007/110623 A2 |10 0000 00000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 October 2007 (04.10.2007)

lﬂfb A0 000 T

(10) International Publication Number

WO 2007/110623 A2

(51) International Patent Classification:
GOIN 33/50 (2006.01) CI2N 15/11 (2006.01)
GOIN 33/574 (2006.01) AGIP 35/00 (2006.01)

(21) International Application Number:
PCT/GB2007/001086

27 March 2007 (27.03.2007)
English
English

(22) International Filing Date:
(25) Filing Language:
(26) Publication Language:
(30) Priority Data:

0606096.6 27 March 2006 (27.03.2006) GB
(71) Applicant (for all designated States except US): ISIS

INNOVATION LIMITED [GB/GB]; University Offices,
Wellington Square, Oxford OX1 2JD (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LA THANGUE,
Nicholas, B. [GB/GB]; "Ennelly", Warlock Road, Bridge
of Weir PA11 3SS (GB). FOTHERINGHAM, Susan
[GB/GB]; 292 Oak Road, Cumbernauld, North Lanark-
shire G67 3LG (GB).

Agents: GOODFELLOW, Hugh, Robin et al.; Carp-
maels & Ransford, 43-45 Bloomsbury Square, London
WCI1A 2RA (GB).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JIP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: SCREENING METHOD

l

U20SEcR

50,000 cells/P100

Infact colls with shRNA library
(83 pools/ 96 genes/pool)

No infection

l

Treatment with 2pM SAHA
madia replaced svery third day

Colony formation as a result of resistance to
SAHA-induced apoptosis via shRNA insert

l

i
——

SAHA-induced apoptosis

Gene identification and validation

o (57) Abstract: This invention relates to a novel screening method that identifies simple molecular markers that are predictive of
whether a particular disease condition is responsive to a specific treatment. Also, a method of diagnosing the susceptibility of an
individual suffering from a disease to treatment with an HDAC inhibitor is provided. Also provided is a method of treating a prolif-
erative disease or a condition which involves a change in cell differentiation or growth rate in a patient.

=
=



WO 2007/110623 A2 |00 0T 00000 O 0 O

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



5

10

15

20

25

WO 2007/110623 PCT/GB2007/001086

SCREENING METHOD

The invention relates to a novel screening method that identifies simple molecular
markers that are predictive of whether a particular disease condition is responsive to a
specific treatment. The method thus streamlines programs for drug development, and

informs on how a drug can be used in a clinical setting.

A significant proportion of therapeutic drug candidates fail to become marketable drugs
because of adverse metabolism or toxicity discovered during clinical trials.
Furthermore, many drugs that enter the clinical setting exhibit limiting efficacy and
toxicity. These failures represent a very significant waste of development expenditure
and consequently there is a need for new technologies that can more reliably, quickly
and economically predict at the pre-clinical development stage the metabolic and
toxicological characteristics of drug candidates and their likely efficacy in the prevention

or treatment of disease.

The development of new therapies is complicated and expensive. Taking the example of
cancer, this is a complex genetic disease for which successful therapies have proven
elusive. Furthermore, in the clinical context, tumours frequently acquire resistance to
new treatments. There is thus a great need to develop simple tests that predict tumour
sensitivity to new and existing drugs. The same applies to other disease conditions,

particularly those in which cell proliferation contributes to the disease pathology.
Summary of the invention

According to the invention, there is provided a method for identifying a biomarker that

correlates with the sensitivity of a disease to a drug, the method comprising:
a) exposing a cell to:

1) the drug;

ii) a compound which inhibits the level or activity of a protein in the cell;
b) monitbring for a phenotype in the cell;

wherein the occurrence of a phenotype in the cell that differs from the phenotype evident
when the cell is treated with drug alone identifies the protein or its encoding gene as a

biomarker that correlates with drug sensitivity.
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The invention is a screen that allows disease biomarkers to be identified. The type of
biomarker which can be identified predicts disease sensitivity to new or existing drugs,
and thus allows patients to be stratified into likely responder and non-responder groups.
These biomarkers will improve the probability of clinical success during drug
development, and maximise the therapeutic benefit to the patient by “tailoring” the

therapy to the disease.

The invention is particularly applicable to proliferative conditions such as cancer and
diseases which involve a change in cell differentiation or growth rate. However, any
disease that expresses a biomarker identified according to the invention is a candidate for

treatment with the tested drug.

The technology of the invention is ideally suited to drugs where the route to achieve
maximum clinical efficacy is unclear. Equally, the screen delivers information on critical
genes that are required for drug action. For example, for cancer drugs, the screen

identifies the crucial pathways that are involved in killing tumour cells.

In the approach of the invention, the method involves exposing a cell or population of
cells to two entities. The cells are exposed to a drug, since it is this entity that is under
investigation; this makes the method specific for that particular drug. Second, the cells
are exposed to a compound that modulates the level or activity of a protein that is
potentially required for susceptibility to the drug. As a result of the design of this
methodology, if a differential phenotype is manifested as a result of the exposure of the
cells to the drug as compared to cells that have been exposed to drug but which have not
been exposed to the inhibitory compound, then this indicates that the protein whose level
or activity has been modulated may be implicated in the mechanism of action of the drug

and thus identifies this protein as a useful biomarker.

The working of the methodology can be exemplified with an example in which a
genome-wide siRNA knock-down screen is used to identify functionally-important
genes that influence sensitivity to Histone deacetylase (HDAC) inhibitors. HDAC
inhibitors are a particularly relevant group of new cancer agents. Chemically-distinct
HDAC inhibitors are in clinical development, in particular including peripheral T-cell
lymphoma, cutaneous T-cell lymphoma, chronic lymphocytic leukaemia and androgen-
independent prostate cancer. However, the clinical utility (for example responsive

tumour, stage of disease, relevant drug combination) is, at the current time, impossible to
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predict. Biomarkers that inform on tumour sensitivity patterns would provide a very
important step forward, both in maximising the clinical benefit of the drug and
differentiating between HDAC inhibitors. The example described, whilst focussed on
HDAC inhibitors, has equal application to other classes of mechanism-based therapies in
which a slow-down of cell growth, differentiation or proliferation is required for the

disease to be successfully treated.

Herein, the screening platform has been validated with studies on HDAC inhibitors,
utilising an siRNA library that targets human genes that have been selected on the
association with cancer and other human diseases. HDAC inhibitors kill tumour cells.
Tumour cells treated with the siRNA library and an appropriate HDAC inhibitor survive
due to the loss of a gene that is targeted by the siRNA. They survive by avoiding
apoptosis that would otherwise have been induced by the HDAC inhibitor had the gene
been present and active within the cell. That is, the gene needs to be expressed in order
to confer sensitivity to the HDAC inhibitor. Accordingly, this methodology identifies as
biomarkers, genes that are targets for HDAC inhibitors. Figure 1 depicts an illustration

of how the methodology works.

The method of the invention assesses the response of a cell to a particular drug by
identifying disease biomarkers. The invention can thus be used in many different ways to

evaluate the suitability of a particular cell to treatment with a particular drug.

One example is in the clinic during diagnosis, for example, of tumour cells taken from a
particular patient. If these hypothetical tumour cells are found to have high levels of
gene X or active protein encoded by gene X, and gene X is identified by the
methodology of the invention as being implicated in susceptibility to a particular drug or
drug combination, then that drug or combination of drugs is a good candidate for therapy
in that patient and the tumour is likely to respond better to the drug. Conversely, if gene
X or its encoded protein is only present at low levels then the tumour is unlikely to

respond well to that particular drug.

Quantitative effects of drugs or drug combinations can also be measured. For example,
the compound which inhibits the level or activity of the protein in the cell may be used
in separate tests to inhibit a gene by different degrees and cell phenotype can be
monitored in these separate tests, optionally also under different drug conditions. By

different drug conditions is meant to include different drug concentrations, different
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times of drug exposure, different drug combinations and so on. Of course, various
combinations of different drug concentrations, exposure times and combinations can also

be tested in this system.

In the clinical setting, it will also be very interesting to explore the temporal regulation
of biomarkers during disease progression since the efficacy of drugs and drug
combinations vary through the various stages of disease progression. At present, there
are very limited methods by which such variation can be assessed. The invention allows
temporal effects to be assessed with a view to devising treatments that are not only

bespoke to each patient but also to the particular stage of the disease.

The invention also allows assessment of the degree to which particular diseases such as
tumours are susceptible to mutation. Expression in normal tissue and any polymorphic

influence within the patient population will also be amenable to study using this tool.

It is also possible to deconvolute the mechanism of drug treatment. For example, it is

possible to assess how drug treatment impacts on expression level.

Another application allows drug companies to position their drugs and lead compounds
more effectively. Drugs that show promise during their development for the treatment of
a particular disease generally do so because of a perceived mechanism of action that may
only be partially understood. The method of the invention allows dissection of a
mechanism of action of a drug so that its full potential can more easily be realised. This
is possible because of the facility to demonstrate differences in efficacy between
different patient subgroups (e.g. on the grounds of gender or race), different disease

stages, different gene polymorphisms (e.g. P450, or Fc Receptor) and so on.

It is often the case that a number of drug companies have compounds in clinical
development for the same target. The invention allows a company to position its drug
relative to others, either for a particular disease, or a stage of disease, or a patient group.
This will assist a company in differentiating its own drug’s efficacy, in proving value to
drug approval agencies that are currently on heightened safety alert and in pushing new
treatment paradigms at a time of high scepticism of drug companies’ motives, and rising

cost-sensitivity among payers.

A related application of the invention will be in finding new, safe and effective

applications for drugs that have exhibited adverse side-effects or proven ineffective in

treating the conditions for which they were originally prescribed.
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An example is provided by the class of CDK inhibitors, which show promising anti-
tumour efficacy in vitro but which have not to date been shown to be effective in vivo.
This is probably because researchers have not yet explored their mechanism of action
precisely enough to tailor their use for a clinical setting. The method of the invention

will allow this precise mechanism of action to be investigated.

There are also numerous examples of drugs that have been withdrawn from the market.
An example is Merck’s voluntary worldwide withdrawal of Vioxx (rofecoxib), a COX-2
selective non-steroidal anti-inflammatory drug (NSAID) used to relieve signs and
symptoms of arthritis, acute pain, and painful menstrual cycles, because of evidence that
the drug may cause an increased risk in cardiovascular events such as heart attack and
strokes during chronic use. It is very likely that safe and effective therapies do exist for
Vioxx, but there are very limited existing methods by which such therapies might be

identified. In contrast, the invention allows such an approach.

Another application for the screen of the invention will be in identifying tissues or even
patients that are likely to suffer toxic effects from administration of a drug. For example,
if a particular gene, identified as necessary for susceptibility to a drug, is expressed at a
high level in a normal, non-diseased tissue, this tissue can be identified as sensitive to
the drug. This information can be used to limit the toxicity in healthy tissues. This is

commonly seen with many drugs, particularly anti-cancer drugs.

Biomarkers that predict disease sensitivity, whilst important in the clinical setting, could
have important implications too for understanding the mechanism of action of new
drugs. Again using the cancer field as an example, HDAC inhibitors are known to be
profound apoptotic agents. Mechanistically, however, the identity of crucial downstream
targets that mediate the apoptotic outcome is not clear. The biomarkers identified using
the method of the invention will provide important mechanistic clues in explaining how

tumour cells enter apoptosis.

The method of the invention involves exposing the cell to i) the candidate drug; ii) a
compound that modulates the level or activity of a protein that is potentially required for

susceptibility to the drug.

The candidate drug may be any drug. Examples include drugs proposed for treatment of
cell proliferative disorders, autoimmune/inflammatory disorders, cardiovascular

disorders, neurological and psychiatric disorders, developmental disorders, genetic
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disorders, metabolic disorders, infections and other pathological conditions. Of particular
relevance are diseases in which aberrant cell proliferation plays a role, and including
cancer, neoplasm, brain tumour, glioma, bone tumour, lung tumour, breast tumour,
prostate tumour, colon tumour, haemangioma, myeloproliferative disorder, leukaemia,
haematological disease, angiogenesis disorders, dermatological disease, fibrosis,
cardiovascular disease and endometriosis. Similar examples will be known to those of

skill in the art.

One example of a preferred class of drugs, for which the invention has been exemplified
herein, is the class of HDAC inhibitors. Other examples will be apparent to those of skill
in the art, and include aurora kinase inhibitors, cdk inhibitors, mTOR inhibitors and
natural products such as quercetin and analogues thereof, particularly natural products

for which there may be multiple targets and pathways.

A combination of drugs may also be tested according to the invention. For example,
certain drugs are known to work well in combination, either through additive or
synergistic effects. Equally, many drugs do not work well in combination either because
their mechanistic effects are not compatible or because they interact together. All these
scenarios may be evaluated according to the invention by testing combinations of drugs
together. Combinations may include two, three, four, five, six or more distinct drugs.
When applied in combination, drugs may be used at the same concentration or different
concentrations. Drugs may be used at their recommended dosage or within a
recommended dosage range. Alternatively, drugs can be used at lower or higher
concentration than their recommended dosage, for example, to explore potentially

unexplored mechanisms or to investigate the potential for side-effects of overdosing.

According to the invention, a cell is exposed to the drug. Generally, a population of cells
will be exposed to the drug. By “exposed” is meant that the cell is contacted with the
drug so that its effects may be manifested. Generally, the most appropriate form of
exposure involves incorporation of the drug within the medium in which the cell is
growing, at a suitable concentration. The drug may of course be applied to different
populations of cells in different concentrations and by doing so a dose response

evaluation may be performed.

The cell is also exposed to a compound that modulates the level or activity of a protein

that is potentially required for susceptibility to the drug. One advantage of the invention
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is that the mechanism of action of a drug can be explored without any existing
knowledge of its mechanism of action, or preconception of how it is working.
Accordingly, one appropriate method for performing the invention involves exposure of
a population of cells to a library of compounds, in which each compound in the library
targets a gene or protein that is potentially implicated in the mechanism of action of the

drug.

The compound must modulate the level or activity of a protein which is potentially
implicated in the mechanism of action of a particular drug. The term “modulate”
includes reduction as well as enhancement. The activity or level of the protein may be
modulated by 10%, 20%, 40%, 80%, 150%, 500%, 1000% or more of its wild type
intensity. Preferably, the compound may reduce, inhibit or “knock-out” the expression
level or activity of the protein. More preferably, the compound may reduce, inhibit, or
knock-out the expression level of the protein. The compound preferably reduces the
expression level to within less than 50%, 25%, 10%, 1%, 0.1%, 0.01%, 0.001% or less
of its wild type level.

Examples of nucleic acid compounds that may be used according to the invention
include RNAi, shRNA, siRNA, ribozymes and antisense nucleic acid, such as antisense
RNA. In theory, libraries of antibodies or small molecule compounds could be used.
Particularly preferred is the use of RNAI and, specifically, shARNA that in due course
generates siRNA molecules. siRNA may be delivered using vectors, particularly viral
vectors, or may be introduced directly into cells as synthetic siRNA. One problem with
using direct introduction of synthetic siRNA is the short half-life, which makes long
term effects on gene expression poor. However, advances in siRNA technology are

likely to improve half life significantly over the coming years.

For example, cells may be exposed to a library of siRNA vectors that incorporate within
the cells. The multiplicity of infection can be organised such that on average each cell
incorporates a single vector and this vector expresses an siRNA species that knocks-
down expression of a particular gene. Accordingly, in each cell, the expression of one
gene is knocked out, so allowing the effects of the drug to be evaluated in the absence of
that gene. If the cell survives despite the presence of drug, it can be inferred that the gene
is required for drug sensitivity. Accordingly, cells in which that particular gene is

overexpressed represent good candidates for effective treatment with that drug.
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Preferably, according to the invention, a vectored RNA interference library is used. This
may be a viral vectored RNA interference library, for example, using lentivirus,
adenovirus (Galapagos, Belgium), pox viruses and so on (see, for example, Chen et al.,
2005, J. RNAi and Gene Silencing, 1(1); 5-11). Viral based libraries (including retroviral
libraries) work well because these result in efficient delivery of nucleic acid into cells.
Expression levels can be lower, for example, because retroviruses integrate into DNA
and are thereby influenced by the chromatin environment, although again it is

anticipated that improvements over the coming years will reduce this problem.

Variations on the idea of using libraries are of course possible, as the skilled person will
appreciate. For example, in the case of siRNA libraries, the multiplicity of infection may
be varied, for example, between less than 1 and more than 100 to ensure that gene
knock-down occurs efficiently. Furthermore, different compounds (e.g. siRNAs) can be
used, targeting different parts of a selection of genes (e.g. 10, 100, 1000, 10000), or even
different parts of a single gene. For instance, compounds (e.g. siRNAs) against different

parts of a single gene could be used to explore the differential effects of splice variants.

Tt would also be possible to make the effect of the inhibitory compounds conditional, for
example, using inducible promoters such that expression of a compound (e.g. siRNAs) 1s
made conditional on the presence of a particular inducing agent that can be administered

when required.

A library of compounds used as described above preferably targets a number of different
genes, for example, greater than 100, greater than 1000, greater than 10,000, greater than
15,000, greater than 20,000, greater than 25,000, greater than 30,000, greater than
35,000, or more. The genes targeted by the compounds of the library may be genome-
wide (examples are made by Qiagen, Hilden, Germany; also Dharmacon, Lafayette,
USA). Large-scale libraries have also recently been constructed by academic researchers
(Paddison et al., 2004, Nature 428; 427-431; Berns et al., 2004, Nature, 428; 431-437;
Michiels et al., 2002, Nat. Biotechnol. 201154-1157) and commercially (Galapagos,
Belgium; Genordia AB, Sweden). The genes targeted by the compounds of the library
may be specific to a particular disease (e.g. cancer, neurogenerative disease,

inflammatory disorders).

The screen that has been exemplified herein utilises an siRNA library that targets

approximately 13,000 human genes that have been selected on the association with
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cancer and other human diseases. Cells treated with the siRNA library and an
appropriate drug survive due to the loss of a gene that is targeted by the siRNA. They
survive by avoiding apoptosis that would otherwise have been induced by the HDAC

inhibitor had the gene been present and active within the cell.

The results of the methodology are assessed by looking for a phenotype in the cell.
Preferably, the phenotype in the cell is measured by comparison to control cells.
Suitably, control cells have been treated with the candidate drug but have not been
exposed to the compound that modulates the level or activity of the protein that is
potentially required for susceptibility to the drug. In this way, any phenotype that is

observed can be tied specifically to the effects of the compound.

Any phenotypic difference between treated cells and control cells is potentially of
interest. A phenotype may relate to the general function or appearance of the cell, or may
be a molecular phenotype, such as an increase or decrease in the level or activity of a
particular protein. In this sense, a specific phenotype may be tested for, using molecular
techniques such as RT-PCR, immunohistochemistry, Western blotting, DNA blotting

and so on.

In one preferred embodiment, the observed phenotype may be the survival or growth
characteristics of the cell. For example, in the illustration of the invention that is
described above using siRNA vectors to knock out expression of a particular gene,
survival is indicative of knock-out of a gene that is required for susceptibility to the drug.
Survival can be measured in a number of different ways, as the skilled person will
understand. Examples include cell viability and survival assays which are well known in
the art. In the examples used herein, cell survival was monitored by looking for the
appearance of colonies on plates co-treated with drug and the siRNA-encoding viral

library.

According to a further aspect of the invention various genes have been implicated in the
susceptibility of cells to HDAC inhibitors. These discoveries allow a number of
developments. For example, tumours can be stratified into groupings that are likely to
undergo more favourable responses to HDAC inhibitors. Specific evaluations can be
made of a patient’s expression profile for one or more of these genes, and based on these
evaluations, a diagnosis can be formulated as to whether the patient is a suitable

candidate for treatment with an HDAC inhibitor. If so, a more detailed evaluation can
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then be made as to what form the treatment should best take (e.g. dosage, time and

method of administration, drug combination).

It is also likely that screens of the type described herein will identify known therapeutic
targets such as enzymes as determinants of drug sensitivity. Information such as this will
therefore predict likely combinations of drugs that will be effective in the clinic. For
example, in the context of HDAC inhibitors, it may be that such inhibitors can be used to
treat tumours in conjunction with a drug against a therapeutic target identified in the

Screc.

These discoveries also progress our mechanistic understanding of the method of action
of HDAC inhibitors. Herein, we have identified the critical regulatory pathways affected
by HDAC inhibitors and necessary for the apoptotic outcome. We hypothesise that the
proteins identified through the knock-down screen may themselves be modified by
acetylation, or alternatively may interact with other proteins subject to acetylation
control, allowing them to be modified and function in pathways required for apoptosis.
Elucidating the role of these novel effector proteins will identify essential pathways

which are targeted by HDAC inhibitors and necessary for the induction of apoptosis.

For example, these discoveries allow the development of regulators, such as small drug
molecules, that affect the activity of the proteins encoded by these genes, so allowing
diseases and physiological conditions that are treatable using HDAC inhibitors to be
refined. For example, such regulator molecules may affect the acetylation state of these
proteins, or may affect their ability to interact with other proteins that are subject to

acetylation by HDAC inhibitors.

Genes identified herein with high confidence as being essential for susceptibility to the
action of HDAC inhibitors include those listed in Figure 2 herein. These genes are
hHRAD23B (NM_002874; human rad 23B); RFC1 (NM_002913; replication factor
C1); MYD88 (NM_002468; myeloid differentiation primary response gene 88); PTBP1
(NM_002819; polypyrimidine tract binding protein 1); PPP4R1 (NM_005314; protein
phosphatase 4 regulatory subunit 1); LIF (NM_002309; leukaemia inhibitory factor);
LIFR (NM_002310; leukaemia inhibitory factor receptor). Other genes identified include
SCBGB2A2 (NM _002411; secretoglobin, family 2A, member 2); HLA-DQBI
(NM_002123; major histocompatibility complex, class II, DQ beta 1); PVRLI
(NM_002855; poliovirus receptor-like 1); SERPA10 (NM_016186; serpin A10); HEXB
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(NM_000521; hexosaminidase B); PPAT (NM_002703; phophoribosylpyrophosphate
amidotransferase); LDHB (NM_002300; lactate dehydrogenase B); MAN2AI
(NM_002372; mannosidase 2A member 1); PLECK2 (NM_016445; pleckstrin 2); and
SART2 (NM_013352; squamous cell carcinoma antigen recognised by T cell).

These discoveries allow the development of diagnostic agents and methods that are
suitable for assessing a particular patient or patient sample for susceptibility to treatment
with an HDAC inhibitor, such that tumours can be stratified into groupings that are
likely to undergo more favourable responses to HDAC inhibitors. It also paves the way
for the identification of mutations and polymorphisms (such as SNPs) within genes
coding for these proteins, so allowing the assessment of an individual patient’s potential

for treatment using an HDAC inhibitor.

This aspect of the invention provides a method of diagnosing the susceptibility of an
individual suffering from a disease to treatment with an HDAC inhibitor, the method
comprising assessing the sequence, or level of expression or activity of any one of the
genes from the group of hHRAD23B, RFC1, MYDSS, PTBP1, PPP4R1, LIF, LIFR,
SCBGB2A2, HLA-DQBI1, PVRLI, SERPA10, HEXB, PPAT, LDHB, MAN2AI,
PLECK2 and SART?2, or their expression products, in tissue from said patient and
comparing said sequence, level of expression or activity to a reference, wherein a
sequence, level of expression or activity that is different to said reference is indicative of
an altered susceptibility to treatment with the HDAC inhibitor relative to the reference
state. Generally, a level that is significantly higher than the reference level will indicate
that the individual is more susceptible to treatment with the HDAC inhibitor. A level that
is significantly lower than the reference level is indicative of an individual’s potential
resistance to treatment with the HDAC inhibitor. By “significant” is meant that the level
of expression or activity is more than 10%, 25%, 50%, 100%, 250%, 500%, 1000% or

more, lower than the reference level.

The expression product is preferably a protein, although alternatively mRNA expression
products may be detected. If a protein is used, the protein may be detected by an
antibody which preferably binds specifically to that protein. The term "binds

specifically" means that the antibodies have substantially greater affinity for their target

-polypeptide than their affinity for other related polypeptides, and preferably do not

cross-react with other proteins. As used herein, the term "antibody" refers to intact
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molecules as well as to fragments thereof, such as Fab, F(ab")2 and Fv, which are
capable of binding to the antigenic determinant in question. By “substantially greater
affinity” we mean that there is a measurable increase in the affinity for the target
polypeptide of the invention as compared with the affinity for other related polypeptide.
Preferably, the affinity is at least 1.5-fold, 2-fold, 5-fold 10-fold, 100-fold, 103-fold, 10*-
fold, 10°-fold, 10%fold or greater for the target polypeptide. Preferably, the antibodies
bind to the detected protein with high affinity, preferably with a dissociation constant of
10™*M or less, preferably 10"M or less, most preferably 10°M or less; subnanomolar

affinity (0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3 ,0.2, 0.1 nM or even less) is preferred.

For example, the method may comprise the steps of: (a) contacting a ligand of
hHRAD23B, RFC1, MYDS88, PTBP1, PPP4R1, LIF, LIFR, SCBGB2A2, HLA-DQBI1,
PVRL1, SERPA10, HEXB, PPAT, LDHB, MAN2A1, PLECK2 or SART2, such as an
antibody against one of these proteins, with a biological sample under conditions

suitable for the formation of a ligand-protein complex; and (b) detecting said complex.

Where mRNA expression product is used, it is preferably detected by the steps of
contacting a tissue sample with a probe under stringent conditions that allow the
formation of a hybrid complex between the mRNA and the probe; and detecting the
formation of a complex. Preferred methods include comparing the amount of complex
formed with that formed when a control tissue is used, wherein a difference in the
amount of complex formed between the control and the sample indicates the presence of
cancer. Preferably the difference between the amount of complex formed by the test
tissue compared to the normal tissue is an increase or decrease. More preferably a two-
fold difference in the amount of complex formed is deemed significant. Even more
preferably, a 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 50-fold or even 100-fold increase or

decrease in the amount of complex formed is significant.

In this alternative methodology, the method may comprise the steps of: a) contacting a
sample of tissue from the patient with a nucleic acid probe under stringent conditions
that allow the formation of a hybrid complex between a nucleic acid molecule coding for
hHRAD23B, RFC1, MYDS88, PTBP1, PPP4R1, LIF, LIFR, SCBGB2A2, HLA-DQBI,
PVRLI1, SERPA10, HEXB, PPAT, LDHB, MAN2A1, PLECK2 or SART2 and the
probe; b) contacting a reference sample with the probe under the same conditions used in

step a); and ¢) detecting the presence of hybrid complexes in said samples; wherein
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detection of levels of the hybrid complex in the patient sample that differ from levels of
the hybrid complex in the reference sample is indicative of an altered susceptibility to

treatment with the HDAC inhibitor relative to the reference state of disease.

The method may comprise the steps of: a) contacting a sample of nucleic acid from
tissue of the patient with a nucleic acid primer under stringent conditions that allow the
formation of a hybrid complex between a nucleic acid molecule encoding hHRAD23B,
RFC1, MYDS88, PTBP1, PPP4R1, LIF, LIFR, SCBGB2A2, HLA-DQBI, PVRLI,
SERPA10, HEXB, PPAT, LDHB, MAN2A1, PLECK2 or SART2 and the primer; b)
contacting a reference sample with the primer under the same conditions used in step a);
¢) amplifying the sampled nucleic acid; and d) detecting the level of amplified nucleic
acid from both patient and reference samples; wherein detection of levels of the
amplified nucleic acid in the patient sample that differ significantly from levels of the
amplified nucleic acid in the reference sample is indicative of an altered susceptibility to

treatment with the HDAC inhibitor relative to the reference state.

The method may comprise the steps of: a) obtaining a tissue sample from a patient being
tested for disease; b) isolating a nucleic acid molecule encoding hHRAD23B, RFCI1,
MYDS8, PTBP1, PPP4R1, LIF, LIFR, SCBGB2A2, HLA-DQBI1, PVRLI, SERPAIO,
HEXB, PPAT, LDHB, MAN2AI, PLECK2 or SART?2 from the tissue sample; and c)
diagnosing the patient by detecting the presence of a mutation which is associated with
an altered susceptibility to treatment with the HDAC inhibitor. This method may further
comprise amplifying the nucleic acid molecule to form an amplified product and
detecting the presence or absence of a mutation in the amplified product. The presence
or absence of the mutation in the patient may be detected by contacting the nucleic acid
molecule with a nucleic acid probe that hybridises to the nucleic acid molecule under
stringent conditions to form a hybrid double-stranded molecule, the hybrid double-
stranded molecule having an unhybridised portion of the nucleic acid probe strand at any
portion corresponding to a mutation associated with the susceptibility profile; and
detecting the presence or absence of an unhybridised portion of the probe strand as an

indication of the presence or absence of a susceptibility-associated mutation.

According to a further aspect of the invention, there is provided a nucleic acid molecule,

which:
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i) comprises a sequence recited in any one of accession numbers NM_002874;
NM_002913; NM_002468; NM_002819; NM _005314; NM_002309; NM_002310;
NM_002411; NM_002123; NM_002855; NM_016186; NM_000521; NM_002703;
NM_002300; NM_002372; NM_016445; and NM_013352;

ii) is a fragment of a sequence according to i);
iit) comprises the complement of i) or ii);
iv) hybridizes under high stringency conditions a nucleic acid molecule according to i) or ii);

for use in the diagnosis or therapy of a proliferative disease such as cancer or a disease

or condition which involves a change in cell differentiation or growth rate.
According to a further aspect of the invention, there is provided a protein, which protein:

i) has an amino acid sequence encoded by a nucleic acid sequence recited in any one of
accession numbers NM_002874; NM_002913; NM 002468; NM._002819;
NM_005314; NM 002309; NM_002310; NM_002411; NM_002123; NM_002855;
NM_016186; NM_000521; NM_002703; NM_002300; NM_002372; NM_016445; and
NM_013352;

ii) is a fragment of a protein according to i), provided that said fragment retains a
biological activity possessed by the full length polypeptide of i) or ii), or has an antigenic

determinant in common with the polypeptide of 1) or ii);

for use in the diagnosis or therapy of a proliferative disease such as cancer or a disease

or condition which involves a change in cell differentiation or growth rate.

The invention also includes ligands, such as antibodies, which bind specifically to, and
which preferably inhibit the activity of a protein that comprises an amino acid sequence
encoded by a nucleic acid sequence recited in any one of accession numbers
NM_002874; NM_002913; NM_002468; NM_002819; NM_005314; NM_002309;
NM_002310; NM_002411; NM_002123; NM_002855; NM_016186; NM_000521;
NM_002703; NM_002300; NM_002372; NM_016445; and NM_013352. Such ligands
may be used in the manufacture of a medicament for the diagnosis or therapy of a
proliferative disease such as cancer or a disease or condition which involves a change in

cell differentiation or growth rate.
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The biological sample used in the methods of the invention is preferably a tissue sample.
Any tissue sample may be used, such as blood, urine, saliva, or a specific tissue biopsy.
Preferably, cells are isolated using non-invasive procedures, for example, by isolating

circulating tumour cells to provide the necessary material for biomarker measurement.

The invention also provides a method of treating a disease in a patient in need of such
treatment by administering to a patient a therapeutically effective amount of a protein, a
nucleic acid molecule or ligand as described above. Such compounds may be
administered in the form of a pharmaceutical composition. Such a composition will
include the compound in conjunction with a pharmaceutically-acceptable carrier. Such a
compound may be administered in conjunction with an HDAC inhibitor, for example, by

separate, simultaneous or sequential administration.

The invention also provides a method of monitoring the therapeutic treatment of a
disease or physiological condition in a patient, comprising monitoring over a period of
time the level of expression or activity of a protein, nucleic acid molecule, or ligand
according to any one of the above-described aspects of the invention in a tissue from
said patient, wherein altering said level of expression or activity over the period of time
towards a control level is indicative of regression of said disease or physiological
condition. The level of expression or activity of a gene or its encoded protein at a first
time point may be compared to the expression of the same expression product at a
second time point, wherein a change in expression or activity at the second time point
relative to the first time point may be correlated with the regression or progression of a

disease in which the gene is implicated.

A still further aspect of the invention provides a method of treating a proliferative
disease or condition (as described above) which involves a change in cell differentiation
or growth rate by modulating the acetylation state of any one of the proteins encoded by
hHRAD?23B, RFC1, MYDS88, PTBP1, PPP4R1, LIF, LIFR, SCBGB2A2, HLA-DQBI,
PVRL1, SERPA10, HEXB, PPAT, LDHB, MAN2A1, PLECK2 and SART2. Such a
method may modulate the acetylation state of more than one of these proteins, for
example, 2, 3, 4, 5, 6, 7, 8 or all 9. Preferably, the acetylation state of these proteins is

reduced according to the invention.

The methods described herein may be carried out in vivo or in vitro.
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In a further aspect, the invention provides a method for the identification of a compound
that is effective in the treatment and/or diagnosis of a proliferative disease such as cancer
or a disease or condition which involves a change in cell differentiation or growth rate,
comprising contacting a protein, nucleic acid molecule, or ligand according to any one of
the above-described aspects of the invention with one or more compounds suspected of
possessing binding affinity for said protein, nucleic acid molecule or ligand, and
selecting a compound that binds specifically to said nucleic acid molecule, protein or

ligand.

According to a still further aspect of the invention, there is provided a kit useful for
diagnosing a patient, particularly for assessing suitability for HDAC treatment,
comprising a first container containing a nucleic acid probe that hybridises under
stringent conditions with a nucleic acid molecule according to any one of the aspects of
the invention described above; a second container containing primers useful for
amplifying said nucleic acid molecule; and instructions for using the probe and primers
for facilitating the diagnosis. The kit may additionally comprise a third container holding

an agent for digesting unhybridised RNA.

To facilitate in the diagnosis using one of the methods outlined above, in a further
aspect, the invention provides an array of at least two nucleic acid molecules, wherein
each of said nucleic acid molecules either corresponds to the sequence of, is
complementary to the sequence of, or hybridises specifically to a nucleic acid molecule
according to any one of the aspects of the invention described above. Such an array may
contain nucleic acid molecules that either correspond to the sequence of, are
complementary to the sequence of, or hybridise specifically to at least 1-9 or more of the
nucleic acid molecules as recited above. The nucleic acid molecules on the array may
consist of oligonucleotides of between twelve and fifty nucleotides, more preferably,
between forty and fifty nucleotides. Alternatively, the nucleic acid molecules on the
array may consist of PCR-amplified cDNA inserts where the nucleic acid molecule is

between 300-2000 nucleotides.

In a related aspect, again useful for diagnosis, the invention provides an array of
antibodies, comprising at least two different antibody species, wherein each antibody
species is immunospecific with a protein as described above. The invention also

provides an array of proteins, comprising at least two protein species as recited above.
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Kits useful in the diagnostic methods of the invention may comprise such nucleic acid,

antibody and/or protein arrays.

According to the invention, a kit may also comprise one or more antibodies that bind to a
protein as recited above, and a reagent useful for the detection of a binding reaction

between the antibody and the protein.

According to a still further aspect of the invention, there is provided a genetically-
modified non-human animal that has been transformed to express higher, lower or absent
levels of a protein according to any one of the aspects of the invention described above.
Preferably, said genetically-modified animal is a transgenic or knockout animal. Most

preferably, the genetically-modified animal is a rodent, such as a mouse.

The invention also provides a method for screening for a compound effective to treat a
disease condition, by contacting a non-human genetically-modified animal as described
above with a candidate compound and determining the effect of the compound on the

physiological state of the animal.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, recombinant DNA

technology and immunology, which are within the skill of those working in the art.

Most general molecular biology, microbiology recombinant DNA technology and
immunological techniques can be found in Sambrook et al., Molecular Cloning, A
Laboratory Manual (2001) Cold Harbor-Laboratory Press, Cold Spring Harbor, N.Y. or
Ausubel et al., Current protocols in molecular biology (1990) John Wiley and Sons, N.Y.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.

Generally, diseases where susceptibility to HDAC inhibitors may be of interest include

cell proliferative disorders such as cancer.

Brief description of the Figures

Figure 1 shows a summary of functional knockdown screen results.
a) Outline of ShRNA screening strategy

b) Colonies isolated in the functional screen.
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Figure 2 shows genes identified in the knock-down HDAC inhibitor screen. (a) PCR
amplification of pRetroSuper inserts from genomic DNA of isolated colonies and
BLASTn search of resulting sequence allowed identification of genes knocked down in
SAHA-resistant colonies. These genes were then prioritized according to likelihood of
involvement in the cell cycle according to information from literature database searches.
(b) Main function, localisation and associated proteins of high probability group of
SAHA-sensitivity genes.

Figure 3 shows the effect of shRNA from pRetroSuper on target genes. Western blot
analysis of screen cell extracts from cells expanded from single surviving colonies to
determine knockdown off the genes in high priority group identified via the presence of
the shRNA insert.

Figure 4 shows a comparison of stable versus transient knockdown. (a) Two knockdown
vectors against hHR23B (HI and HII) along with a short hairpin siRNA containing the
pRetroSuper insert sequence were transiently transfected into U20S cells for 48 or 72
hours to determine if similar levels of knockdown could be produced compared to
control siRNA. (b) Two knockdown vectors were produced against RFC-1 (A and B)
along with a short hairpin siRNA containing the pRetroSuper insert sequence were
transiently transfected into U20S cells for 48 hours. Levels of both genes were then
compared to the levels of knockdown observed in the cells isolated from the screen.
PCNA was used as a loading control. NS = non-specific pRetroSuper, pRS =
pRetroSuper.

Figure 5 shows the effect of synthetic siRNA RFC1 on HDAC inhibitor sensitivity. a)
U20S cells were treated with siRNA RFC1 followed by SAHA (as described) and the
level of sub-G1 (apoptotic) cells measured. The data represent the percentage change in
the sub-G1 fraction, in which the control treatment siRNA lamin was set to 100%. b)

U208 cells treated as indicated were immuno-blotted with anti-RFC1 or antilamin A/C.
Examples

Materials and Methods

Cell culture and transfection.

Cells were cultured in DMEM (MCF7, U20S and SAOS2) or RPMI-40 (A2780)
containing 10% FCS and 1% penicillin/streptomycin (Gibco). U20S cells were
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transfected with synthesised short hairpin siRNAs (Dharmacon) as indicated using

oligofectamine (Invitrogen) to a final concentration of 100nM before harvesting.
FACS analysis.

Cells were fixed in 50% ethanol/PBS overnight at 4°C and incubated for 30 hliﬂ with 1 x
RNAse A and 20ng/ml propidium iodide. Samples were run on a FACScan flow

cytometer (BD Bioscience) and analysed using CellQuestPro software.
pRetroSuper RNAi knockdown screen.

U208 cells expressing the murine ectropic receptor (U20SEcR) were infected with the
pRetroSuper RNAi library (Brummelkamp et al, 2002a/b). Each pool of the library
contained 100 siRNAs per well. Cells were allowed to recover for up to 72 hours to
allow for siRNA expression and knockdown and were then plated overnight (40,000
cells per plate). 2ul SAHA was then added to each plate (cell number and SAHA
concentration were determined prior to the screen). SAHA containing media was then
replaced every 3 days for 18-30 days until the appearance of colonies on plates co-
treated with SAHA and the viral library. Colonies were then picked and expanded to

allow isolation of total genomic DNA and total protein (Figure 1).
DNA isolation, PCR and gene identification.

Genomic DNA was isolated from colony cells using lysis buffer (100mM Tris pHS8.5,
0.2% SDS, 200mM NaCl and 100ug/ml proteinase K) and left at 37 oC for 30 minutes
with shaking to allow DNA to precipitate. One volume of isopropanol was then added to
the lysate and the DNA precipitate dissolved in 10mM Tris pH7.5, alldwing it to be used
in PCR to determine the identity of the gene in question. PCR was carried out using the
Expand Long Template PCR System (Roche). The genomic insert was recovered by
using the primers: pRS forward: 5’- CCCTTGGAACCTCCTCGTTCGACC-3’ and PRS
reverse: 5’- CAGACGTGCTACTTCCATTTGTC-3". Each PCR was analysed on 1.2%
1xTBE/Agarose gel. The PCR product was then sequenced (Lark Technologies) to allow

the gene of interest to be identified.
Immunoblotting,.

Cells were washed with PBS and lysed in TNN lysis buffer (50mM Tris pH 8, 120mM
NaCl, 0.5% NP-40, 1mM dithiothreitol, and protease inhibitors) at 40C for 20 min. The

extracts were centrifuged at 16,000g for 10 min to remove cell debris. Cell lysate was
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normalised (Bradford assay) and equal protein loading was confirmed with Ponceau S
staining. Total protein was resolved by denaturing SDS-polyacrylamide gel
electrophoresis (PAGE) before electrotransfer to Protran nitrocellulose membrane, and
subsequently probed with antibody. The antibodies used were RFC-1, MYD88, LIF,
LIFR and hoRNPI (Santa Cruz Biotechnology), and hHR23B (Biomol). Enhanced

chemi-luminescence (Pierce) was used to visualize antibody binding.
1. A functional knock-down screen for drug sensitivity genes.

The shRNA knock-down screen (Brummelkamp et al, 2002a) involves the use of an
shRNA (in pRetroSuper) library targeting greater than 8,000 human genes and contains
three shRNA expressing vectors for each gene. The siRNAs produced from the sShRNAs
induce a strong and specific suppression of gene expression (Brummelkamp et al.,,
2002a, b) and the stable expression of siRNAs using pRetroSuper mediates suppression
of gene expression over prolonged periods of time. This allows the analysis of loss-of-

function phenotypes in long term assays.

We refined the screen to enable the identification of genes necessary for HDAC-inhibitor
induced apoptosis to be identified. The rationale behind the screen is that the knock-
down of genes required for HDAC inhibitor induced apoptosis would allow cells to
proliferate and grow in the presence of the HDAC inhibitor (Figure 1). These cells can
then be isolated, the identity of the knock-down genes determined and, thereafter, the
role of the genes validated in functional assays. From 132 colonies, about 25 produced
DNA sequence that enabled the identity of the target genes to be determined (this may
result from cells becoming infected with more than one virus shRNA construct). The
genes targeted by the siRNA (Figure 2a) were arbitrarily divided into three groups based
on the likelihood that they were involved in pathways involved with proliferation

control; the key features of the genes are summarised in Figure 2b.

To confirm that the gene identified via the shRNA DNA sequence was in fact knocked-
down, the expression level of certain of the encoded proteins was investigated. Almost
complete knock-down was observed in the case of the LIF receptor and RFC1, whilst
partial knockdown was observed in the case of MYD88, hnRNP I and hHR23B (for LIF,
the quality of the antibody was very poor, and an antibody was not available to PP4R1,

so these two genes could not be finally validated). RT-PCR was also carried out using
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gene specific primers to determine the RNA levels of these genes in cells containing the

pRetroSuper insert (Figure 3a).

The sequence within the pRetroSuper vector was compared to that of synthetic siRNAs
targeting the same sequence as the pRetroSuper insert. Two other synthetic siRNAs
derived from other regions of the RNA and previously shown to cause knockdown of
RFC-1 and hHR23B were also investigated (Anderson and Perkins, 2003; Glockzin et
al, 2003). For hHR23B the siRNA sequence taken from the pRetroSuper vector
produced efficient knock-down when introduced as an siRNA after 48 hours, whilst two
other synthetic unrelated sequences targeting hHR23B RNA (HI and HII) also produced
efficient knockdown (Figure 4). The level of knock-down produced by the hHHR23B
shRNA after 48 hours treatment was comparable to that of the stable knock-down cells.
Knock-down of RFC-1 by the two other sequences (RA and RB) was very efficient after
48 hours whereas the synthetic siRNA against the sequence from the pRetroSuper insert
did not cause knockdown after 48 hours treatment (Figure 4). The level of knock-down
by the ShRNAs A and B was comparable to that of the stable cell lines from the screen.
The discrepancies between the level of knock-down could be a result of the different
mechanisms, as an siRNA may be more or less effective depending on the method of

delivery (for example transient versus stable expression).

In order to validate the role of the genes identified through the screen in regulating
sensitivity to HDAC inhibition, we assessed the effect of knock-down on HDAC
inhibition. Considering Rad23B and RFCI1, the introduction of siRNAs against distinct
regions of each gene reduced the sensitivity of U20S cells to HDAC inhibitor-induced
apoptosis (Figure 5). For siRNA RFC1, the reduction in the level of apoptosis was very
significant, reaching as high as 35%. The effect of siRNA RFC1 thus validates the
approach as a platform to identify genes that influence sensitivity to HDAC inhibitors.

Importantly, the platform can now be applied to other types of drugs, particularly where
the cessation of cellular proliferation is the outcome of the drug treatment. The pathways
involved in HDAC inhibitor mediated apoptosis are most likely to be quite diverse but
through the functional siRNA knock-down screen described here it has been possible to
identify the critical regulatory pathways affected by HDAC inhibitors and necessary for

the apoptotic outcome.
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It is possible that the proteins identified through the knock-down screen are themselves
modified by acetylation, or alternatively interact with other proteins subject to
acetylation control, allowing them to be modified and function in pathways required for
apoptosis. Elucidating the role of these novel effector proteins may identify essential
5 pathways which are targeted by HDAC inhibitors and necessary for the induction of
apoptosis. Equally, these genes could encode biomarkers which allow tumours to be
stratified into groupings that are likely to undergo more favourable responses to HDAC
inhibitors. Most importantly, the screening strategy described here is generally

applicable in that it can be applied to cancer drugs against other targets.
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CLAIMS

1.

10.

11.

A method for identifying a biomarker that correlates with the sensitivity of a

disease to a drug, the method comprising:

a) exposing a cell to:

1) the drug;

ii) a compound which inhibits the level or activity of a protein in the cell;
b) monitoring for a phenotype in the cell;

wherein the occurrence of a phenotype in the cell that differs from the phenotype
evident when the cell is treated with drug alone identifies the protein or its

encoding gene as a biomarker that correlates with drug sensitivity.
A method according to claim 1, wherein the compound is a nucleic acid.
A method according to claim 1 or claim 2, wherein the compound is siRNA.

A method according to any one of the preceding claims, wherein the compound

reduces the expression level of the protein.

A method according to claim 4, wherein the compound knocks out the expression

of the protein.

A method according to any one of the preceding claims, wherein the exposing

step involves incubating the cell in the presence of the drug.

A method according to any one of the preceding claims, wherein a population of

cells are exposed to the drug.

A method according to claim 7, wherein the population of cells are exposed to a

library of compounds.

A method according to claim 8, wherein the library of compounds is an siRNA
library.
A method according to claim 9, wherein the library of compounds is a vectored

RNA interference library.

A method according to claim 10, wherein the library is a viral vectored RNA

interference library.
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13.

14.

15.

16.

17.

26

A method according to any one of the preceding claims, wherein the cell or cells

are isolated from a patient.

A method according to any one of the preceding claims, wherein the drug is an
HDAC inhibitor.

A method according to any one of the preceding claims, wherein the cell or cells

are exposed to a combination of drugs.

A method according to any one of the preceding claims, wherein the phenotype is

the survival or growth characteristics of the cell or cells.

A method of diagnosing the susceptibility of an individual suffering from a
disease to treatment with an HDAC inhibitor, the method comprising assessing
the level of expression or activity of any one of the proteins encoded by
hHRAD?23B, RFC1, MYD88, PTBP1, PPP4R1, LIF, LIFR, SCBGB2A2, HLA-
DQBI1, PVRL1, SERPA10, HEXB, PPAT, LDHB, MAN2A1, PLECK2 and
SART?2, in tissue from said patient and comparing said level of expression or
activity to a reference level, wherein a level that is different to said reference
level is indicative of an altered susceptibility to treatment with the HDAC

inhibitor relative to the reference state.

A method of treating a proliferative disease or a condition which involves a
change in cell differentiation or growth rate in a patient by modulating the
acetylation state of any one of the proteins encoded by hHRAD23B, RFCI1,
MYD88, PTBP1, PPP4R1, LIF, LIFR, SCBGB2A2, HLA-DQBI1, PVRLI,
SERPA10, HEXB, PPAT, LDHB, MAN2A1, PLECK2 and SART2.
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