
this protein to bind ssDNA was confirmed in vitro by EMSA
as shown in the upper lanes of FIG. 2. Further, the capacity for
binding during replication was demonstrated by conducting
assays in the presence of a synthetic replication fork (lower
lanes of FIG. 2). These results confirm that hSSB1 functions
as a DNA binding protein. Moreover, these results when
considered in combination with the observation of structural
similarities to existing SSB proteins, strongly indicates a role
for hSSB1 in DNA replication and repair.

Overexpression of hSSB1 in Response to DNA Damage

[0094] To gain further insight into the function of hSSBI,
polyclonal antibodies against hNSSB1 were raised and affinity
purified to investigate hSSB1 expression. In human neonatal
foreskin fibroblasts (NFFs), the antibody recognised a band
of approximately 36 kDa. The specificity of this protein was
confirmed by pre-treatment with hSSB1-specific siRNA oli-
gonucleotides and control siRNAs. The results showed
diminished signal intensity in cells treated with hSSB1 spe-
cific siRNA oligonucleotides but not control siRNAs (data
not shown).

[0095] To investigate the involvement of hSSB1 in the cel-
lular response to DNA damage, NFFs were treated with dif-
ferent genotoxic agents, including IR and UV radiation. NFFs
exposed to IR (6 Gy) or UV (20 mJ/m?2) were extracted and
hSSB1 was analysed by Western immunoblotting using affin-
ity purified polyclonal anti-hSSB1 antibody. Cells were har-
vested at 0,0.5,1, 1.5, 2, and 3 hour time points. FIG. 3 shows
the overexpression of hSSB1 in the presence of DNA dam-
aging agents with a dose dependent response of hSSB1 to IR
and UV. Following UV exposure, the characteristic dose
dependent response appeared to cease after 1.5 hours, which
is probably caused by DNA damage-induced impairment in
cell function or cell death. These results indicate a role for
hSSB1 in DNA replication or repair.

IR Sensitivity in hSSB1 Deficient Cells

[0096] To assess the effect of suppressing hSSB1 function
on the cellular response to DNA damage, NFFs were trans-
fected with hSSB1-specific siRNA and control siRNA. Over-
all levels of hSSB1 were reduced by >90% compared to
control cells and a substantial increase in IR-induced cell
death was observed. Also, irradiated hSSB1-deficient cells at
metaphase displayed a higher frequency of spontaneous chro-
mosomal aberrations, which were rapidly accumulated (FIG.
4). These represented a statistically significant increase in the
number of chromosomal aberrations (i.e. chromosome
breaks, chromatid breaks and fragments thereof) compared
with cells transfected with control siRNA.

[0097] FIG. 5 shows the frequencies of spontaneous and IR
(2 Gy) induced chromosomal aberrations in control and
hSSB1-deficient cells. Fifty metaphases for each sample
were analysed for chromosomal aberrations, both chromatid
and chromosomal aberrations were observed, in hSSB1-de-
ficient cells. The results obtained were the mean of three
independent experiments. The incidence of metaphase aber-
rations following IR was increased in hSSB1-deficient cells
from approximately 1.4 aberrations in control cells to
approximately 3.7 aberrations with hSSB1 specific siRNA.
The accumulation of spontaneous DNA damage could also be
observed in the absence of externally applied DNA damaging
agents in the hSSB1-deficient control cells. These cells
showed approximately 0.6 aberrations, while cells with func-
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tional hSSB1 showed almost no aberrations. Taken together,
these results indicate that hSSB1 plays a functionally impor-
tant role in allowing cells to repair genotoxic damage and
maintain chromosome stability during the cell cycle.

hSSB1 Mediated Arrest of DNA Replication Following DNA
Damage

[0098] The integrity of cell cycle checkpoints in the NFF
cells was also investigated. The G,/S checkpoint was mea-
sured by staining cells with BrdUrd in the absence or presence
of IR (Fabbro, M., (2004)). Cells were transfected with a
control siRNA and hSSB1-specific siRNA and harvested 48
hrs later. Cells either remained untreated or were irradiated
with 6 Gy IR and then incubated for 16 hrs before being
pulsed for 30 min with BrdUrd (10 ug/ml). Cells were sub-
sequently stained with anti-BrdUrd-FITC antibodies and pro-
pidium iodide and then analysed by flow cytometry. In control
siRNA treated cells, there was a >50% reduction in BrdUrd
incorporation after IR (FIG. 6, the boxed area indicates pet-
centage of BrdU positive cells), illustrating an efficient arrest
at the G /S checkpoint. Strikingly, BrdUrd incorporation was
not significantly affected in hSSB1-deficient cells after IR,
indicating a clear defect in the G,/S checkpoint.

Dose Dependent Cell Death from DNA Damaging Agents
[0099] The functional consequences of treating human
NFFs deficient in hSSB1 with IR were ascertained by MTT
clonogenic survival assays. In these assays, NFF cells were
treated with hSSB1 siRNA 48 hours prior to treatment with
IR at0,0.5,1, 2 and 5 Gys. Cells were then allowed to grow
for a further 36 hours before rates of metabolism were mea-
sured by the MIT assay. Consistent with the chromosomal
instability observed from metaphase aberrations, sensitivity
to IR in hSSB1 deficient cells was reflected by a reduction in
cell survival (FIG. 7). A dose dependent relationship was
observed between IR dose and cell survival, indicating a
direct relationship between DNA damage accrued in the
absence of functional hSSB1, and cell death.

hSSBI Localisation to Foci Following DNA Damage
[0100] To further investigate the role of hSSB1 in the DNA
damage response, immunofluorescence studies were carried
out. In particular, NFFs with or without prior treatment with
IR (6Gy) were extracted with detergent prior to permeabili-
sation, and then immunostained with anti-hSSB1 antibody
for hSSB1 detection. Slides were viewed with a Bio-Rad
confocal laser microscope. In FIG. 8, unirradiated cells
showed weak nuclear staining with a rapid increase in hSSB1
levels evident within the nucleus following IR exposure. Pre-
fixative detergent extraction revealed that hSSB1 becomes
localised to prominent nuclear foci within 30 minutes of DNA
damage (FIG. 9) with foci still present up to 8 hours later.
Focus formation was also seen to be dose-dependent, with the
average number of hSSB1 foci per cell increasing with IR
dosage (data not shown). It is therefore clear that hSSB1 is
rapidly recruited to DNA repair foci after DNA damage by IR,
further indicating a role for the protein in DNA damage
response.

hSSB1 Colocalises with y-H2AX

[0101] It is known that phosphorylation of histone H2AX
(y-H2AX) 1s essential to the efficient recognition and repair of
double strand breaks (DSBs) (i.e. H2AX becomes rapidly
phosphorylated at the site of each nascent DSB; Burma et al.,
2001). Further immunoflourescence studies were therefore
carried out with a polyclonal antibody to y-H2AX (Upstate
Biotechnology) with the results viewed by sequential scan-
ning of the two emission channels used (FIG. 9). hSSB1 foci
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showed striking co-localisation with foci formed by the phos-
phorylated H2AX complex (y-H2AX). hSSB1 was also seen
to be recruited to and co-localises with y-H2AX at an 1-Scel
induced chromosomal double strand break. This shows a
response by hSSB1 to DSBs that is analogous to y-H2AX,
possibly resulting from either a indirect or direct association
with y-H2AX.

hSSBI1 Colocalises with MRN Proteins

[0102] Recently, a short peptide motif in the C-terminus of
Nijmegen Breakage protein (Nbs1),a component of the MRN
complex, was shown to mediate recruitment of ATM to sites
of DSBs, leading to the activation of ATM (Falck et al., 2005).
The MRN complex also localises to nuclear foci upon DSB
induction. To determine whether hSSB1 co-localises with the
components of the MRN complex after DNA damage, locali-
sation of hSSB1 and components of the MRN complex were
examined in undamaged cells and in cells treated with IR.
Co-localisation of hSSB1 with foci formed by Rad50 and
Mrell in NFF cells was analysed 1 hour after irradiation at 6
Gy. FIG. 10 shows that damage-induced hSSB1 clearly co-
localises with Rad50 and Mrell indicating that hSSB1 is
required to recruit the MRN complex to foci and for resection
of DSBs and HR repair.

Recruitment of DNA Damage Response Molecules by
hSSBI

[0103] To test whether hSSB1 recruits the MRN complex
and other proteins to foci, immunofluorescence studies were
conducted with antibodies against NBS1 (Queensland Insti-
tute of Medical Research, Herston, QLD, Australia), Rad50
(Calbiochem), and y-H2AX in NFFs transfected with hSSB1-
specific siRNA and control siRNA. 48 hours after siRNA
transfection, cells were irradiated and left to recover for 1
hour prior to fixation and immunostaining with anti-NBS1,
anti-Rad50, anti-Rad51 and anti-y-H2AX antibodies. This
revealed that cells in which hSSB1 was depleted (i.e. cells
treated with hSSBl-specific siRNA), were markedly
impaired in their ability to form NBS1, Rad50, Rad51 and
H2AX foci within 1 hour after IR (FIGS. 11, 12 and 13),
whereas MRN and H2AX foci formed normally in control
siRNA transfected cells. This shows that the MRN and H2AX
response to DNA damage is dependent on hSSB1 activity. It
was noted that abrogation of MRN and H2AX foci was not
complete, suggesting that either the siRNA treatment leaves
residual, functional hSSB1 capable of limited focus forma-
tion, or that a partly-redundant pathway exists to localise
these proteins.

hSSBI Initiates Cell Cycle Regulators

[0104] To gaininsight into the mechanism by which hSSB1
mediates G,/S damage activated cell cycle checkpoints,
hSSBI1 depleted NFF cells were assessed for their ability to
phosphorylate key effector molecules known to be critical for
efficient checkpoint activation after IR. That is, NFFs were
transfected with hSSB1-specific siRNA or control siRNA,
irradiated 48 hours later and left to recover for 30 minutes
before cell extraction. Cell lysates were then immunoblotted
with ATM (GeneTex, Inc., San Antonio, Tex., United States of
America), NBS 5343 (Queensland Institute of Medical
Research, Herston, QLD, Australia), p53 Serl5, Chkl
Ser317, Chk2 Thr68 (Cell Signalling Technologies), y-H2AX
antibodies (Upstate Biotechnology) and control antibodies
for actin (Sigma) and hSSB1. As expected, the irradiation of
cells expressing the control siRNA led to the autophosphory-
lation of ATM and phosphorylation of the ATM targets p53,
Chkl, Chk2, NBS1 and y-H2AX (FIGS. 14 and 15). How-
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ever, exposure of parallel cultures of NFFs transfected with
hSSB1-specific siRNA to IR did not induce a similar degree
of phosphorylation of these proteins indicating that hSSB1 is
required for DNA damage induced activation of ATM and for
the phosphorylation of downstream targets. These results
indicate that the damage response in cells deficient in hSSB1
is impaired, implicating hSSB1 as a critical regulator of the
DNA damage response pathway.

hSSBI1 Localised to Double Stranded Breaks

[0105] In order to study hSSBI recruitment for repair of a
single lesion, the MCF7 cells with stably integrated pDR-
GFP plasmid, DR-GFP (Pierce et al., 1999) was used. This
cell line contains a stably-integrated plasmid with a modified
GFP gene in which an I-Scel cleavage site has been engi-
neered, such that a unique DSB can be created in a known
nucleotide sequence. Following transfection of MCF7DR-
GFP with the I-Scel plasmid, a single focus of hSSB1 was
visible which was not apparent in the absence of I-Scel
expression. As previously discussed, this focus co-localised
with yH2AX. Real-time PCR on chromatin immunoprecipi-
tation (ChIP) samples was carried out using primers directed
at 94-378 nucleotides from the DSB. The enrichment of
hSSBI1 following induction of the DSB was compared to that
of an IgG control (normalised with an internal control
towards a locus elsewhere in the genome) to provide the
increase in enrichment relative to baseline (FIG. 16). The
experiment was repeated three times and PCR reactions were
performed in duplicate on each occasion. ChIP revealed that
hSSBI1 binds between 94 and 378 by to the I-Scel induced
DSB in vivo. This relative proximity suggests thathSSB1 has
a direct role in repairing DNA.

hSSB1 in Homologous Recombination Repair

[0106] From previous studies, it was known thathSSB1 and
Rad51 do not interact directly (data not shown), therefore the
observed reduction in Rad51 foci formation by hSSB1-spe-
cific siRNA mediated down-regulation of hSSB1 was unex-
pected (FIG. 12). It was reasoned that the defect in Rad51 foci
formation might be dueto a defect in the generation of ssDNA
formed after resection of DSBs. The ssDNA/Rad51 nucle-
oprotein filament mediates homology searches and invades
intact homologous duplex DNA to form Holliday junction
recombination intermediates, before branch migration and
resolution restores the broken DNA sequence. Accordingly,
the appearance of ssDNA was studied using a BrdUrd incor-
poration assay. 24 hours after siRNA-transfection, cells were
incubated with BrdUrd (10 ug/ml) for 30 hours and stained to
visualise ssDNA following irradiation (6 Gy). In response to
1R, 33% of control siRNA treated cells showed BrdUrd foci
formation whereas most of the hSSB1-depleted cells did not
exhibit ssDNA foci formation (FIG. 4e). These findings indi-
cate a possible defect in homologous recombination (HR)
repair in hSSB1-deficient cells, since the generation of
ssDNA after DNA damage is a prerequisite for this type of
repair.

hSSB1 is Overexpressed in Homologous Recombination
Repair

[0107] In order to quantify hSSB1 induced HR repair,
reconstitution of a green fluorescent protein reporter gene
(pDR-GFP) within a chromosomally integrated plasmid sub-
strate in cells with or without the silencing of hSSB1 gene
expression, was assayed as described previously (Pierceetal.,
1999 and Zhang, et al., 2005). To detect HR repair of an
induced chromosomal DSB, the I-Scel expression vector
(pCBSCE) was transfected transiently into MCF7 cells con-
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taining a stably-integrated pDR-GFP plasmid (MCF7
DRGFP cells) 24 hours after siRNA transfection. 48 hours
after pCBSCE transfection, FACS analysis was carried out to
quantify GFP positive cells. The results shown in FIG. 18 are
the average of three independent experiments and error bars
indicate the standard deviation.

[0108] Treatment of I-Scel positive MCF7 DRGFP cells
with the hSSB1 specific siRNA reduced the number GFP
positive cells (i.e. the relative homologous recombination
repair events), compared to treatment with control siRNA
(FIG. 18). This decrease was not attributed to the differences
in transient transfection expression frequencies between
cells, as the number of GFP positive cells obtained after
transfection with pEGFP, containing the full-length cDNA of
GFP, were comparable in hSSB1-depleted and control cells.
Taken together, the results show thathSSB1 performs an early
role in the initiation of HR by promoting efficient resection of
DSBs. The resection defect in the absence of hSSB1 may, in
part, be due to a failure to recruit the MRN complex to sites of
DSBs. However, it is currently unknown whether the MRN
complex provides the nucleolytic activity required for DSB
processing. Itis also thought thatunidentified nucleases other
than Mrel1 may also participate in DSB resection in mitotic
cells (Tsubouchi et al., 2000). Alternatively, hSSB1 may be
required to maintain the stability of generated ssDNA ends.

Example 2

hSSBI1 Expression as a Marker for Tumours, Can-
cers and Cancer Predisposition

[0109] Thework and results describedin Example 1 clearly
demonstrate that hSSB1 is the central component of the
homologous DNA repair pathway responsible for repairing
double stranded DNA breaks. As shown, the loss of hSSBI in
primary fibroblasts results in the loss of the cell’s ability to
initiate DNA damage signalling pathways and initiate
homologous recombination repair following exposure to
DNA damaging agents. This, in turn, results in chromosomal
instability, the accumulation of spontaneous mutation and
eventually cell death. As chromosomal aberrations are
observed at G,/S phases of cell replication (FIG. 3), these
aberrations are inherited in daughter cells and have the poten-
tial to metastisise in vivo. Accordingly, experimentation was
undertaken to investigate cells transformating from normal
cells to tumours to determine whether the observed expres-
sion patterns differ in normal, pre-tumour and tumour cells.

Methods and Materials

[0110] hSSB1 Expression During Cellular Transformation
[0111] MCF10A series of cell lines were obtained from
Barbara Ann Karmanos Cancer Institute (Detroit, Mich.,
United States of America). It consists of immortal MCF10A
line (from a woman with fibrocystic disease, transformed
MCF10AT (MCF10A transfected with T24 Ha-ras) with
potential for neoplastic progression, and a fully malignant
MCF10CA. Tumour and pre-tumour cells were subsequently
assayed for hSSB1 expression by Western immunoblotting
using the affinity purified polyclonal anti-hSSB1 antibody
described in Example 1.

hSSBI Function in Tumour Cell Lines

[0112] 300 breast tumour and 140 bowel cancer tissue
samples were obtained from Professor Lakham (Medical
School, Herston, QLD, Australia) and Professor Leggett
(Royal Brisbane Hospital, QLD, Australia). hSSB1 expres-
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sion in these samples was assessed by staining tissue sections
with the polyclonal anti-hSSB1 antibody described in
Example 1 using standard methods.

Results and Discussion

[0113] hSSB1 Expression During Cellular Transformation
[0114] Tert-immortalised mammary epithelial cells
(MEC), or spontaneously immortalised MEC from fibrosar-
coma patients, show a very low level of SSB1 expression.
Expression is still low in pre-malignant Ras-transformed
cells, however malignant MEC which form tumours in mice,
showed significantly elevated levels of hSSB1 expression
(data not shown).

hSSB1 Function in Tumour Cell Lines

[0115] The functional consequences of hSSB1 suppression
in cancer cell lines, HeLa (cervical cancer) and 2937 (kidney
cancer) were investigated by transfection with hSSB1-spe-
cific siRNA and control siRNA. While hSSB1-specific
siRNA was not fatal to control cells (as shown above), HelLa
and 293T cells could not tolerate hSSB1 deficiency during
normal growth conditions, rapidly entering into apoptosis. In
these cell lines, hSSB1 is overexpressed with respect to
hSSBI deficient NFF cells. As cancer is well known to initiate
chromosomal rearrangements, the observed differences
between primary cells and cancer cells may result from a
greater frequency of endogenous DNA damage events occur-
ring within cancer cells. Alternatively, they may result from
the inability to repair DNA damaged caused by normal cel-
lular processes and oxidative stress. This, in addition to the
loss of hSSB1 and hence the ability to initiate DNA damage
signalling pathways, is a likely cause of rapid cell death.
[0116] Inthe light of these findings, hSSB1 expression was
studied in over 300 breast tumour and about 140 bowel cancer
tissue samples, taken from historical tissue collections, and
compared with the patient history to determine the effective-
ness of hSSB1 as a diagnostic and prognostic marker. Tissue
samples were stained for hNSSB1 and assessed by a consultant
pathologist. Over 80% of the tumours were independently
classed as hSSBI positive and, as shown in FIG. 19, those
tissue samples showing hSSB1 expression following staining
indicated a poorer prognostic outcome in patients, in com-
parison with patients not showing positive hSSB1 staining.
Further, the prognostic outcome of patients producing tissue
samples showing both nuclear and cytoplasmic staining for
hSSB1 was poorer than that of patients positive for hSSB1
staining in the cell nucleus only.

Intracellular Localisation of hSSB1 Expression

[0117] As shown about, the results obtained from all of the
screened breast tumour tissue samples were correlated with
patient pathology data which showed expression rates to be
statistically linked to patient prognosis. Further statistical
analysis indicated that the intracellular location of hSSB1
expression may also act as a predictor of patient outcome,
therefore demonstrating considerable potential for use as a
prognostic tool. That is, in some of the tumour tissue samples,
cytoplasmic as well as nuclear staining was observed for
hSSBI, and this appears to correlate with a worse patient
survival outcome than detection of nuclear staining alone.
While not wishing to be bound by theory, it is considered that
tumours showing cytoplasmic staining may represent cells
with much higher levels of hSSBI1 expression, therefore
accounting for the prognostic potential of cellular staining.
[0118] Throughout this specification the word “comprise”,
or variations such as “comprises” or “comprising”, will be
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understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of
elements, integers or steps.

[0119] All publications mentioned in this specification are
herein incorporated by reference. Any discussion of docu-
ments, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the
purpose of providing a context for the present invention. It is
not to be taken as an admission that any or all of these matters
form part of the prior art base or were common general
knowledge in the field relevant to the present invention as it
existed in Australia or elsewhere before the priority date of
each claim of this application.

[0120] It will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be
considered in all respects as illustrative and not restrictive.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa is selected from Val
<220> FEATURE:

«<221> NAME/KEY: VARIANT

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa is selected from Lys
<220> FEATURE:

«<221> NAME/KEY: VARIANT

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa is selected from Ile
<220> FEATURE:

«221> NAME/KEY: VARIANT

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa is selected from Leu
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: (21)..(21)

is selected from

and Ile

and Arg

and Val

and Val

Ile and Val
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-continued

<223> OTHER INFORMATION: Xaa is selected from Thr and Ile
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (35)..(35)

<223> OTHER INFORMATION: Xaa is selected from Thr and Ser
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (46)..(46)

<223> OTHER INFORMATION: Xaa is selected from Asn and Thr
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (52)..(52)

<223> OTHER INFORMATION: Xaa is selected from Asp and Glu
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (53)..(53)

<223> OTHER INFORMATION: Xaa is selected from Val and Ile
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (55)..(55)

<223> OTHER INFORMATION: Xaa is selected from Asn and Gly
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (67)..(67)

<223> OTHER INFORMATION: Xaa is selected from Lys and Arg
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (72)..(72)

<223> OTHER INFORMATION: Xaa is selected from Val and Met
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (73)..(73)

<223> OTHER INFORMATION: Xaa is gelected from Phe and Try
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (86)..(86)

<223> OTHER INFORMATION: Xaa is gelected from Asp and Glu
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (109)..(109)

<223> OTHER INFORMATION: Xaa is selected from Glu and Asp
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (111)..(111)

<223> OTHER INFORMATION: Xaa is selected from Ser and Arg
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (112)..(112)

<223> OTHER INFORMATION: Xaa is selected from Thr and Gly

<400> SEQUENCE: 1

Phe Xaa Xaa Asp Xaa Lys Pro Gly Leu Lys Asn Leu Asn Xaa Xaa Phe
1 5 10 15

Ile Val Leu Glu Xaa Gly Arg Val Thr Lys Thr Lys Asp Gly His Glu
20 25 30

Val Arg Xaa Cys Lys Val Ala Asp Lys Thr Gly Ser Ile Xaa Ile Ser
35 40 45

Val Trp Asp Xaa Xaa Gly Xaa Leu Ile Gln Pro Gly Asp Ile Ile Arg
50 55 60

Leu Thr Xaa Gly Tyr Ala Ser Xaa Xaa Lys Gly Cys Leu Thr Leu Tyr
65 70 75 80

Thr Gly Arg Gly Gly Xaa Leu Gln Lys Ile Gly Glu Phe Cys Met Val
Tyr Ser Glu Val Pro Asn Phe Ser Glu Pro Asn Pro Xaa Tyr Xaa Xaa
100 105 110

Gln Gln
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<210> SEQ ID NO 2

<211> LENGTH: 211

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Thr Thr Glu Thr Phe Val Lys Asp Ile Lys Pro Gly Leu Lys Asn
1 5 10 15

Leu Asn Leu Ile Phe Ile Val Leu Glu Thr Gly Arg Val Thr Lys Thr
20 25 30

Lys Asp Gly His Glu Val Arg Thr Cys Lys Val Ala Asp Lys Thr Gly
35 40 45

Ser Ile Asn Ile Ser Val Trp Asp Asp Val Gly Asn Leu Ile Gln Pro
50 55 60

Gly Asp Ile Ile Arg Leu Thr Lys Gly Tyr Ala Ser Val Phe Lys Cly
65 70 75 80

Cys Leu Thr Leu Tyr Thr Gly Arg Gly Gly Asp Leu Gln Lys Ile Gly
85 90 85

Glu Phe Cys Met Val Tyr Ser Glu Val Pro Asn Phe Ser Glu Pro Asn
100 105 110

Pro Glu Tyr Ser Thr Gln Gln Ala Pro Asn Lys Ala Val Gln 2Zsn Asp
115 120 125

Ser Asn Pro Ser Ala Ser Gln Pro Thr Thr Gly Pro Ser Ala 2la Ser
130 135 140

Pro Ala Ser Glu Asn Gln Asn Gly Asn Gly Leu Ser Ala Pro Pro Gly
145 150 155 160

Pro Gly Gly Gly Pro His Pro Pro His Thr Pro Ser Hig Pro Pro Ser
165 170 175

Thr Arg Ile Thr Arg Ser Gln Pro Asn His Thr Pro Ala Gly Pro Pro
180 185 190

Gly Pro Ser Ser Asn Pro Val Ser Asn Gly Lys Glu Thr Arg Arg Ser
195 200 205

Ser Lys Arg
210

<210> SEQ ID NO 3

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222 LOCATION: (1)..(1)

<223> OTHER INFORMATION: Xaa is gselected from Phe, Leu and Pro
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222 LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa ig selected from Val and Ile
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222 LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa is selected from Lys and Arg
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa ig selected from Ile and Val
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Xaa ig selected from Pro and Zla
«<220> FEATURE:

<221> NAME/KEY: VARIANT
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<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa is selected from Leu and Ser
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Xaa is selected from Leu and Ile
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: Xaa is selected from Asn and Ser
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (14)..(14)

«223> OTHER INFORMATION: Xaa is selected from Leu, Val and Ile
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (15)..(15)

«223> OTHER INFORMATION: Xaa is selected from Ile, Leu and Val
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (21)..(21)

«223> OTHER INFORMATION: Xaa is selected from Thr, Ile and Val
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: Xaa is selected from Arg and Val
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (24)..(24)

<223> OTHER INFORMATION: Xaa is selected from Val and Ala
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: Xaa is selected from Lys and Val
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (29)..(29)

<223> OTHER INFORMATION: Xaa is gelected from Asp and Glu
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (30)..(30)

<223> OTHER INFORMATION: Xaa is selected from Gly and Asn
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (31)..(31)

<223> OTHER INFORMATION: Xaa is selected from His and Arg
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (35)..(35)

<223> OTHER INFORMATION: Xaa is gelected from Thr, Ser and Asn
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (36)..(36)

<223> OTHER INFORMATION: Xaa is selected from Cys and Phe
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222 LOCATION: (37)..(37)

<223> OTHER INFORMATION: Xaa ig selected from Lys and Arg
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: Xaa is selected from Ala and Gly
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (41)..(41)

<223> OTHER INFORMATION: Xaa is selected from Lys, Arg and Pro
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (42)..(42)

<223> OTHER INFORMATION: Xaa is selected from Thr and Ser
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (43)..(43)

<223> OTHER INFORMATION: Xaa ig selected from Gly and Zla
«<220> FEATURE:

<221> NAME/KEY: VARIANT
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-continued

<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
«222>
<223>
<220>
«221>
«222>
<223>
«220>
«221>

LOCATION: (44)..(44)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (46)..(46)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (47)..(47)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (49)..(49)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (52)..(52)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (53)..(53)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (55)..(55)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (56)..(56)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (58)..(58)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (59)..(59)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (63)..(63)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (67)..(67)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (72)..(72)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (73)..(73)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (74)..(74)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (75)..(75)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (81)..(81)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (83)..(83)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (84)..(84)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT

is

is

is

is

is

is

is

is

is

is

is

is

is

is

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

from

from

from

from

from

from

from

from

from

from

from

from

from

from

Ser and Cys

Asn, Thr and Ala

Ile and Val

Val and Ile

Asp and Glu

Val, Ile, Leu and Pro

Asn, Gly, Ser and Lys

Leu and Phe

Gln and Ala

Pro and Thr

Ile and Val

Lys and Arg

Val, Met, Leu, and Ile

Phe and Try

s selected from Lys and Arg

is

is

is

is

selected

selected

selected

selected

from

from

from

from

Gly and His

Thr and Ser

Arg and Lys

Gly and Asn
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<222> LOCATION: (86)..(86)

<223> OTHER INFORMATION: Xaa is selected from Asp and Glu
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (87)..(87)

<223> OTHER INFORMATION: Xaa is selected from Leu and Val
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (88)..(88)

<223> OTHER INFORMATION: Xaa is selected from Gln and Phe
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (93)..(93)

<223> OTHER INFORMATION: Xaa is selected from Phe and Tyr
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (97)..(97)

<223> OTHER INFORMATION: Xaa is selected from Tyr and Phe
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (98)..(98)

<223> OTHER INFORMATION: Xaa is selected from Ser and Asn
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (100) .. (100)

<223> OTHER INFORMATION: Xaa is selected from Val and Ser
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (101)..(101)

<223> OTHER INFORMATION: Xaa is selected from Pro and Val
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (103)..(103)

<223> OTHER INFORMATION: Xaa is selected from Phe and Met
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (107)..(107)

<223> OTHER INFORMATION: Xsa is selected from Asn and Lys
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (108)..(108)

<223> OTHER INFORMATION: Xaa is Pro or null

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (109)..(109)

<223> OTHER INFORMATION: Xaa is selected from Glu and Asp or is null
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (110)..(110)

<223> OTHER INFORMATION: Xaa is selected from Tyr, Leu and Arg
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (111)..(111)
<223> OTHER INFORMATION: Xaa is selected from Ser, Arg, Asn, Ile, Leu
and Ala

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (112)..(112)

<223> OTHER INFORMATION: Xaa is selected from Thr, Gly, Alal and Glu
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (114)..(114)

<223> OTHER INFORMATION: Xaa isg selected from Gln and Zla

<400> SEQUENCE: 3

Xaa Xaa Xaa Asp Xaa Lys Xaa Gly Xaa Lys Asn Xaa Xaa Xaa Xaa Phe
1 5 10 15

Ile Val Leu Glu Xaa Gly Xaa Xaa Thr Xaa Thr Lys Xaa Xaa Xaa Glu
20 25 30

Val Arg Xaa Xaa Xaa Val Xaa Asp Xaa Xaa Xaa Xaa Ile Xaa Xaa Ser
35 40 45

Xaa Trp Asp Xaa Xaa Gly Xaa Xaa Ile Xaa Xaa Gly Asp Ile Xaa Arg
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50 55 60

Leu Thr Xaa Gly Tyr Ala Ser Xaa Xaa Xaa Xaa Cys Leu Thr Leu Tyr
65 70 75 80

Xaa Gly Xaa Xaa Gly Xaa Xaa Xaa Lys Ile Gly Glu Xaa Cys Met Val
85 90 85

Xaa Xaa Glu Xaa Xaa Asn Xaa Ser Glu Pro Xaa Xaa Xaa Xaa Xaa Xaa
100 105 110

Gln Xaa

<210> SEQ ID NO 4

<211> LENGTH: 204

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Asn Arg Val Asn Asp Pro Leu Ile Phe Ile Arg Asp Ile Lys Pro
1 5 10 15

Gly Leu Lys Asn Leu Asn Val Val Phe Ile Val Leu Glu Ile Gly Arg
20 25 30

Val Thr Lys Thr Lys Asp Gly His Glu Val Arg Ser Cys Lys Val Ala
35 40 45

Agp Lys Thr Gly Ser Ile Thr Ile Ser Val Trp Asp Glu Ile Gly Gly
50 55 60

Leu Ile Gln Pro Gly Asp Ile Ile Arg Leu Thr Arg Gly Tyr 2Ala Ser
65 70 75 80

Met Trp Lys Gly Cys Leu Thr Leu Tyr Thr Gly Arg Gly Gly Glu Leu
85 90 85

Gln Lys Ile Gly Glu Phe Cys Met Val Tyr Ser Glu Val Pro Asn Phe
100 105 110

Ser Glu Pro Asn Pro Asp Tyr Arg Gly Gln Gln Asn Lys Gly 2la Gln
115 120 125

Ser Glu Gln Lys Asn Asn Ser Met Asn Ser Asn Met Gly Thr Gly Thr
130 135 140

Phe Gly Pro Val Gly Asn Gly Val His Thr Gly Pro Glu Ser Arg Glu
145 150 155 160

His Gln Phe Ser His Ala Gly Arg Ser Asn Gly Arg Gly Leu Ile Asn
165 170 175

Pro Gln Leu Gln Gly Thr Ala Ser Asn Gln Thr Val Met Thr Thr Ile
180 185 190

Ser Asn Gly Arg Asp Pro Arg Arg Ala Phe Lys Arg
195 200

<210> SEQ ID NO 5

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Asn Pro Glu Tyr Ser Thr Gln Gln Ala Pro Asn
1 5 10

«<210> SEQ ID NO 6

<211> LENGTH: 636

«<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 6

atgacgacgg agacctttgt gaaggatatc aagcctggge tcaagaatct gaaccttatce 60
ttcattgtge tggagacagg ccgagtgacc aagacaaagg acgggcatga ggttcggacc 120
tgcaaagtgg cggacaaaac aggcagcatc aatatctctg tctgggacga tgttggcaat 180
ctgatccage ctggggacat tatccggecte accaaagggt acgcttcagt tttcaaaggt 240

tgtctgacac tatatactgg ccgtgggggt gatctgcaga agattggaga attctgtatg 300

gtttattctyg aggttcctaa cttcagtgag ccaaacccag agtacagcac ccagcaggca 360
cccaacaagg cggtgcagaa cgacagcaac ccttcagcett cccagectac cactggaccce 420
tectgetgect ctecagecte tgagaaccag aatgggaatg gactgagtgce cccaccaggt 480
ceceggtggtyg geccacatcee ccectecatact cecteccace cacccagcac ccgaatcact 540
cgaagccage ccaaccacac acctgcagge ccgectggee cttecagcaa ccctgttagt 600
aacggcaaag aaacccggag gagcagcaag agatag 636

<210> SEQ ID NO 7

<211> LENGTH: 615

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

atgaataggg tcaacgaccee acttattttt ataagagata ttaagecegg actgaaaaac 60
ttaaatgteg tetttattgt cctggagata ggacgegtga ccaaaaccaa agacggecat 120
gaagtgagat cgtgcaaagt agcagataaa acgggcagca tcactattte cgtgtgggat 180
gagateggag gtettataca gocaggggat attatteggt tgaccagagyg gtatgeatece 240
atgtggaaag gatgtctgac actttatact ggaaggggtg gtgaacttca aaaaattggg 300
gaattttgta tggtttatte agaagtgcca aatttcagtyg aacccaaccee agattatega 360

ggacagcaga acaaaggggc acagagtgaa cagaagaata attccatgaa tagtaatatg 420

ggtacaggta catttggacc agtgggaaat ggtgttcaca ctggecctga atcaagggaa 480

caccagtttt cacatgctgg cagaagcaat ggccggggac ttataaatcce acaactacaa 540
ggaacagcta gtaatcaaac agtgatgacc acaataagta atggcaggga cccteggaga 600
gectttaaaa gatga 615

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

gacaaaggac gggcatgagt t 21
<210> SEQ ID NO 9

<211> LENGTH: 21

«<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 9

ttcuguuuce ugccecguacu ¢ 21
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<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
«220>
<221>
<222>
«223>
«220>
<221>
«222>
«223>

SEQ ID NO 10

LENGTH: 114

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: VARIANT
LOCATION: (2)..(2)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (3)..(3)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (5)..(5)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (7)..(7)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (14)..(14)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (15)..(15)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (21)..(21)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (35)..(35)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (41)..(41)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (46)..(46)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (52)..(52)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (53)..(53)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (55)..(55)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (59)..(59)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (67)..(67)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (72)..(72)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (73)..(73)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: VARIANT
LOCATION: (86)..(86)
OTHER INFORMATION: Xaa

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

selected

from

from

from

from

from

from

from

from

from

from

from

from

from

from

from

from

from

from

Val

Lys

Ile

Pro

Leu

Ile

Thr

Thr

Lys

Asn

Asp

Val

Asn

Pro

Lys

Val

Phe

Asp

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

Ile

Arg

Val

Ala

Val

Val

Ile

Ser

Arg

Thr

Glu

Leu

Gly

Thr

Arg

Met

Try

Glu
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-continued

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (109)..(109)

<223> OTHER INFORMATION: Xaa is selected from Glu and Asp
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (111)..(111)

<223> OTHER INFORMATION: Xaa is selected from Ser, Arg and Asn
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (112)..(112)

<223> OTHER INFORMATION: Xaa is selected from Thr and Gly

<400> SEQUENCE: 10

Phe Xaa Xaa Asp Xaa Lys Xaa Gly Leu Lys Asn Leu Asn Xaa Xaa Phe
1 5 10 15

Ile Val Leu Glu Xaa Gly Arg Val Thr Lys Thr Lys Asp Gly His Glu
20 25 30

Val Arg Xaa Cys Lys Val Ala Asp Xaa Thr Gly Ser Ile Xaa Ile Ser
35 40 45

Val Trp Asp Xaa Xaa Gly Xaa Leu Ile Gln Xaa Gly Asp Ile Ile Arg
50 55 60

Leu Thr Xaa Gly Tyr Ala Ser Xaa Xaa Lys Gly Cys Leu Thr Leu Tyr
65 70 75 80

Thr Gly Arg Gly Gly Xaa Leu Gln Lys Ile Gly Glu Phe Cys Met Val
85 90 85

Tyr Ser Glu Val Pro Asn Phe Ser Glu Pro Asn Pro Xaa Tyr Xaa Xaa
100 105 110

Gln Gln

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

gegectgatt cgagatecu 19
<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

uucuccgaac gugucacgu 19
<210> SEQ ID NO 13

<211> LENGTH: 206

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Met Thr Thr Glu Thr Phe Val Lys Asp Ile Lys Pro Gly Leu Lys Asn
1 5 10 15

Leu Asn Leu Ile Phe Ile Val Leu Glu Thr Gly Arg Val Thr Lys Thr
20 25 30

Lys Asp Gly His Glu Val Arg Thr Cys Lys Val Ala Asp Lys Thr Gly
35 40 45

Ser Ile Asn Ile Ser Val Trp Asp Asp Val Gly Asn Leu Ile Gln Pro
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50 55 60

Gly Asp Ile Ile Arg Leu Thr Lys Gly Tyr Ala Ser Val Phe Lys Cly
65 70 75 80

Cys Leu Thr Leu Tyr Thr Gly Arg Gly Gly Asp Leu Gln Lys Ile Gly
85 90 85

Glu Phe Cys Met Val Tyr Ser Glu Val Pro Asn Phe Ser Glu Pro Asn
100 105 110

Pro Glu Tyr Ser Thr Gln Gln Ala Pro Asn Lys Ala Val Gln 2Asn Asp
115 120 125

Ser Asn Pro Ser Ala Ser Gln Pro Thr Thr Gly Pro Ser Ala 2la Ser
130 135 140

Pro Ala Ser Glu Asn Gln Asn Gly Asn Gly Leu Ser Ala Pro Pro Gly
145 150 155 160

Pro Gly Gly Gly Asn Pro Glu Tyr Ser Thr Gln Gln Ala Pro 2Asn Arg
165 170 175

Ser Gln Pro Asn His Thr Pro Ala Gly Pro Pro Gly Pro Ser Ser Asn
180 185 190

Pro Val Ser Asn Gly Lys Glu Thr Arg Arg Ser Ser Lys Arg
195 200 205

<210> SEQ ID NO 14

<211> LENGTH: 212

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 14

Met Thr Thr Glu Thr Phe Val Lys Asp Ile Lys Pro Gly Leu Lys Asn
1 5 10 15

Leu Asn Leu Ile Phe Ile Val Leu Glu Thr Gly Arg Val Thr Lys Thr
20 25 30

Lys Asp Gly His Glu Val Arg Thr Cys Lys Val Ala Asp Lys Thr Gly
35 40 45

Ser Ile Asn Ile Ser Val Trp Asp Asp Val Gly Asn Leu Ile Gln Pro
50 55 60

Gly Asp Ile Ile Arg Leu Thr Lys Gly Tyr Ala Ser Val Phe Lys CGly
65 70 75 80

Cys Leu Thr Leu Tyr Thr Gly Arg Gly Gly Asp Leu Gln Lys Ile Gly
85 90 85

Glu Phe Cys Met Val Tyr Ser Glu Val Pro Asn Phe Ser Glu Pro Asn
100 105 110

Pro Glu Tyr Asn Thr Gln Gln Ala Pro Asn Lys Ser Val Gln 2Asn Asn
115 120 125

Asp Asn Ser Pro Thr Ala Pro Gln Ala Thr Thr Gly Pro Pro 2Ala 2Ala
130 135 140

Ser Pro Ala Ser Glu Asn Gln Asn Gly Asn Gly Leu Ser Thr Gln Leu
145 150 155 160

Gly Pro Val Gly Gly Pro His Pro Ser His Thr Pro Ser His Pro Pro
165 170 175

Ser Thr Arg Ile Thr Arg Ser Gln Pro Asn His Thr Pro Ser Gly Pro
180 185 190

Pro Gly Pro Ser Ser Asn Pro Val Ser Asn Gly Lys Glu Thr Arg Arg
195 200 205
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Ser Ser Lys Arg

210

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Thr Thr Glu

1

Leu

Lys

Ser

Gly

65

Cys

Glu

Pro

Ser

Ala

145

Thr

Arg

Asn

Ser

Asp

Ile

50

Asp

Leu

Phe

Glu

Gly

130

Ser

His

Ser

Gly

Val

Gly

35

Asn

Ile

Thr

Cys

Tyr

115

Thr

Asgp

Gln

Gln

Lys
195

Leu

20

His

Ile

Ile

Leu

Met

100

Ile

Gly

Leu

Ser

Pro

180

Glu

203

Xenopus
15

Thr Phe

Phe Ile

Glu Val

Ser Val

Arg Leu

70

Tyr Thr
85

Val Tyr

Ala Gln

Thr Asn

Glu Asn

150

Thr Ala
165

Asn His

Pro Arg

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Asn Arg Val

1

Gly

Val

Asp

Leu

65

Met

Leu

Thr

Lys

50

Ile

Trp

Lys

Lys

35

Thr

Gln

Lys

Asn

20

Thr

Gly

Pro

Gly

204

laevis

Val

Val

Arg

Trp

55

Thr

Gly

Ser

Gln

Ser

135

Gly

Pro

Ser

Arg

Lys

Leu

Thr

40

Asp

Lys

Arg

Glu

Ser

120

His

Asn

Thr

Ile

Thr
200

Homo sapiens

16

Asn Asp

Leu Asn

Lys Asp

Ser Ile

Gly Asp

70

Cys Leu
85

Pro

Val

Gly

Thr

55

Ile

Thr

Leu

Val

His

40

Ile

Ile

Leu

Asp

Glu

25

Cys

Asp

Gly

Gly

Val

105

Gln

Asn

Gly

His

Pro

185

Gly

Ile

Phe

25

Glu

Ser

Arg

Tyr

Val

10

Thr

Lys

Leu

Tyr

Gly

90

Pro

Asn

Ser

Ser

Ser

170

Gly

Lys

Phe

10

Ile

Val

Val

Leu

Thr
90

Lys

Gly

Val

Gly

Ala

75

Asp

Asn

Lys

Ser

Asn

155

Thr

Ala

Arg

Ile

Val

Arg

Trp

Thr

75

Gly

Pro

Arg

Ala

Asn

60

Ser

Leu

Phe

Gln

Ser

140

Ser

Ser

Pro

Arg

Leu

Ser

Asp

60

Arg

Arg

Gly

Val

Asp

45

Phe

Leu

Gln

Ser

Ala

125

Pro

Ser

Gly

Asn

Asp

Glu

Cys

45

Glu

Gly

Gly

Leu

Thr

30

Lys

Ile

Phe

Lys

Glu

110

Gln

Ala

Gly

Arg

Ser
190

Ile

Ile

30

Lys

Ile

Tyr

Gly

Lys

15

Lys

Thr

Gln

Lys

Ile

95

Pro

Ala

Pro

Pro

Ile

175

Val

Lys

15

Gly

Val

Gly

Ala

Glu
95

Asn

Thr

Gly

Pro

Gly

80

Gly

Asn

Glu

Pro

Pro

160

Thr

Ser

Pro

Arg

Ala

Gly

Ser

80

Leu
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Gln Lys Ile Gly Glu Phe Cys Met Val Tyr Ser Glu Val Pro Asn Phe
100 105 110

Ser Glu Pro Asn Pro Asp Tyr Arg Gly Gln Gln Asn Lys Gly 2la Gln
115 120 125

Ser Glu Gln Lys Asn Asn Ser Met Asn Ser Asn Met Gly Thr Gly Thr
130 135 140

Phe Gly Pro Val Gly Asn Gly Val His Thr Gly Pro Glu Ser Arg Glu
145 150 155 160

His Gln Phe Ser His Ala Gly Arg Ser Asn Gly Arg Gly Leu Ile Asn
165 170 175

Pro Gln Leu Gln Gly Thr Ala Ser Asn Gln Thr Val Met Thr Thr Ile
180 185 190

Ser Asn Gly Arg Asp Pro Arg Arg Ala Phe Lys Arg
195 200

<210> SEQ ID NO 17

<211> LENGTH: 198

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 17

Met His Gly Val Asn Asp Pro Pro Leu Phe Ile Lys Asp Ile Lys Ala
1 5 10 15

Gly Leu Lys Asn Leu Asn Val Val Phe Ile Val Leu Glu Ile Gly Arg
20 25 30

Val Thr Lys Thr Lys Asp Gly His Glu Val Arg Ser Cys Lys Val Ala
35 40 45

Agp Arg Thr Gly Ser Ile Thr Ile Ser Val Trp Asp Glu Ile Gly Gly
50 55 60

Leu Ile Gln Thr Gly Asp Ile Ile Arg Leu Thr Arg Gly Tyr 2Ala Ser
65 70 75 80

Met Trp Lys Gly Cys Leu Thr Leu Tyr Thr Gly Arg Gly Gly Glu Leu
85 90 85

Gln Lys Ile Gly Glu Phe Cys Met Val Tyr Ser Glu Val Pro Asn Phe
100 105 110

Ser Glu Pro Asn Pro Asp Tyr Arg Gly Gln Gln Asn Arg Gly Val Gln
115 120 125

Asn Glu Gln Lys Asp Lys Leu Ser Thr Asn Thr Phe Gly Pro Val Gly
130 135 140

Asn Gly Asp Gln Thr Gly Pro Glu Ser Arg Gly Tyr His Leu Pro Tyr
145 150 155 160

Gly Arg Ser Asn Gly Pro Gly Pro Ile Ser Pro Gln Leu Pro Gly Thr
165 170 175

Pro Ser Ser Gln Thr Val Arg Thr Thr Ile Ser Asn Ala Arg Asp Pro
180 185 190

Arg Arg Ala Phe Lys Arg
195

<210> SEQ ID NO 18

<211> LENGTH: 211

<212> TYPE: PRT

<213> ORGANISM: Danio rerio

«<400> SEQUENCE: 18
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Met Ser Asn Ile Ser Asn Glu Ala Val Ile Leu Ile Lys Asp Val Lys
1 5 10 15

Pro Gly Ser Lys Asn Leu Asn Ile Val Phe Ile Val Leu Glu Ile Gly
20 25 30

Arg Val Thr Lys Thr Lys Asp Gly His Glu Val Arg Ser Cys Arg Val
35 40 45

Ala Asp Lys Ser Gly Ser Ile Ala Ile Ser Val Trp Asp Glu Leu Gly
50 55 60

Ser Leu Ile Gln Pro Gly Asp Ile Ile Arg Leu Thr Arg Gly Tyr 2Ala
65 70 75 80

Ser Ile Trp Lys Gly Cys Leu Thr Leu Tyr Thr Gly Arg Gly Gly 2sp
85 90 85

Leu Gln Lys Ile Gly Glu Phe Cys Met Val Tyr Ser Glu Val Pro Asn
100 105 110

Phe Ser Glu Pro Asn Pro Glu Leu Leu Ala Gln Ala Asn Gln Gln Asn
115 120 125

Lys Thr Ser Lys Glu Gln Arg Gly Asn Ser Pro Pro Asn Gln 2Zsn Ala
130 135 140

Gly Asn Gly Thr Val Pro Val Phe Ser Asn Asn Asn Ala Ala Pro Val
145 150 155 160

Pro Arg Asp Pro Asn Phe Gly Ala Ser Gly Arg Pro Asn Gly Arg Ala
165 170 175

Pro Gly Asn Gly Pro Pro Pro Val Thr Ala Gly Gly Thr Pro 2Ala Pro
180 185 190

Pro Lys Pro Thr Val Ser Ile Ser Asn Gly Arg Asp Pro Arg Arg 2Ala
195 200 205

Ser Lys Arg
210

<210> SEQ ID NO 19

<211> LENGTH: 204

<212> TYPE: PRT

<213> ORGANISM: Drosophila melanogaster

<400> SEQUENCE: 19

Met Tyr Asn Val Glu Cys Ile Pro Ile Lys Asp Ile Lys Pro Gly Leu
1 5 10 15

Lys Asn Ile Asn Val Ile Phe Ile Val Leu Glu Val Gly Val 2Ala Thr
20 25 30

Val Thr Lys Glu Asn Arg Glu Val Arg Asn Phe Lys Val Gly Asp Pro
35 40 45

Thr Ala Cys Ile Asn Val Ser Ile Trp Asp Glu Pro Gly Lys Leu Ile
50 55 60

Ala Pro Gly Asp Ile Val Arg Leu Thr Lys Gly Tyr Ala Ser Ile Trp
65 70 75 80

Arg His Cys Leu Thr Leu Tyr Ser Gly Lys Asn Gly Glu Val Phe Lys
85 90 85

Ile Gly Glu Tyr Cys Met Val Phe Asn Glu Ser Val Asn Met Ser Glu
100 105 110

Pro Lys Arg Ala Glu Gln Gln Ala Val Ala Asn Pro Ala Ala Thr Pro
115 120 125

Ala Gly Leu Pro Ala Gly Gly Gly Ala Pro Gly Leu Pro Ala Lys Gly
130 135 140
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Gly Ala
145

Thr Gly Ile Pro

150

Gln Ala Val Ala

155

Pro Ala Ala

Pro Ala Thr Gln Ser Ala

165

Val Thr Thr Ala

170

Pro Ala Ala

Ile Ala Gln Thr Thr

180

Thr Pro Thr

185

Pro Lys Gly Arg Gly

Gly Gly Gly

195

Arg Gly Gly Leu Lys Glu

200

Gly Arg Arg

<210> SEQ ID NO 20

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: Sulfolobus solfataricus
<400> SEQUENCE: 20

Met Glu
1

Val Pro Asn Met Asn

10

Glu Lys Gly Asn Leu Lys

Met Glu Val Val Thr Val

25

Ser Asn Val Leu Glu

20

Asn Arg

Ala Gln

35

Ile Gln Thr Val Thr Ile

45

Asn
40

Arg Lys Gly Arg

Ile Val

50

Gly Glu Thr Val Thr

60

Asp Gly Leu Leu

55

Arg Lys

Ala Ile Glu Gln Val Val

75

His Ser Ile

65

Gly Lys

70

Gly Lys

Thr Thr Ala Phe

85

Gln Val Gln

90

Trp Lys Gly Leu Asn Ala

Thr Ile Ala

100

Lys Glu Ala Ser Glu Asp Phe Pro Glu

105

Gly

Ile Glu

115

Thr Thr Ala

120

Pro Asn Pro Pro Gln Gln Met Arg

125
Phe

Arg Gly

130

Arg Gly Gly Gly

135

Arg Arg Tyr Arg

140

Arg

Gln Glu Glu Glu

150

Arg Asn Glu Glu Glu

145

Gly

Pro

Ala

Gly
190

Leu

Ala

30

Ser

Trp

Glu

Gly

Ser

110

Gly

2la
160

Gly

Pro 2la

175

Arg Gly

Lys Pro

15

Ser Glu

Glu Ala
Gly Lys

Ala
80

Asn

Ser
95

Lys
Ser Gln
Gly Gly

Gly Arg

1. A method of detecting transformed cells or tumour cells
comprising the step of detecting in a suitable biological
sample, overexpression of a human ssDNA binding (SSB)
protein or polypeptide comprising the following amino acid
sequence:

(SEQ ID NO:
FX' X’ DX KPCLKNLNX*X FIVLEXSGRVTKTKDGHEVRX 'CKVA

1)

DKTGSIX®ISVWDXX'%ex! 'L IQPGDIIRLTX *CYASX 3% “KG
CLTLYTGRGGX PLOKIGEFCMVYSEVPNFSEPNPX 'fvx! X 800

wherein

X' is selected from V and I, X*is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X°
is selected from I and V, X° is selected from T and I, X”
is selected from T and S, X®is selected from N and T, X°
is selected from D and E, X'° is selected from V and I,
X is selected from N and G, X' 2 is selected from K and

R, X*? is selected from V and M, X** is selected from F
and W, X** is selected from D and E, X' ®is selected from
EandD, X" is selected from Sand R, and X'®is selected
from T and G,

or a naturally occurring variant sequence thereof.

2. A method of diagnosing or prognosing cancer or assess-
ing a predisposition to cancer, said method comprising the
step of detecting in a suitable biological sample from a sub-
ject, overexpression of a human SSB protein or polypeptide
comprising the following amino acid sequence:

(SEQ ID NO:
FX' X’ DX KPCLKNLNX X FIVLEX®GRVTKTKDGHEVRX 'CKV

1)

ADKTGSIX°1sVWDX X 1%6x ! L IQPGDI IRLTX PaYAsK P X *Ka

CLTLYTGRGGX *LOKIGEFCMVYSEVPNFSEPNPX oYX X '$00
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wherein

X!is selected from V and I, X2 is selected from K and R, X°
is selected from I and V, X* is selected from L and V, X°
is selected from I and V, X® is selected from T and I, X”
is selected from T and S, X® is selected from N and T, X°
is selected from D and E, X'° is selected from V and I,
X! s selected from N and G, X*? is selected from K and
R, X'? is selected from V and M, X'*is selected from F
and W, X '3 is selected from D and E, X*is selected from
EandD, X" is selected from Sand R, and X '®is selected
from T and G,

or a naturally occurring variant sequence thereof.

3. The method of claim 1, wherein said biological sample
is a tissue biopsy, a blood sample or a faecal sample.

4. The method according to claim 1, wherein the cancer is
a breast cancer or bowel cancer.

5. The method according to claim 1, wherein said method
is used for selecting a suitable treatment for cancer or for
assessing the effectiveness of a cancer treatment.

6. A method according to claim 1, wherein said SSB pro-
tein or polypeptide is a human SSB1 protein or polypeptide
comprising an amino acid sequence substantially correspond-
ing to the following:

(SEQ ID NO: 2)
MTTETFVKDIKPGLKNLNLIFIVLETGRVTKTKDGHEVRTCKVADKTGS

INISVWDDVGNLIQPGDIIRLTKGYASVFKGCLTLYTGRGGDLQKIGEFC
MVYSEVPNFSEPNPEYS TQQAPNKAVQONDSNPSASQPTTGPSAASP
ASENQNGNGLSAPPGPGGGPHPPHTPSHPPSTRITRSQPNHTPAGPP
GPSSNPVSNGKETRRSSKR,

or a naturally occurring variant sequence thereof.

7. A method according to claim 1, wherein said step of
detecting overexpression of said SSB protein or polypeptide
comprises;

(1) determining the relative amount of messenger RNA
encoding the protein or polypeptide that is present in
said sample,

(i) determining the relative amount, in said sample, of an
antibody or a fragment thereof that specifically binds to
said SSB protein or polypeptide, or

(iii) determining the relative amount of the protein or
polypeptide or a fragment thereof that is present in the
said sample.

8. A method according to claim 1, wherein said step of
detecting overexpression of said SSB protein or polypeptide
comprises determining the relative amount of the protein or
polypeptide or a fragment thereof that is present in the said
sample.

9. An isolated eukaryotic SSB protein or polypeptide com-
prising the following amino acid sequence:

(SEQ ID NO: 3)
¥R KE X KK REX R FIVLEX Xl KO TR H TR XX KBV

RXXIMURMDRORPR O F IR xS sx wDx % ex kY1 x % Pep1
X RLTXeYAsK B U k2 e LTL YR 2ax APk Py Ex 4Pk T

GEXA GCMVXAHXAIEXAJXAKNXALS E PXA_MXANXISXAOX 1 7X1 SQXAP

Nov. 25,2010

wherein

X4 is selected from F, L and P, X" is selected from V and I,
X2 is selected from K and R, X® is selected from I and V,
XZ1s selected from P and A, X is selected from L and S,
XPisselected from L and I, X is selected from N and S,
X*is selected from [, V and I, X° is selected from I, L
and V, X% is selected from T, I and V, X*'is selected from
R and V, X€ is selected from V and A, X is selected
from K and V, X7 is selected from D and E, X is selected
from G and N, X* is selected from H and R, X’ is
selected from T, S and N, X is selected from C and F,
XM is selected from K and R, X” is selected from A and
G, X is selected from K, R and P, X7 is selected from T
and S, X€ is selected from G and A, X% is selected from
S and C, X® is selected from N, T and A, X is selected
from I and V, X7 is selected from V and I, X° is selected
from D and E, X*° is selected from V, I, L and P, X*! is
selected from N, G, S and K, XY is selected from L. and
F, X" is selected from Q and A, X ¥ 'is selected from P and
T, X is selected from Tand V, X*?is selected from K and
R, X is selected from V, M, L and I, X** is selected
from F and W, X¥ is selected from K and R, X% is
selected from G and H, X% is selected from T and S,
X4 is selected from R and K, X7 is selected from G
and N, X*° is selected from D and E, X*# is selected
from L and V, X4F is selected from Q and F, X““ is
selected from F and Y, X% is selected from Y and F, X
is selected from S and N, X is selected from V and S,
XK is selected from P and V, X is selected from F and
M, XM is selected from N and K, X“*Vis P or is null, X*¢
is selected from E and D or is null, X“© is selected from
Y, L andR, X*7is selected from S, R,N,I, Land A, X*®
is selected from T, G, A and E, and X7 is selected from
Qand A,

or a naturally occurring variant sequence thereof;,

or an antigenic fragment thereof.

10. The SSB protein or polypeptide of claim 9 comprising
the following amino acid sequence:

(SEQ ID NO: 1)
FX' X’ DX KPCLKNLNX X FIVLEX*GRVTKTKDGHEVRX 'CKVADKT

@s1x%1svWDXX ex  LI1QPEDT IRLTX aYASX X KGCLTL

YTGRGEX ! LOKIGEFCMVYSEVPNFSEPNPX 'ovx! X '$00

wherein

X" is selected from V and I, X?*is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X°
is selected from I and V, X® is selected from T and I, X”
is selected from T and S, X% is selected from N and T, X°
is selected from D and E, X' is selected from V and I,
XM is selected from N and G, X*?is selected from K and
R, X' is selected from V and M, X'* is selected from F
and W, X is selected from D and E, X'®is selected from
EandD, X7 is selected from Sand R, and X'® is selected
from T and G,

or a naturally occurring variant sequence thereof;,
or an antigenic fragment thereof.

11. The SSB protein or polypeptide of claim 9 comprising
an amino acid sequence substantially corresponding to the
following:
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(SEQ ID NO: 2)
MTTETFVKDIKPGLKNLNLIFIVLETGRVTKTKDGHEVRTCKVADKTGS

INISVWDDVGNLIQPGDIIRLTKGYASVFKGCLTLYTGRGGDLQKIGEF
CMVYSEVPNFSEPNPEYSTQQAPNKAVONDSNPSASQPTTGPSAASP
ASENQNGNGLSAPPGPGGGPHPPHTPSHPPSTRITRSQPNHTPAGPPGP
SSNPVSNGKETRRSSKR,

or a naturally occurring variant sequence thereof.

12. The SSB protein or polypeptide of claim 9 comprising
an amino acid sequence substantially corresponding to the
following:

(SEQ ID NO: 4)
MNRVNDPLIFIRDIKPGLKNLNVVFIVLEIGRVTKTKDGHEVRSCKVAD

KTGSITISVWDEIGGLIQPGDIIRLTRGYASMWKGCLTLYTGRGGELQK
IGEFCMVYSEVPNFSEPNPDYRGQONKGAQSEQKNNSMNSNMGTG
TFGPVGNGVHTGPESREHQFSHAGR SNGRGLINPQLQGTASNQTV ;

or a naturally occurring variant sequence thereof.
13. The SSB protein or polypeptide of claim 9 comprising
the following amino acid sequence:

(SEQ ID NO: 10)
FXx2DX} KX GLKNLNX X *F IVLEX *GRVTK TKDGHEVRX 'CKV

ADX TGS IX%1 svWDX X '°ex ' L10x”eDIIRLTX PaYAsk ¥ x K
GCLTLYTGRGGX *LOKIGEFCMVYSEVPNFSEPNPX ' 6vx "X 800

wherein
X' is selected from V and I, X*is selected from K and R, X?
is selected from I and V, XZ is selected from P and A, X*
is selected from L and V, X® is selected from [ and V, X°
is selected from T and I, X7 is selected from T and S, X*
is selected from K and R, X*®isselected from N and T, X°
is selected from D and E, X'° is selected from V and L,
X! is selected from N and G, X" is selected from P and
T, X% is selected from K and R, X*? is selected from V
and M, X'* is selected from F and W, X'° is selected
from D and E, X'° is selected from E and D, X7 is
selected from S, R and N, and X'® is selected from T and
Gs
or a naturally occurring variant sequence thereof;
or an antigenic fragment thereof.
14. An isolated antibody or fragment thereof which spe-
cifically binds to a human SSB protein or polypeptide com-
prising the following amino acid sequence:

(SEQ ID NO: 1)
FX!' X’ DX’ KPCLKNLNX X FIVLEX SGRVTKTKDGHEVRX 'CK

VADKTGSIX®ISVWDX X! °GxX! 'LIQPGDI IRLTX 2GYASX 3 K
GCLTLYTGRGGX PLOKIGEFCMVYSEVPNFSEPNPX ! Svx ! 7%!1800

wherein

X' is selected from V and I, X*is selected from K and R, X?
is selected from I and V, X* is selected from L and V, X°
is selected from I and V, X® is selected from T and I, X’
is selected from T and S, X®is selected from N and T, X°
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is selected from D and E, X' is selected from V and I,
X! is selected from N and G, X'?is selected from K and
R, X' is selected from V and M, X'* is selected from F
and W, X7 is selected from D and E, X*is selected from
EandD, X" is selected from Sand R, and X'®is selected
from T and G,

or a naturally occurring variant sequence thereof

or an antigenic fragment thereof.

15. The antibody or fragment thereof of claim 14, wherein
said SSB protein or polypeptide is a human SSB1 protein or
polypeptide comprising an amino acid sequence substantially
corresponding to the following:

(SEQ ID NO: 2)
MTTETFVKDIKPGLKNLNLIFIVLETGRVTKTKDGHEVRTCKVADKTGS

INISVWDDVGNLIQPGDIIRLTKGYASVFKGCLTLYTGRGGDLQKIGEFC
MVYSEVPNFSEPNPEYSTQQAPNKAVONDSNPSASQPTTGPSAASP
ASENQNGNGLSAPPGPGGGPHPPHTPSHPPSTRITRSQPNHTPAGP
PGPSSNPVSNGKETRRSSKR,

or a naturally occurring variant sequence thereof.

16. The antibody or fragment thereof of claim 14, wherein
the antibody or fragment thereof specifically binds to an
antigenic fragment of a human SSB1 protein or polypeptide,
said antigenic fragment comprising an amino acid sequence
substantially corresponding to the following:

NPEYSTQQAPN (SEQ ID NO: 5)

17. The antibody or fragment thereof of claim 14, wherein
said SSB protein or polypeptide is a human SSB2 protein or
polypeptide comprising an amino acid sequence substantially
corresponding to the following:

(SEQ ID NO: 4)
MNRVNDPLIFIRDIKPGLKNLNVVFIVLEIGRVTKTKDGHEVRSCKVAD

KTGSITISVWDEIGGLIQPGDIIRLTRGYASMWKGCLTLYTGRGGELQK
IGEFCMVYSEVPNFSEPNPDYRGQONKGAQSEQKNNSMNSNMGTGT
FGPVGNGVHTGPESREHQF SHAGRSNGRGLINPQLQGTASNQTV;

or a naturally occurring variant sequence thereof.

18. An isolated polynucleotide or oligonucleotide mol-
ecule comprising a nucleotide sequence encoding all or part
of a eukaryotic SSB protein or polypeptide comprising the
following amino acid sequence:

(SEQ ID NO: 3)
XKD R KRB X KNP KEX X FIVLEX X X O TXITK

XX XERVRX MNP X0 PR ExR T k8 %5 sx WD

XX HUXVIX X PGDIXARLTX 2y ASX X X T R7CL
TLYXABExAKAL G P AEXAFKI GEXACCMV X H X ATEX VX AKN
XALS EPXAMXANXI SXAOXI 7X18QXAP

wherein

X4 is selected from F, L and P, X" is selected from V and I,
X2 is selected from K and R, X? is selected from T and V,
XZ1s selected from P and A, X is selected from [ and S,
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XPis selected from L and I, X is selected from N and S,
X* is selected from L, V and I, X° is selected from I, L
and V, X% is selected from T, T and V, X* is selected from
R and V, X< is selected from V and A, X is selected
from K and V, X’ is selected from D and E, X”is selected
from G and N, XX is selected from H and R, X7 is
selected from T, S and N, X7 is selected from C and F,
XM s selected from K and R, X* is selected from A and
G, X% is selected from K, R and P, X% is selected from T
and S, X% is selected from G and A, X¥ is selected from
S and C, X% is selected from N, T and A, X® is selected
from I and V, X is selected from V and I, X® is selected
from D and E, X'° is selected from V, I, L and P, X*! is
selected from N, G, S and K, X" is selected from L and
F, X" is selected from Q and A, X * is selected from P and
T, X¥is selected from I and V, X** is selected from K and
R, X' is selected from V, M, L and I, X'* is selected
from F and W, X¥ is selected from K and R, X* is
selected from G and H, X“Z is selected from T and S,
X4 is selected from R and K, X** is selected from G
and N, X' is selected from D and E, X“F is selected
from L and V, X*¥ is selected from Q and F, X*¢ is
selected from F and Y, X is selected from Y and F, X4/
is selected from S and N, X/ is selected from V and S,
X4K is selected from P and V, X is selected from F and
M, XM s selected from N and K, XV is P oris null, X*°
is selected from E and D or is null, X“C is selected from
Y, L and R, X'7 is selected from S, R, N, I, Land A, X*®
is selected from T, G, A and E, and X7 is selected from
Qand A,

or a naturally occurring variant sequence thereof’

and/or the complementary sequence thereto.

19. A polynucleotide molecule according to claim 18,
wherein the polynucleotide molecule encodes a SSB protein
or polypeptide comprising the following amino acid
sequernce:

(SEQ ID NO:
FX'X?DX*KPGLKNLNX X F IVLEXGRVTKTKDGHEVRX 'C

1)

KVADKTGS IX®1SVWDX X '°ex ! 'L 1QPGDI IRLTX “CYASK X 4K
GCLTLYTGRGCGX PLOKIGEFCMVYSEVPNFSEPNPXSYX X800

wherein

X is selected from V and I, X?is selected from K and R, X°
is selected from I and V, X* is selected from L and V, X°
is selected from I and V, X% is selected from T and I, X’
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is selected from T and S, X® is selected from N and T, X°
is selected from D and E, X'° is selected from V and 1,
XM is selected from N and G, X*?is selected from K and
R, X*? is selected from V and M, X'* is selected from F
and W, X is selected from D and E, X' ®is selected from
Eand D, X7 is selected from S and R, and X**is selected
from T and G,

or a naturally occurring variant sequence thereof.

20. An oligonucleotide molecule according to claim 18,
wherein the oligonucleotide molecule is suitable for use as a
probe or primer sequence which hybridises under high strin-
gency conditions to a polynucleotide molecule encoding a
SSB protein or polypeptide comprising the following amino
acid sequence:

(SEQ ID NO:
FX !X’ DX’ KPCLKNLNX "X FIVLEXSGRVTKTKDGHEVRX ' C

1)

KVADKTGS IX81sVWDX X %ex! 'L IQPGDI IRLTX PGYASX 3 X 4K
GCLTLYTGRGGX PLQKIGEFCMVYSEVPNFSEPNPX 'Sy 7% 800

wherein
X is selected from V and I, X% is selected from K and R, X°
is selected from I and V, X* is selected from L and V, X°
is selected from I and V, X% is selected from T and I, X’
is selected from T and S, X®is selected from N and T, X°
is selected from D and F, X'° is selected from V and 1,
X" is selected from N and G, X'? is selected from K and
R, X3 is selected from V and M, X'# is selected from F
and W, X** is selected from D and E, X' ®is selected from
EandD, X7 is selected from Sand R, and X*®is selected
from T and G,
or a naturally occurring variant sequence thereof
and/or the complementary sequence thereto.
21. A kit for diagnosing or prognosing cancer or assessing
a predisposition to cancer, wherein said kit comprises
an isolated eukaryotic SSB protein or polypeptide accord-
ing to claim 9.
22. A kit for diagnosing or prognosing cancer or assessing
a predisposition to cancer, wherein said kit comprises an
isolated antibody or fragment thereof according to claim 14.
23. A kit for diagnosing or prognosing cancer or assessing
a predisposition to cancer, wherein said kit comprises an
isolated polynucleotide molecule or oligonucleotide mol-
ecule according to any claim 18.
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