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A method of predicting the presence of a non-functional
BRCAL gene in a biological sample, comprises the step of
assaying the sample for expression of at least one specific
member of the S100 family of genes. The invention also
describes a kit for predicting the presence of non-functional
BRCALI, comprising means for assaying a sample for expres-
sion of at least one specific member of the S100 gene family.
A method of detecting a genetic predisposition to cancer is
also described, comprising the step of assaying a biological
sample for expression of a specific member of the S100
family of genes. Also described is a method of determining a
suitable chemotherapeutic agent for an individual.
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BRCA1 MARKERS

TECHNICAL FIELD

[0001] The invention relates to a method of determining the
presence of a non-functional BRCA1 gene in a biological
sample or reduced expression of a functional BRCA1 gene.
The invention also relates to a method of determining a suit-
able chemotherapeutic agent for an individual and a method
for detecting a genetic predisposition to cancer. The invention
further relates to a kit for performing these methods.

BACKGROUND ART

[0002] The BRCAI1 tumour suppressor gene was identified
by positional cloning as one of the genes conferring genetic
predisposition to breast and ovarian cancer. BRCA1 mutation
carriers have recently been reported to have an 82% risk of
developing breast cancer and a 54% risk of developing ova-
rian cancer by the age of 80. Although the exact function of
BRCALI remains to be defined, roles in DNA damage detec-
tion, DNA damage repair, in particular repair of double strand
breaks, cell cycle checkpoint control, in particular S-phase
and G2 arrest following ionizing irradiation, transcriptional
regulation and ubiquitination have been inferred.

[0003] As BRCAI has been identified as one of the genes
conferring genetic predisposition to breast and ovarian can-
cer, itis desirable to provide a test which screens an individual
for the presence of mutant forms of BRCA1. However, as
many different mutations have been identified within the
BRCALI gene, it is difficult to design a rapid and effective
means of assaying for each and every is possible mutation. To
overcome this problem of intragenic heterogeneity, it is nec-
essary to sequence the whole gene from patients and interro-
gate the obtained sequence for mutations. While such a whole
gene sequencing approach provides an accurate diagnostic
test for BRCA1 mutation carriers, the test itself is very expen-
sive and time consuming.

[0004] It is an object of the invention to overcome at least
some of the above problems.

SUMMARY OF THE INVENTION

[0005] The present inventor has surprisingly determined
that specific members of the S100 family of proteins are
potently repressed by BRCA1 while other members are
upregulated by BRCA1 and therefore may act as surrogate
markers of BRCA1 deficiency.

[0006] Accordingly, in a first aspect of the present inven-
tion, there is provided a method of predicting the presence of
a non-functional BRCA1 gene in a test biological sample
comprising the steps of:

[0007] assaying the test sample to determine an expres-
sion profile of at least one member of the S100 family of
genes selected from the group comprising S100A7,
S100A8, S100A9, S100A10 or S1I00A2, and

[0008] comparing the expression profile of at least one
member with the expression profile of said member in a
control biological sample,

[0009] wherein an increase in the expression of any one
of S100A7, S100A8, S1009A9, or S100A10 or a
decrease in expression of S100A2 in the test sample
being assayed is indicative of non-functional BRCA1.

[0010] Inadditionto expressionofnon-functional BRCAL,
BRCAL deficiency can be also be due to the reduced expres-
sion of functional BRCA1 due to, for example, epigenetic

Oct. 30, 2008

modification of BRCAI. For the purposes of the present
invention, the reduced expression of functional BRCA1 is
considered to be encompassed by “non-functional BRCA1”.

[0011] Typically, the test biological sample will be a
sample of tissue. Any suitable tissue may be used. However,
it is also possible to assay biological fluids such as blood for
expression of the gene of interest. This is particularly the case
given that the S100 family of proteins are members of the
secretome of any given cell.

[0012] Thecontrol biological sample is preferably a sample
of'similar cell type or biological fluid to the test sample, but in
which BRCA1 is known to be functional and in which
BRCAL is expressed at normal (non-disease) levels.

[0013] Preferably breast or ovarian suspected tumour tissue
is used as the test sample and normal breast or ovarian tissue
is used as a non-test or control sample.

[0014] The presence of non-functional BRCA1 has been
determined to be influential in determining which suitable
chemotherapeutic treatment agent should be provided to an
individual.

[0015] Thus the present invention can be used to predict
sensitivity to agents which demonstrate enhanced effects in
neoplasms characterised by non-functional BRCA1.

[0016] Thus, optionally, the method of the first aspect of the
invention further comprises the step of determining a chemo-
therapeutic agent which would be suitable for treatment of
individuals from which the test sample is derived.

[0017] Typically, when it is determined that the expression
profile of a member of the S100 family of genes selected from
the group S100A7, S100A8, SI100A9 or S100A10 is
increased and/or the expression of SI00A2 is decreased from
the expression levels profiled in the non-test (control) sample,
a DNA damaging agent is chosen as a chemotherapeutic
agent.

[0018] Any suitable DNA damaging chemotherapeutic
agent may be used. The agents may include: platinum agents
e.g. cisplatin, etoposide, doxorubicin, bleomycin and cyclo-
phosphamide. Other suitable DNA damaging agents will be
known to those skilled in the art.

[0019] Incontrast, when the expression profile ofa member
ofthe S100 family of genes selected from the group compris-
ing SI00A7, SI00A8, S100A9, S100A10 or S100A2 is nor-
mal, i.e. similar to that of the non test (control) and thus is
indicative of functional BRCAI, an antimicrotubule chemo-
therapeutic agent may be chosen.

[0020] Suitably, the antimicrobule agent is selected from
the group comprising: taxol, paclitaxel, taxatere, docetaxel
and vinorelbine.

[0021] Treatment protocols for treating an individual with a
chemotherapeutic antimicrotubule agent, or with a DNA
damaging chemotherapeutic agent, will be well known to
those skilled in the art of chemotherapy and will not be
discussed further.

[0022] As discussed in the Examples, the inventor has sur-
prisingly shown that the expression of the S100 protein pso-
riasin, markedly enhances the sensitivity of cancer cells to
DNA damaging agents.

[0023] Accordingly, in a second aspect of the present inven-
tion there is provided a method of predicting the sensitivity of
a test sample of cancer cells to treatment with a DNA dam-
aging agent comprising the steps of
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[0024] determining the expression profile of at least one
member of the S100 family of genes selected from the
group comprising SI00A7, SI00A8, S100A9, S100A10
or S100A2, and

[0025] comparing the expression profile of at least one
member with the expression profile of said member in a
control biological sample,

[0026] wherein an increase in the expression of any one
of S100A7, S100A8 or S1009A9, S100A10 or a
decrease in expression of S1I00A2 in the test sample
being assayed is indicative that the cells are sensitive to
DNA damaging agents.

[0027] Mutations in the BRCA1 tumour suppressor gene
has been indicated to confer a genetic predisposition to par-
ticular types of cancer.

[0028] Accordingly, in a third aspect of the present inven-
tion, there is provided an in-vitro assay method of detecting a
genetic predisposition to cancer, comprising the steps of;

[0029] assaying a test biological sample to determine the
expression profile of a member of the S100 family of
genes selected from the group comprising S100A7,
S100A8, S100A9, S100A10 or S1I00A2, and

[0030] comparing the expression profile of at least one
member with an expression profile of said member
obtained from a sample(s) from an individual(s) who
does not have a genetic predisposition to cancer,

[0031] wherein an increase in the expression of any one
of S100A7, S100A8, S1009A9, or S100A10 or a
decreased expression of SI00A2 in the test sample being
assayed is indicative that the individual from whom the
sample has been provided has a greater likelihood of a
genetic predisposition to cancer.

[0032] The method may be used to determine a predispo-
sition to any type of cancer in which non-function of BRCA1
has been implicated.

[0033] Suitably, the cancer is selected from the group com-
prising: breast cancer; ovarian cancer; early onset breast can-
cer; early onset ovarian cancer; sporadic breast cancer; spo-
radic ovarian cancer; and invasive and non-invasive breast
and ovarian cancer.

[0034] Preferably, the methods of the invention determine
if the expression level of SI00A7 in the test sample is
increased in comparison to the expression level of S100A7 in
a non-test sample.

[0035] Inembodiments of the methods ofthe invention, the
expression profiles of two S100 genes selected from the group
comprising SI00A7, S100A8, SI00A9, SI00A10 or SI00A2
are determined by the assay of the biological sample and
compared with the expression profiles of said members in a
non-test biological sample.

[0036] For example the following combinations of S100
members may be assayed and compared with the respective
members in a non-test sample;

[0037] S100A7+S100A8,
[0038] S100A7+S100A9,
[0039] S100A7+S100A2,
[0040] SI100A7+S100A10
[0041] S100A8+S100A9,
[0042] S100A8+S100A10
[0043] S100A9+S100A10
[0044] S100A8+S100A2, or
[0045] S100AS9+S100A2
[0046] S100A10+S100A2
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[0047] In particular embodiments of the methods of the
invention, the expression profiles of three S100 genes
selected from the group comprising S100A7, S100AS,
S100A9, S100A10 or SI00A2 are determined by the assay of
the test biological sample and compared with the expression
profiles of said members in a non-test sample.

[0048] For example the following combinations of S100
members may be assayed and compared with the respective
members in a non-test sample;

[0049] S100A7+S100A8+S100A9,

[0050] S100A7+S100A8+S100A10

[0051] S100A7+S100A9+S100A10

[0052] S100A7+S100A8+S100A2,

[0053] S100A7+S100A9+S100A2,

[0054] S100A7+S100A10+S100A2

[0055] S100A8+S100A9+S100A2

[0056] S100A8+S100A9+S100A10, or

[0057] S100A9+S100A10+S100A2.

[0058] In a further embodiment of the methods of the

invention the expression profiles of four of SI00A7, SI00AS,
S100A9, S1I00A10 or SI00A2 are determined by an assay of
the test biological sample and compared with the expression
profiles of said members in a non-test sample.

[0059] In a further embodiment of the methods of the
invention the expression profiles of each of SI00A7, SI00AS,
S100A9, S1I00A10 and S100A2 are determined by an assay
of the test sample and compared with the expression profiles
of said members in a non-test sample.

[0060] In apreferred embodiment, the assay is designed to
detect the expression of a protein product of at least one
member of the S100 family of genes selected from the group
consisting of S100A7, S100A8, S100A9, S100A10 or
S100A2.

[0061] A sample may be tested for the presence of at least
one member of SIO0A7, S100A8, S100A9, S100A10 or
S100A2 protein using a specific binding member such as an
antibody (or mixture of antibodies), specific for said at least
one member.

[0062] Insuch casesthe sample may be tested by providing
a specific binding member such as an antibody to the sample
under specific conditions for specific binding and for instance
using a suitable reporter system to indicate whether binding
of the specific member to at least one member of the S100
family of genes selected from the group comprising of
S100A7, S100A8, S100A9, S100A10 or S100A2 has
occurred.

[0063] Any suitable antibodies for S100A7, S100AS,
S100A9, S100A10 or SI00A2 may be used. Such antibodies
may be available commercially, sources of which will be
known to those skilled in the art. For example, SI00A7 (Pso-
riasin) antibody is available from Imgenex; S100A8 and/or
S100A9 antibodies are available from Bachem.

[0064] Ina particularly preferred embodiment of the inven-
tion, the assay will employ a suitably designed ELISA (En-
zyme Linked Immunosorbent Assay).

[0065] Examples of suitable reporting systems, which may
for example be used in a suitably designed ELISA, to indicate
whether binding of the specific member to at least one mem-
ber of the S100 family of genes selected from the group
comprising of S100A7, S100A8, S100A9, S100A10 or
S100A2 has occurred may include horseradish peroxidase,
malate dehydrogenase, staphylococcal nuclease, delta-5-ste-
roid isomerase, yeast alcohol dehydrogenase, alpha-glycero-
phosphate dehydrogenase, triose phosphate isomerase, alka-
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line phosphatase, asparaginase, glucose oxidase, beta-
galactosidase, ribonuclease, urease, catalase, glucose-6-
phosphate dehydrogenase, glucoamylase, and acetylcholine
esterase.

[0066] Suitably, for increased sensitivity in the ELISA sys-
tem, the reporting system may use biotinylated antibody
reacting with avidin-peroxidase conjugates. Other methods
of detecting biotinylation may further be used. Such methods
will be apparent to the man skilled in the art and include
detection systems involving streptavidin and systems includ-
ing peroxidase and alkaline phosphatase detecting systems.
[0067] The amount of at least one specific S100 protein
may also be determined by labelling an antibody which spe-
cifically binds to a member of the S100 protein family with a
radioactive isotope. The presence of the radioactive isotope
would then be determined by such means as the use of a
gamma counter or a scintillation counter. Isotopes which are
particularly useful are 3H, 1251, 1231, 32P, 358, 14C, 51Cr,
36C1, 57Co, 58Co, 59we, 75 Se, 1llIn 99mTc, 67Ga, and Y.
[0068] Determination of the amount of at least one specific
S100 protein is also possible by labelling an antibody which
specifically binds to a member of S100 protein family with a
fluorescent compound. When the fluorescently labelled mol-
ecule is exposed to light of the proper wavelength, its pres-
ence can then be detected due to fluorescence of the dye.
Among the most important fluorescent labelling compounds
are fluorescein isothiocyanate, rhodamine, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde, and fluores-
camine.

[0069] Fluorescence emitting metal atoms such as Eu (eu-
ropium), and other lanthanides, can also be used. These can be
attached to the desired molecule by means of metalchelating
groups, such as DTPA or EDTA.

[0070] Another way in which the antibody can be detect-
ably labelled is by coupling it to a chemiluminescent com-
pound. The presence of the chemiluminescent-tagged immu-
noglobulin is then determined by detecting the presence of
luminescence that arises during the course of a chemical
reaction. Examples of particularly useful chemiluminescent
labelling compounds are luminol, isoluminol, aromatic acri-
dinium ester, imidazole, acridinium salt, and oxalate ester.
[0071] Likewise, a bioluminescent compound may also be
used as a label. Bioluminescence is a special type of chemi-
luminescence which is found in biological systems and in
which a catalytic protein increases the efficiency of the
chemiluminescent reaction. The presence of a biolumines-
cent molecule would be determined by detecting the presence
of luminescence. Important bioluminescent compounds for
purposes of labelling are luciferin, luciferase, and aequorin.
[0072] The use of chemiluminescent substrates for HRP
and alkaline phosphatase could also be used.

[0073] Other methods of detecting the presence of a par-
ticular protein such as, for example, PAGE, isoelectric focus-
sing and western blotting may be used. Such methods will be
well known to a person skilled in the art.

[0074] Rather that detecting the presence of the (protein)
gene product, the expression of the gene in question may be
evaluated by assaying for MRNA transcripts of the gene, or
cDNA clones of the mRNA transcripts. Methods for detecting
specific mRNA or cDNA molecules will be well known to
those skilled in the art, for example RT-PCR, Northern Blot or
microarray analysis.

[0075] In one preferred embodiment, real-time PCR (RT-
PCR) is used to assay mRNA transcripts.
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[0076] Several RT-PCR systems are commercially avail-
able, for example, but not limited to TagMan® (Applied
Biosystems, Foster City, Calif., USA), Molecular Beacons,
Scorpions® and SYBR® Green (Molecular Probes), are
available for. All of these chemistries allow detection of PCR
products via the generation of a fluorescent signal.

[0077] According to a fourth aspect of the invention, there
is provided a kit for predicting the presence of non-functional
BRCAL, the reduced expression of functional BRCALI, or a
genetic predisposition to cancer, said kit comprising means
for assaying a sample for expression of at least one member of
the S100 gene family selected from the group comprising
S100A7, S1I00A8, S100A9, SI00A10 or S1I00A2.

[0078] In an embodiment of the kit for determining the
presence of protein of members of the S100 family selected
from the group comprising S100A7, S100A8, S100A9,
S100A10 or S100A2, the kit may include an antibody able to
bind at least one member selected from the group comprising
S100A7, S100A8, S100A9, S100A10 or S100A2, and/or
reagents for a reporting system as discussed above and/or
means for providing the test sample, for example a fine needle
for fine needle aspiration of a tissue sample or other tissue
collection means.

[0079] Suitably, the kit will assay for a specific S100 gene
product using a suitably designed ELISA assay.

[0080] In an embodiment of the kit for determining the
presence the mRNA transcripts for members of the S100
family selected from the group comprising SI00A7, SI00AS,
S100A9, S100A10 or S100A2, the kit may include reagents
for use in PCR, such as polymerase, nucleosides, buffer solu-
tions etc, means for providing the test sample, for example a
fine needle for fine needle aspiration of a tissue sample or
other tissue collection means.

[0081] The kit may suitably be provided with instructions
for use of the kit.

[0082] Preferred features of each aspect of the invention are
as for each of the other aspects mutatis mutandis unless the
context demands otherwise.

Definitions

[0083] The term “predicting the presence” as used herein
should be taken to mean estimating the possibility of the gene
being non-functional. In this regard, it should be understood
that the invention does not always provide a concrete diagno-
sis of the presence of a non-functional gene, nor does it
provide merely a vague indication that a non-functional gene
may be present. Rather, the method of the invention provides
a means of screening a population using a rapid and cost
effective screening process with a view to isolating those
members of the population who have an increased risk of
carrying non-functional BRCAL1 genes. Typically, those iden-
tified by the method of the invention will have a high risk of
being BRCA1 mutation carriers.

[0084] The term “non-functional” as used herein refers to
genes which carry mutations or which are silenced due to
epigenetic inactivation. Inactivation may be partial or com-
plete.

[0085] The term “expression profile” as used herein should
be taken to include expression, over expression and reduced
expression of the gene.

[0086] Theterm “method of determining a suitable chemo-
therapeutic agent for an individual” as used herein should be
understood to mean a predictive estimation of a suitable che-
motherapeutic agent.
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[0087] Therole played by BRCA1 in mediating the pheno-
typic response to a range of chemotherapeutic agents com-
monly used in cancer treatment has previously been evalu-
ated. Here, a mechanism to explain how BRCA1 deficiency
leads to sensitivity to DNA damaging agents such as etopo-
side is provided. Specifically, it is demonstrated herein that
the S100 family of proteins including S100A7 (Psoriasin),
S100A8, S100A9 and S100A10 are DNA damage inducible
and potently repressed by BRCA1 suggesting that overex-
pression of these proteins represents a surrogate marker of
BRCAL deficiency.

[0088] Inaddition it is shown that psoriasin overexpression
mediates sensitivity to etoposide and conversely the inhibi-
tion of endogenous psoriasin results in resistance to etopo-
side, suggesting that psoriasin expression levels may predict
for response to DNA damage based chemotherapeutic agents.
Finally it is demonstrated that the mechanistic basis of pso-
riasin induced sensitivity to etoposide is due to its ability to
inhibit the expression of the cdk inhibitor p27.

[0089] The datathereforeidentifies specific members of the
S100 family of proteins as physiologically important targets
of BRCA1 and indicates that they function as predictive
markers of chemotherapy response.

[0090] Embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying figures, in which:

[0091] FIG. 1 shows microarray analysis comparing gene
expression profiles between the HCC-BR116 and HCC-EV1
Cell Lines (a) Unsupervised hierarchical clustering demon-
strating segregation of the HCC-BR116 and HCC-EV1 cell
lines into two discrete groups, (b) The S100A family genes
psoriasin (S100A7), SI00A8 and S100A9 are expressed at
lower levels in the HCC-BR116 cell line when compared to
the HCC-EV1 cell line;

[0092] FIG. 2 shows BRCAI represses S1I0A7 Psoriasin,
S100A8 and S100A9 at mRNA and Protein Level(a) North-
ern blot demonstrating repression of psoriasin, SI00A8 and
S100A9 mRNA in the HCC-BR116 cell line (lane 2) com-
pared to the HCC-EV1 cell line (lane 1). Reprobing for
GAPDH confirmed equal RNA loading, (b) Western blot
demonstrating repression of psoriasin, SI00A8 and S100A9
mRNA in the HCC-BR116 cell line (lane 2) compared to the
HCC-EV1 cell line (lane 1). Reprobing for GAPDH con-
firmed equal RNA loading, (c) Western blot demonstrating
repression of psoriasin 48 hours following transient transfec-
tion of the pPRecCMV-BRCAL1 vector into the HCC1937 cell
line (lane 2) compared to a vector only transfected control
(lane 1). Reprobing for GAPDH confirmed equal protein
loading and a Western blot confirmed expression of exog-
enous BRCA1 (lane 2), (d) Western blot demonstrating
expression of psoriasin in the AS4 cell line stably expressing
a BRCAL1 antisense construct (lane 2) compared to the vector
only transfected BG1-neo cell line (lane 1). Repression of
BRCAL in the antisense transfected cells (lane 2) is demon-
strated when compared to vector transfected controls (lane 1).
Reprobing for GAPDH confirmed equal protein loading, (e)
Western blot assay demonstrating expression of psoriasin 72
hours following transfection of a BRCA1 specific siRNA
oligonucleotide into the T47D cell line (lane 2) compared to
a scrambled oligonucleotide transfection control (lane 1).
Reduced expression of BRCA1 in the SiRNA transfected
cells (lane 2) compared to a scrambled control (lane 1) is
demonstrated. Reprobing for GAPDH confirmed equal pro-
tein loading, (f) Western blot demonstrating that exogenous
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BRCAL encoding the disease associated mutation E5243A
fails to repress psoriasin in the HCC1937 cells (lane 3) com-
pared to exogenous wild type BRCA1 (lane 2). HCC1937
cells were also transfected with an empty vector as a control
(lane 1). Blotting for BRCA1 confirmed that the mutant
BRCAI (lane 3) was expressed at levels comparable to the
wild type BRCA1 (lane 2). Reprobing for GAPDH confirmed
equal protein loading;

[0093] FIG. 3 confirms that BRCA1 is required for repres-
sion of psoriasin using multiple model systems;

[0094] FIG. 4 demonstrates that BRCA1 forms a repressor
complex with C-Myc on the psoriasin promoter;

[0095] FIG. 5 demonstrates that psoriasin expression levels
predict response to etoposide;

[0096] FIG. 6 demonstrates that Psoriasin modulates sen-
sitivity/resistance to etoposide through the modulation of p27
expression levels; and

[0097] FIG. 7 shows (a) A Northern blot evaluating the
expression of psoriasin mRNA in the HCC-EV1 cell line
(lanes 1 and 3) and the HCC-BR116 cell line (lanes 2 and 4).
Cells were either untreated (lanes 1 and 2) or treated with 1
uM etoposide for 24 hours. The blot was reprobed for
GAPDH as a loading control, (b) A Western blot evaluating
the expression of psoriasin protein in the HCC-EV1 cell line
(lanes 1 and 3) and the HCC-BR116 cell line (lanes 2 and 4).
Cells were either untreated (lanes 1 and 2) or treated with 1
UM etoposide for 24 hours. The blot was reprobed for
GAPDH as a loading control, (c) A 72 hour dose inhibition
study investigating the effect of psoriasin expression on the
response to etoposide in the HP1 and MDA-MB-231-zeo cell
lines. The ICs, values were calculated from the sigmoidal
dose response curves. The results represent three independent
experiments. (Symbols [J=HP1 cell line (psoriasin expres-
sion) A=MDA-MB-231-zeo (empty vector control), (d) A 72
hour dose inhibition study investigating the effect of loss of
psoriasin expression on the response to etoposide in the
HCCEV1 cell line. The IC;, values were calculated from the
sigmoidal dose response curves. The results represent three
independent experiments. (Symbols A=siRNA to psoriasin
[C=scrambled sequence).

EXPERIMENTAL

[0098] A microarray based expression profiling expression
approach was used to compare gene expression profiles of
cells containing functional or non-functional (mutant)
BRCAL. The cell lines used were derived from the BRCA1-
mutant HCC1937 cell line by stable expression of either
wild-type exogenous BRCA1 (HCC-BR116) or an empty
vector (HCC-EV1). Total RNA was extracted in triplicate
from each cell line, biotinylated, and hybridised to the
Affymetrix human genome U133 Plus 2.0 representing
47,000 known transcripts and expressed sequence tags.
Analysis of the microarray data revealed 303 genes that
exhibited BRCA1-dependent expression changes. Unsuper-
vised hierarchical clustering of genes based on their expres-
sion profiles, and samples based on their expression signature
was performed using Pearson correlation as the similarity
metric resulting in 2-dimensional dendrogram. The cluster-
ing of samples or condition tree is shown vertically, and the
clustering of genes or gene tree is shown horizontally. The
samples diverged into two distinct clusters representing the
HCC-BR116 and HCC-EV1 samples respectively. The gene
clusters also diverged into two main groupings at the metan-
ode of the tree with 189 genes induced by BRCA1 and 114
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genes repressed (FIG. 1a). Of particular interest were the
S100A gene family members including psoriasin (S100A7),
S100A8 and S100A9 that were etoposide inducible but mark-
edly repressed by BRCA1. These are displayed as a subset of
the original tree (FIG. 15). Northern and Western blot analy-
sis confirmed that psoriasin, SIO0A8 and S100A9 were
potently repressed by BRCALI in agreement with the microar-
ray data (FIGS. 2a & b).

[0099] To ensure that the observed BRCAI-mediated
repression of psoriasin expression was not a clonal artefact of
the HCC-EV1 and HCC-BR116 cell line models, the experi-
ments were repeated transiently. The HCC1937 cell line was
transiently transfected with either pPRcCMV-BRCAL1 or an
empty pRcCMV vector and protein lysates were extracted
after 48 hours. Transient expression of exogenous BRCA1
dramatically reduced psoriasin expression indicating that the
observed effect in the HCC-BR116 cell line was not due to a
clonal artefact (FIG. 2¢). To further emphasize the signifi-
cance of this effect this analysis was extended to additional
cell line model systems. To study the effect of inhibiting
endogenous BRCA1 function on psoriasin expression, the
BGl-neo ovarian cell line that constitutively expresses a
BRCAL antisense construct (AS4 cells) and an isogenic vec-
tor transfected control cell line (BG1-neo cells) was used and
psoriasin expression analysed in each model. BRCA1 anti-
sense transfected AS4 cell line demonstrated increased
expression of psoriasin at a protein level when compared to
the vector only control cell line (FIG. 2d). To confirm that
BRCAL1 was required to suppress psoriasin in a third model
system, a BRCA1-specific siRNA oligonucleotide was used
to abrogate protein expression in the T47D breast cancer cell
line. In agreement with the BG1 cell line model, reduction of
BRCAL protein expression in the T47D cell line resulted in
upregulation of psoriasin expression (FIG. 2e). Finally, it was
investigated whether a BRCA1 disease-associated mutation
would affect its ability to repress psoriasin expression.
BRCA1-mutant HCC1937 were stably transfected cells with
full length exogenous BRCA1 encoding a disease associated
mutation, E1748A and its effect evaluated on psoriasin
expression. Mutant BRCA1 completely failed to repress pso-
riasin suggesting that psoriasin represents a physiologically
important BRCAL target (FIG. 2f).

[0100] In FIGS. 3A and 3B it is shown in multiple model
systems that where BRCAL is present expression of SI00A7
(Psoriasin) is repressed.

[0101] As shown in FIG. 4 co-immunoprecipitation West-
ern blots confirm an enhanced interaction between BRCA1-
and c-Myc and demonstrate that BRCA1 forms a repressor
complex with C-Myc on the psoriasin promoter. Reprobing
for GAPDH on whole cell lysate confirmed equal protein
loading.

[0102] In FIG. 5 and FIG. 6 the expression profile of pso-
riasin in response to etoposide is illustrated indicating that
psoriasin overexpression mediates sensitivity to etoposide
and conversely the inhibition of endogenous psoriasin results
in resistance to etoposide. Further. psoriasin modulates sen-
sitivity/resistance to etoposide through the modulation of p27
expression levels.

Psoriasin Mediates Sensitivity to Etoposide

[0103] The microarray data also indicated that psoriasin
was etoposide inducible in the absence of functional BRCA1.
As BRCA1-deficient cells have been reported to be highly
sensitive to etoposide, in order to explore whether psoriasin
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plays a role in mediating the cellular response to etoposide,
the expression of psoriasin mRNA and protein following
etoposide treatment of BRCA1-deficient and reconstituted
cells was examined. Northern and Western blot analysis con-
firmed enhanced expression of psoriasin mRNA and protein
in BRCA1 deficient cells following etoposide treatment
(FIGS. 7a & 7b). To examine if psoriasin expression (as
observed in BRCA1 deficient cells) affected sensitivity to
etoposide, dose response assays in MDA-MB231 cells stably
expressing exogenous psoriasin (HP1) compared to vector
only transfected controls (MDA-MB231-zeo) were carried
out. Expression of psoriasin induced a 4000-fold increase in
sensitivity to etoposide (FIG. 7¢) suggesting that it represents
a functionally important BRCA1 target. Consistent with this
observation inhibition of endogenous psoriasin in the
BRCALI deficient, etoposide sensitive HCC-EV cells induced
a greater than 20-fold increase in resistance to etoposide
(FIG. 7d). Collectively these data suggest that loss of
BRCAI1-mediated repression of psoriasin results in enhanced
sensitivity to etoposide implicating psoriasin as a function-
ally important BRCA1 target.

MATERIALS AND METHODS:
Generation of Cell Lines

[0104] HCC-Empty Vector and HCC-BRCAI cells were
generated by the stable transfection of the HCC1937 breast
cancer cell line with the Re/CMV (Invitrogen) or Re/CMV-
BRCALI constructs under selection with geneticin (G418)
(Sigma). The Re/CMYV construct that expresses the neomycin
resistance gene was obtained from Invitrogen and the
Rc/CMV-BRCA1 construct was generated as previously
described (17). These constructs were transfected into the
HCC1937 cell line using Genejuice methodology (Invitro-
gen) according to manufacturer’s instructions. Transfected
cells were selected in 0.2 mg/ml G418, assessed by RT-PCR
for expression of BRCA1 and the resultant HCC-EV and
HCC-BR were selected.

Cell Culture

[0105] The HCC1937 and T47D breast cancer cell lines
were maintained in RPMI supplemented with 20% Foetal
Calf Serum, 1 mM sodium pyruvate and 100 pg/ml penicillin-
streptomycin (all from Life Technologies, Inc). The HCC-
EV1,EV2,EV3,BR116,BR18 and BR-mixed cell lines were
grown in HCC1937 medium supplemented with 0.2 mg/ml
G418.

Flow Cytometry Analysis

[0106] DNA Content was evaluated following propidium
iodide staining of cells as previously described. In all cases
FACS analysis was carried out using an EPICS ELITE flow
cytometer (Coulter).

Drug Sensitivity and Growth Assays

[0107] For drug sensitivity assays HCC-EV and HCCBR
cells were seeded onto 24-well tissue culture plates at a den-
sity of 100,000 cells per well. After 24 hours, cells were
incubated in HCC1937 medium supplemented with the
described concentration ranges of etoposide (Bristol Myers
Squibb). After 72 hours of continuous drug exposure, cells
were detached with trypsin and counted using a Z2 particle
and size analyser (Coulter, Miami, Fla.). IC;5-5, values were
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calculated for each drug from the respective sigmoidal dose
response curves using Prism software.

Antibodies and Western Blot Analysis

[0108] HCC-EV and HCC-BR cells were treated in the
presence or absence of 1 uM etoposide. Protein lysates were
extracted in RIPA buffer (50 uM hepes, pH 7.0, 150 mM
NaCl, 0.1% triton X-100, 0.1% sodium deoxycholate, 0.1%
SDS) separated on a 12% SDS polyacrylamide gel and trans-
ferred to PVDF membrane followed by immunoblotting.
BRCAL1 westerns were carried out using the rabbit poly-
clonal, BRCA1 N-Terminal antibody, D-20 (Santa Cruz).
BRCAL1 IP Westerns were carried out using the rabbit poly-
clonal C-20 (Santa Cruz) and the mouse monoclonal AB1
(Calbiochem). Psoriasin Westerns were carried out using
Imagenex antibody IMG-409A (Clone 47C1068). SI00A8
Westerns were carried out using the Bachem antibody MRP8
(Clone 8-5C2) and S100A9 Westerns were carried out using
the Bachem antibody MRP14 (Clone S36.48).

SiRNA

[0109] T47D cells were transfected witha BRCA1 specific
siRNA oligonucleotide or a control oligonucleotide and
treated with a range of paclitaxel concentrations. After 72
hours of continuous drug exposure, cells were detached using
trypsin and counted using a Z2 particle and size analyser
(Coulter, Miami, Fla.). IC;,_s, values were calculated from
the respective sigmoidal dose response curves. BRCAI
siRNA oligonucleotide 5'-aac ctg tct cca caa agt gtg-3'
Control siRNA oligonucleotide 5'-aaa acc cgu cua gge ugu
uac-3'

Etoposide Sensitivity Studies

[0110] The HCC-EV1 cell line was treated with scrambled
or psoriasin specific siRNA and after 24 hours seeded at
100,000 cells per well on 24 well tissue culture plates. The
MDA-MB-231-zeo and HP1 cell lines cells were seeded onto
24-well tissue culture plates at a density of 100,000 cells/
well. Cells were then incubated in regular medium supple-
mented with etoposide in a concentration range from 100 uM
to 100 pm. After 72 h of continuous drug exposure, cells were
detached with trypsin, and counted using a Z2 particle and
size analyzer (Coulter, Miami, Fla.). Each dose inhibition
study was repeated three times. IC50 values were calculated
from the respective sigmoidal dose-response curves using
Prism software.

Microarray Analysis

[0111] Total RNA (10 pg) derived from the HCC-BR116
and HCC-EV1 cells treated with either with etoposide 1 um
for 24 hours or no chemotherapy was biotin labelled and
fragmented according to standard protocols. Labelled cRNA
was hybridized to Affymetrix Human Genome U133 Plus 2.0
arrays. The hybridized arrays were scanned using a GeneChip
Scanner 3000. The data was converted to expression mea-
sures using the MASS5.0 algorithm (GeneChip operating soft-
ware version 1.1) and raw data imported into the GeneSpring
data analysis program version 6.1 (Silicon Genetics). Nor-
malization was carried out to remove variability in the data,
by dividing each measurement by the 50” percentile of all
measurements in that sample and then by dividing each gene
by the median of its measurements in all samples. Following
normalization the data was log transformed using the natural
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log. Genes were considered for further analysis based on
standard GeneSpring filtering methods. Genes isolated for
further analysis were required to have acceptable Affymetrix
flag calls (present or marginal in all samples), greater than
2-fold differential expression compared to control (in at least
one sample), a t-test p value below 0.05 (in all samples) and
that they passed an error filter based on the Rocke-Lorenzato
model (in all samples). The list of genes that satisfied the
above specifications and the samples, were clustered using a
hierarchical clustering algorithm utilising Pearson Correla-
tion as the similarity measure, giving rise to a 2-dimensional
dendrogram.

[0112] The invention is not limited to the embodiments
hereinbefore described which may be varied construction,
detail and process step.

1. A method of predicting the presence of a non-functional
BRCALI gene in a test biological sample comprising the steps
of:
assaying the test sample to determine an expression profile
of at least one member of the S100 family of genes
selected from the group comprising SI00A7, S100AS,
S100A9, S100A10 or S100A2, and

comparing the expression profile of at least one member
with the expression profile of said member in a control
biological sample,

wherein an increase in the expression of any one of
S100A7, S100A8, S1009A9 or S100A10 or a decrease in
expression of SI00A2 in the test sample being assayed is
indicative that BRCA1 is non-functional.

2. A method of predicting the sensitivity of cancer cells to
treatment with a DNA damaging agent comprising the steps
of:

assaying the test sample to determine an expression profile

of at least one member of the S100 family of genes
selected from the group comprising S100A7, S100AS,
S100A9, S100A10 or S100A2, and
comparing the expression profile of at least one member
with the expression profile of said member in a control
biological sample,
wherein an increase in the expression of any one of S100A7,
S100A8 or SI009A9, S100A10 or a decrease in expression of
S100A2 in the test sample being assayed compared to the
control sample is indicative that the cells are sensitive to a
DNA damaging agent.

3. An in-vitro assay method of detecting a genetic predis-
position to cancer, comprising the steps of:

assaying a test biological sample to determine the expres-

sion profile of a member of the S100 family of genes
selected from the group comprising SI00A7, S100AS,
S100A9, S100A10 or S100A2, and
comparing the expression profile of at least one member

with an expression profile of said member obtained from
a sample(s) from an individual(s) who does not have a
genetic predisposition to cancer,

wherein an increase in the expression of any one of S100A7,

S100A8, S1009A9 or SI00A10 or a decrease in expression of

S100A2 in the test sample being assayed is indicative that the

individual from whom the sample has been provided has a

greater likelihood of a genetic predisposition to cancer.

4. The method as claimed in claim 2 or 3 in which the
cancer is selected from the group comprising: breast cancer;
ovarian cancer; early onset breast cancer; early onset ovarian
cancer; sporadic breast cancer; and sporadic ovarian cancer.
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5. A method as claimed in claim 1, 2 or 3 in which the
biological sample is selected from the group comprising:
tissue; whole blood; and serum.

6. A method as claimed in claim 1, 2 or 3 in which the
assaying step comprises assaying for MRNA transcripts of
the gene of at least one member ofthe S100 family of proteins
selected from the group comprising S100A7, S100AS,
S100A9, S100A10 or S100A2 using RT-PCR.

7. A method as claimed in claim 1, 2 or 3 in which the
assaying step comprises probing the sample with an antibody
to at least one member of the S100 family of proteins selected
from the group comprising S100A7, S100A8, S100A9,
S100A10 or S100A2.

8. A method as claimed in claim 7 in which expression of
the protein is assayed using an ELISA.

9. (canceled)
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10. A kit for predicting the presence of a non-functional
BRCAI1 gene in a sample, comprising means for assaying a
sample for expression of at least one member of the S100
gene family selected from the group comprising S100A7,
S100A8, S100A9, SI00A10 or S1I00A2.

11. The kit as claimed in claim 10 comprising means for
detecting the presence in the sample of at least one S100
protein selected from the group comprising S100A7,
S100A8, S100A9, SI00A10 or S1I00A2.

12. A kit as claimed in claim 11 in which the S100 protein
is S100A7 (Psoriasin).

13. A method according to claim 2 wherein the S100 gene
is S100A7 (Psoriasin).

14. A method according to claim 2 or 3 wherein the DNA
damaging agent etoposide.
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