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Figure 4

RbAp48

B-Actin

MOLT-4 CCRF HCT-116 KM-12 MAL-ME MDA-231 H460 Hs-578T
-3M



U.S. Patent Feb. 1, 2011 Sheet 12 of 15 US 7,879,545 B2

Figure
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Figure 6
Cell Line Classification Pf;‘;‘iczted MeS.l:que‘l Conet:(t:lglnl‘:sfl(;;t:lﬂon Prtd.ictedr)ni:r;:!::ured SF2

BREAST_BTS549% Correct 0.58 0.63 0.53 -0.056
BREAST HS578T Correct 0.79 0.79 0.69 -.004
BREAST MDAMB231 Correct 0.53 0.82 0.44 -0.288
BREAST_T47D Correct 0.62 0.52 0.62 0.095
CNS_U251 Correct 0.67 0.57 0.71 0.097
COLON_COLO205 Correct 0.59 0.69 0.59% -0.104
COLON_HCTI16 Correct 0.41 0.38 0.48 0.025
COLON_HCT15 Correct 0.46 04 0.5 0.059
COLON_HT2% Correct 0.64 0.79 0.56 -0.148
MELAN_M14 Correct 0.37 0.42 0.32 -0.046
MELAN_MALME3M Correct 0.72 0.8 0.7 -0.079
MELAN SKMEL2 Correct 0.74 0.66 0.76 0.08

MELAN SKMEL28 Correct 0.65 0.74 0.64 -0.08%
NSCLC_A349ATCC Correct 0.55 0.61 0.43 -0.055
NSCLC_H460 Correct 0.74 0.84 0.74 -0.097
OVAR_OVCAR3 Correct 0.58 0.55 065 0.033
OVAR_OVCARS Correct 052 0.41 0.65 0.116
PROSTATE _DU145 Correct 0.62 0.52 0.63 0.098
PROSTATE_PC2 Correct 0.6 0.48 0.61 0.115
RENAL_A498 Correct 0.67 0.51 07 0.056
RENAL_ACHN Correct 0.69 0.72 0.62 -0.031
RENAL_CAKI Correct 0.38 0.37 0.47 0.009
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Figure 7

Cell Line Classification Pl‘esdl:;“d Mesl_;;l'td Co rregug:rl:i‘;;cuﬂon Prcdlctedn:lfl’::l'::und SF2
BREAST MCF7 Incorrect 0.37 0.58 0.44 ©.21
BREAST MDAMBA435 Incorrect 0.5 0.18 0.28 0.32
CNS_SF539 Incorrect 0.68 0.82 0.72 -0.14
COLON_KM]2 Incorrect 0.56 0.42 0.52 0.14
COLON_SW620 Incorrect 0.46 0.62 0.52 -0.16
LEUK_CCRFCEM Incomrect -0.13 0.19 .09 -0.32
LEUK_HL60 Incorrect -0.01 0.32 017 -0.33
LEUK_MOLT4 Incorrect 0.46 0.05 0.15 0.41
MELAN_LOXIMVI Incorrect 0.44 0.68 0.58 -0.24
MELAN_SKMELS [ncorrect 0.51 0.72 0.62 -0.21
NSCLC_HOP62 Incorrect 0.52 0.16 0.26 0.35
NSCLC_NCIH23 Incorrect 0.7 0.09 0.19 0.61

OVAR_SKOV3 Incorrect 0.6 0.9 08 -0.3
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Figure 8
No. of times
Gene selected by SAM
Ribose 5 phosphate Isomerase A 35/35
Retinoblastoma binding protein 4 34/35
G-protein signalling regulator 19 34/35
Affy ID HG4236-HT4506 33/35
TBP-associated factor 5 12/35
DNA topoisomerase 9/35
Nuclear autoantigenic sperm protein 2/35
Splicing factor 1 1/35

Lamin B-1 1/35
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IDENTIFICATION OF NOVEL TARGETS FOR
RADIO SENSITIZATION USING A
GENOMIC-BASED RADIATION SENSITIVITY
CLASSIFIER

CROSS REFERNCE TO RELATED
APPLICATION

This application claims priority from U.S. provisional
application Ser. No. 60/481,604, entitled: “Radiation Sensi-
tivity Classifier”, filed Nov. 5, 2003.

STATEMENT OF GOVERNMENT INTEREST

The subject invention was made with government support
under a research project supported by National Institute of
Health Grant No. CA108926. The federal government may
have certain rights in this invention.

BACKGROUND OF THE INVENTION

Radiation Therapy has played a major role in cancer thera-
peutics since its discovery more than one hundred years ago.
Itis estimated that in the United States and Europe more than
one million individuals receive radiation therapy every year
as part of their cancer treatment. Radiation therapy can be
curative, particularly in prostate cancer, head and neck cancer
and cervical cancer where cure rates with definitive radiation
therapy are comparable with those achieved with radical sur-
gery. It also plays an important role in multi-modality organ
conservation protocols as in breast cancer, rectal cancer, soft
tissue sarcoma and laryngeal cancer where cure rates have
been equaled to those achieved with radical surgery with the
advantage of organ function preservation.

In the last decade a significant improvement in the cure
rates and overall survival of cervical, head and neck and lung
cancer has been achieved by delivering concurrent radio-
therapy and chemotherapy (radiochemotherapy). Phase III
prospective randomized trials have shown concurrent radio-
chemotherapy improves overall survival over standard radio-
therapy in cervical, head and neck, esophageal and lung can-
cer. In general the beneficial effect of concurrent
radiochemotherapy has been ascribed to the radiosensitiza-
tion effect induced by chemotherapy, which makes both nor-
mal and malignant cells more sensitive to radiation-induced
damage. Interestingly, most drugs used in these trials have not
been developed as “radiosensitizers” but have been discov-
ered to radiosensitize after they have been tested in the clinic
as cancer toxic agents. Therefore the development of targeted
radiosensitizing drugs is an attractive area of research with
significant clinical potential.

A major hurdle to the development of better radiosensitiz-
ing drugs has been the limited number of known potential
targets. In the last decade significant advances in our molecu-
lar understanding of radiation response has led to the devel-
opment of several promising targeted radiosensitizers, some
of which are currently undergoing clinical evaluation. The
radiation signaling pathways addressed by these radiosensi-
tizers include: Ras/PI3K/Akt which may be activated directly
by tyrosine kinases or receptor-activated Ras, DNA repair
(DNA-PK, PARP-1), cyclooxygenase-2 (COX-2), toposimo-
rease-1, Epidermal Growth Factor (EGF) and others. How-
ever it is very likely that the number of unknown molecular
pathways/targets involved in radiation response outnumber
the number of known targets. With the advent of the func-
tional genomics era, it is hoped that technologies may be
developed that may allow us to identify potential targets using
a genomic approach.
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SUMMARY OF INVENTION

The unexpected observations below provide the basis for
this invention, which is directed to a method of identifying
novel targets for radiosensitization using a genomic-based
radiation sensitivity classifier. Additionally, the present
invention includes a method of increasing the sensitivity of
human tumor cells to irradiation. Such a method include a
novel method of treating a human tumor cell by introducing a
nucleic acid encoding a polypeptide which increases the
expression of the radiosensitization targets discussed infra,
and thus increasing the radiation sensitivity of tumor cells.
The methods may be practiced in vitro or in vivo.

Another embodiment of the present invention includes a
method of generating a radiation classifier for predicting cel-
Iular radiation sensitivity comprising the steps of establishing
the radiation sensitivity of at least one cell line, establishing
the genomic expression of the at least one cell line, and
identifying at least one gene of interest, expressed by the at
least one cell line, predictive of a radiation response. The at
least one cell line is established by the survival fraction of the
at least one cell line after exposure to about 2 Gy of radiation,
which can be established from in lab experimentation or a
microarray. The gene of interest is identified by measuring the
correlation between the expression of the gene of interest and
the radiation sensitivity of the cell line expressing the gene.
The correlation between the expression of the gene of interest
and the radiation sensitivity of the cell line expressing the
gene can be measured using any sufficient statistical method,
such as Significant Analysis of Microarrays.

Another embodiment includes a method of predicting a
clinical response to radiation therapy of a subject in need
thereof comprising the steps of obtaining a sample of target
cells from the subject, identifying a radiation classifier
expressed by the sample, and determining an expression
value of the radiation classifier by the target cells whereby a
high expression value correlates with a radiosensitive pheno-
type thereby predicting the clinical response to treatment with
radiation therapy. In one embodiment the sample of target
cells comprises cancer cells. The expression level of the
radiation classifier is determined using a quantitative real-
time polymerase chain reaction. The radiation classifier can
be a gene whose expression values correlate with radiation
sensitivity thereby conferring radiation sensitivity to the cell,
as determined from a baseline genomic expression for the
target cell (possibly determined by the use of microarrays). In
possible embodiments the gene of'interest is selected from the
group consisting of retinoblastoma binding protein 4
(RbAp48), G-protein signaling regulator 19 (RGS19), and
ribose-5-phosphate isomerase A (RSPIA).

Yet another embodiment includes a method of increasing
the viability of a target cell expressing a gene of interest,
during radiation therapy, in a subject comprising the step of
contacting the target cell containing the gene of interest with
an effective amount of an oligonucleotide targeted to a
nucleic acid encoding the gene of interest, wherein said oli-
gonucleotide is capable of inhibiting expression of the gene of
interest, thereby conferring a radiation resistant phenotype to
the target cell. The gene of interest is selected from a baseline
genomic expression for the target cell (possibly using
microarrays). In possible embodiments the gene of interest is
selected from the group consisting of retinoblastoma binding
protein 4 (RbAp48), G-protein signaling regulator 19 (RGS
19), and ribose-5-phosphate isomerase A (RSPIA).

In yet another embodiment a method of decreasing the
viability of a target cell, expressing a gene of interest, in a
subject comprising the steps of contacting the target cell
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containing the gene of interest with an effective amount of an
oligonucleotide targeted to a nucleic acid encoding the gene
ofinterest, wherein said oligonucleotide is capable of increas-
ing expression of the gene of interest, thereby conferring a
radiation sensitive phenotype to the target cell and contacting
the target cell with a therapeutically effective amount of
radiation is provided. The gene of interest is selected from a
baseline genomic expression for the target cell (possibly
using microarrays). In possible embodiments the gene of
interest is selected from the group consisting of retinoblas-
toma binding protein 4 (RbAp48), G-protein signaling regu-
lator 19 (RGS19), and ribose-5-phosphate isomerase A
(R5PIA).

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the
invention, reference should be made to the following detailed
description, taken in connection with the accompanying
drawings, in which:

FIG. 1 is a block diagram showing the general scheme of
the classifier.

FIGS. 2A through 2C are graphs showing a linear correla-
tion between the expression values of each of the “predictive”
genes and radiation sensitivity.

FIGS. 3A through F are a series of graphs depicting an
excellent correlation between quantitative real-time PCR and
microarrays for all three known genes selected by the analy-
sis.

FIG. 4 is an immunublot showing that RbAp48 is highly
expressed in radiosensitive but not in radioresistant cells.

FIG. 5A is an immunoblot depicting several stable
RbAp48 hi-expressors clones developed after the inventors
transfected RbAp48 into HS-578T cells, a breast cancer cell
line that was radioresistant and displayed low expression of
RbAp48.

FIG. 5B is a graph showing that RbAp48 overexpression
induces radiosensitization.

FIG. 6 is a table showing the results of the classifier.

FIG. 7 is a table showing the results of the classifier.

FIG. 8 is atable showing the list of genes that were selected
by SAM analysis to be predictive of radiation response

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings, which form a part hereof, and within which are shown
by way of illustration specific embodiments by which the
invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the invention.

The association between the target gene expression and
radiation resistance was discovered during a search for genes
that are more highly expressed in radiation sensitive cell lines
than in relatively radiation resistant cell lines.

The invention is based on a genome-wide approach to the
identification of radiation response molecular targets that
may be exploited therapeutically by developing radiosensi-
tizing drugs that affect the target/targets identified by the
classifier. The targets identified by the invention can also be
used for developing prognostic tests that predict the likeli-
hood of response to radiation therapy as well as the develop-
ment of diagnostic and predictive imaging technologies. The
inventors reasoned that the development of a genomic-based
radiation sensitivity classifier could potentially lead to the
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identification of novel genes or targets involved in radiation
sensitivity/radiation response, by correlating radiation sensi-
tivity and gene expression profiles. The clinical potential of
such an analytical approach is significant, as it allows a
genome-wide high throughput analysis of potential targets
involved in radiation sensitivity/radiation response. The
inventors hypothesized that a radiation classifier or predictor
can be developed based on cellular gene expression profiles
derived from DNA microarrays. This hypothesis is based on
the fact that the three main mechanisms, which have been
shown to play a role in clinical failure after RT (hypoxia,
intrinsic radiosensitivity and cellular proliferation) are
known to induce genetic change.

The studies described below in Example I demonstrate that
the target gene is expressed at a higher level in certain radia-
tion sensitive cells than in relatively radiation resistant cells.
The studies in Example II establish that the level of expres-
sion of the target gene is an accurate indicator of a cell’s
sensitivity or resistance to radiation therapy. Example 111
demonstrates that Quantitative RT-PCR validated the studies
indicating the accuracy of the gene expression values deter-
mined by the microarrays. The studies described in Example
4 provide evidence that increasing the expression of the target
gene renders cells more sensitive to radiation.

The term “gene of interest” or “target gene” refers to a
nucleic acid sequence which can be of any origin and isolated
from a genomic DNA, a cDNA, or any DNA encoding a RNA,
such as a genomic RNA, a mRNA, an anti-sense RNA, a
ribosomal RNA, a ribozyme or a transfer RNA. The gene of
interest can also be an oligonucleotide (i.e., a nucleic acid
having a short size of less than 100 bp). It can be engineered
from genomic DNA to remove all or part of one or more
intronic sequences (i.e., minigene).

In a one embodiment, the gene of interest in use in the
present invention, encodes a target gene product, such as a
protein, of therapeutic interest. A gene product of therapeutic
interest, or target gene protein, is one which has a therapeutic
or protective activity when administered appropriately to a
patient, especially a patient suffering from a disease or illness
condition or who should be protected against this disease or
condition. Such a therapeutic or protective activity can be
correlated to a beneficial effect on the course of a symptom of
said disease or said condition. It is within the reach of the man
skilled in the art to select a gene encoding an appropriate gene
product of therapeutic interest, depending on the disease or
condition to be treated. In a general manner, his choice may be
based on the results previously obtained, so that he can rea-
sonably expect, without undue experimentation, i.e., other
than practicing the invention as claimed, to obtain such thera-
peutic properties.

In the context of the invention, the gene of interest can be
homologous or heterologous to the host cell into which it is
introduced. Advantageously, it encodes a polypeptide, a
ribozyme or an anti-sense RNA. The term “polypeptide” is to
be understood as any translational product of a polynucle-
otide whatever its size is, and includes polypeptides having as
few as 7 residues (peptides), but more typically proteins. In
addition, it may be from any origin (prokaryotes, lower or
higher eukaryotes, plant, virus etc). It may be a native
polypeptide, a variant, a chimeric polypeptide having no
counterpart in nature or fragments thereof. Advantageously,
the gene of interest in use in the present invention encodes at
least one polypeptide that can compensate for one or more
defective or deficient cellular proteins in an animal or a
human organism, or that acts through toxic effects to limit or
remove harmful cells from the body. A suitable polypeptide
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may also be immunity conferring and acts as an antigen to
provoke a humoral or a cellular response, or both.

Representative examples of polypeptides encoded by the
gene of interest include without limitation polypeptides
selected from the group consisting of polypeptides involved
in the cellular cycle, particularly the radiation signaling path-
ways, such as retinoblastoma binding protein 4 (RbAp48),
G-protein signaling regulator 19 (RGS19), and ribose-5-
phosphate isomerase A (RSPIA).

The inventive method includes determining the sensitivity
of'acell expressing one or more nucleic acids, operably linked
to a gene of interest, to radiation therapy. The phrases
“nucleic acid” or “nucleic acid sequence” as used herein
refers to an oligonucleotide, nucleotide, polynucleotide, or to
a fragment of any of these, to DNA or RNA of genomic or
synthetic origin which may be single-stranded or double-
stranded and may represent a sense or antisense strand, pep-
tide nucleic acid (PNA), or to any DNA-like or RNA-like
material, natural or synthetic in origin. As will be understood
by those of skill in the art, when the nucleic acid is RNA, the
deoxynucleotides A, G, C, and T are replaced by ribonucle-
otides A, G, C, and U, respectively.

In general, the target nucleic acid is DNA. However, inven-
tion methods may employ, for example, samples that contain
DNA, or DNA and RNA, including messenger RNA, wherein
DNA or RNA may be single stranded or double stranded, or
a DNA-RNA hybrid may be included in the sample. A mix-
ture of nucleic acids may also be employed. The specific
nucleic acid sequence to be detected may be a fraction of a
larger molecule or can be present initially as a discrete mol-
ecule, so that the specific sequence constitutes the entire
nucleic acid. It is not necessary that the sequence to be studied
be present initially in a pure form; the nucleic acid may be a
minor fraction of a complex mixture, such as contained in
whole human DNA. The nucleic acid-containing sample used
for determination of the sensitivity of the target cells to radia-
tion therapy may be extracted by a variety of techniques such
as that described by Sambrook, et al. (Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor, N.Y., 1989; incor-
porated in its entirety herein by reference).

Cells expressing the target nucleic acid isolated from a
subject can be obtained in a biological specimen from the
subject. The cells, or nucleic acid, can be isolated from tumor
tissue, brain tissue, cerebrospinal fluid, blood, plasma, serum,
lymph, lymph nodes, spleen, liver, bone marrow, or any other
biological specimen. Tumor tissue, blood, plasma, serum,
lymph, brain tissue, cerebrospinal fluid and bone marrow are
obtained by various medical procedures known to those of
skill in the art.

A cell proliferative disorder as described herein may be a
neoplasm. Such neoplasms are either benign or malignant.
The term “neoplasm” refers to a new, abnormal growth of
cells or a growth of abnormal cells that reproduce faster than
normal. A neoplasm creates an unstructured mass (a tumor)
which can be either benign or malignant. The term “benign”
refers to a tumor that is noncancerous, e.g. its cells do not
invade surrounding tissues or metastasize to distant sites. The
term “malignant” refers to a tumor that is metastastic, invades
contiguous tissue or no longer under normal cellular growth
control.

As used herein, “a clinical response” is the response of the
tumor to treatment with radiation therapy. Criteria for deter-
mining a response to therapy are widely accepted and enable
comparisons of the efficacy alternative treatments (see Slapak
and Kufe, Principles of Cancer Therapy, in Harrisons’s Prin-
ciples of Internal Medicine, 137 edition, eds. Isselbacher et
al., McGraw-Hill, Inc. 1994). A complete response (or com-
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plete remission) is the disappearance of all detectable malig-
nant disease. A partial response is an approximately 50 per-
cent decrease in the product of the greatest perpendicular
diameters of one or more lesions. There can be no increase in
size of any lesion or the appearance of new lesions. Progres-
sive disease means at least an approximately 25 percent
increase in the product of the greatest perpendicular diameter
of one lesion or the appearance of new lesions. The response
to treatment is evaluated after the subjects had completed
therapy.

Expression Vectors and Host Cells

Vectors, preferably expression vectors, containing a
nucleic acid encoding the target gene (or a portion thereof) are
useful in the methods of the invention. A vector is a nucleic
acid molecule capable of transporting another nucleic acid to
which it has been linked. One type of vector is a “plasmid”,
which refers to a circular double stranded DNA loop into
which additional DNA segments can be ligated. Another type
of'vector is a viral vector, wherein additional DNA segments
can be ligated into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into which
they are introduced (e.g., bacterial vectors having a bacterial
origin of replication and episomal mammalian vectors).
Other vectors (e.g., non-episomal mammalian vectors) are
integrated into the genome of a host cell upon introduction
into the host cell, and thereby are replicated along with the
host genome. Moreover, certain vectors, expression vectors,
are capable of directing the expression of genes to which they
are operatively linked. In general, expression vectors of utility
in recombinant DNA techniques are often in the form of
plasmids (vectors, e.g., viral vectors, replication defective
retroviruses, adenoviruses and adeno-associated viruses).

Useful recombinant expression vectors comprise the target
gene nucleic acid in a form suitable for expression of the
nucleic acid in a host cell, which means that the recombinant
expression vectors include one or more regulatory sequences,
selected on the basis of the host cells to be used for expres-
sion, which is operatively linked to the nucleic acid sequence
to be expressed. Within a recombinant expression vector,
“operably linked” is intended to mean that the nucleotide
sequence of interest is linked to the regulatory sequence(s) in
a manner which allows for expression of the nucleotide
sequence (e.g., in an in vitro transcription/translation system
or in a host cell when the vector is introduced into the host
cell). The term “regulatory sequence” is intended to include
promoters, enhancers and other expression control elements
(e.g., polyadenylation signals). Such regulatory sequences
are described, for example, in Goeddel; Gene Expression
Technology: Methods in Enzymology 185, Academic Press,
San Diego, Calif. (1990). Regulatory sequences include those
which direct constitutive expression of a nucleotide sequence
in many types of host cell and those which direct expression
of the nucleotide sequence only in certain host cells (e.g.,
tissue-specific regulatory sequences). It will be appreciated
by those skilled in the art that the design of the expression
vector can depend on such factors as the choice of the host cell
to be transformed, the level of expression of protein desired,
etc. An expression vector can be introduced into host cells to
thereby produce proteins or peptides, including fusion pro-
teins or peptides, encoded by nucleic acids as described
herein (e.g., the target gene proteins, mutant forms of the
target gene, fusion proteins, etc.).

The recombinant expression vectors of the invention can be
designed for expression of the target gene in prokaryotic or
eukaryotic cells, e.g., bacterial cells such as E. coli, insect
cells (using baculovirus expression vectors) yeast cells or
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mammalian cells. Suitable host cells are discussed further in
Goeddel, Gene Expression Technology: Methods in Enzy-
mology 185, Academic Press, San Diego, Calif. (1990).
Alternatively, the recombinant expression vector can be tran-
scribed and translated in vitro, for example using T7 promoter
regulatory sequences and T7 polymerase.

The target gene nucleic acid can be expressed in mamma-
lian cells using a mammalian expression vector. Examples of
mammalian expression vectors include pCDMS (Seed (1987)
Nature 329:840) and pMT2PC (Kaufmanetal. (1987) EMBO
J. 6:187-195). When used in mammalian cells, the expression
vector’s control functions are often provided by viral regula-
tory elements. For example, commonly used promoters are
derived from polyoma, Adenovirus 2, cytomegalovirus and
Simian Virus 40. For other suitable expression systems for
both prokaryotic and eukaryotic cells see chapters 16 and 17
of Sambrook et al. (supra).

In another embodiment, the recombinant mammalian
expression vector is capable of directing expression of the
nucleic acid preferentially in a particular cell type (e.g., tis-
sue-specific regulatory elements are used to express the
nucleic acid). Tissue-specific regulatory elements are known
in the art. Non-limiting examples of suitable tissue-specific
promoters include the albumin promoter (liver-specific; Pink-
ert et al. (1987) Genes Dev. 1:268-277), lymphoid-specific
promoters (Calame and Eaton (1988) Adv. Immunol. 43:235-
275), in particular promoters of T cell receptors (Winoto and
Baltimore (1989) EMBO 1J. 8:729-733) and immunoglobu-
lins (Banerji et al. (1983) Cell 33:729-740; Queen and Balti-
more (1983) Cell 33:741-748), neuron-specific promoters
(e.g., the neurofilament promoter; Byrne and Ruddle (1989)
Proc. Natil. Acad. Sci. USA 86:5473-5477), pancreas-spe-
cific promoters (Edlund et al. (1985) Science 230:912-916),
and mammary gland-specific promoters. Developmentally-
regulated promoters are also encompassed, for example the
murine hox promoters (Kessel and Gruss (1990) Science
249:374-379) and the .alpha.-fetoprotein promoter (Campes
and Tilghman (1989) Genes Dev. 3:537-546).

Also useful in the methods of the invention are recombi-
nant expression vectors comprising the target gene nucleic
acid molecule cloned into the expression vector in an anti-
sense orientation. That is, the DNA molecule is operatively
linked to a regulatory sequence in a manner which allows for
expression (by transcription of the DNA molecule) of an
RNA molecule which is antisense to the target gene mRNA.
Regulatory sequences operatively linked to a nucleic acid
cloned in the antisense orientation can be chosen which direct
the continuous expression of the antisense RNA molecule in
a variety of cell types, for instance viral promoters and/or
enhancers, or regulatory sequences can be chosen which
direct constitutive, tissue specific or cell type specific expres-
sion of antisense RNA. The antisense expression vector can
be in the form of a recombinant plasmid, phagemid or attenu-
ated virus in which antisense nucleic acids are produced
under the control of a high efficiency regulatory region, the
activity of which can be determined by the cell type into
which the vector is introduced. For a discussion of the regu-
lation of gene expression using antisense genes See Wein-
traub et al., Reviews—Trends in Genetics, Vol. 1(1) 1986.

Host cells into which the target gene expression vector has
been introduced are useful in certain metods of the invention.
The terms “host cell” and “recombinant host cell” are used
interchangeably herein. It is understood that such terms refer
not only to the particular subject cell but to the progeny or
potential progeny of such a cell. Because certain modifica-
tions may occur in succeeding generations due to either muta-
tion or environmental influences, such progeny may not, in

10

15

20

25

30

35

40

45

50

55

60

65

8

fact, be identical to the parent cell, but are still included within
the scope of the term as used herein.

A host cell can be any prokaryotic or eukaryotic cell. For
example, the target gene protein can be expressed in bacterial
cells such as E. col, insect cells, yeast or mammalian cells
(such as Chinese hamster ovary cells (CHO) or COS cells).
Other suitable host cells are known to those skilled in the art.

Vector DNA can be introduced into prokaryotic or eukary-
otic cells via conventional transformation or transfection
techniques. As used herein, the terms “transformation” and
“transfection” are intended to refer to a variety of art-recog-
nized techniques for introducing foreign nucleic acid (e.g.,
DNA) into a host cell, including calcium phosphate or cal-
cium chloride co-precipitation, DEAE-dextran-mediated
transfection, lipofection, or electroporation. Suitable meth-
ods for transforming or transfecting host cells can be found in
Sambrook, et al. (supra), and other laboratory manuals.

For stable transfection of mammalian cells, it is known
that, depending upon the expression vector and transfection
technique used, only a small fraction of cells may integrate
the foreign DNA into their genome. In order to identify and
select these integrants, a gene that encodes a selectable
marker (e.g., resistance to antibiotics) is generally introduced
into the host cells along with the gene of interest. Preferred
selectable markers include those which confer resistance to
drugs, such as G418, hygromycin and methotrexate. Nucleic
acid encoding a selectable marker can be introduced into a
host cell on the same vector as that encoding the target gene or
can be introduced on a separate vector. Cells stably trans-
fected with the introduced nucleic acid can be identified by
drug selection (e.g., cells that have incorporated the select-
able marker gene will survive, while the other cells die)

A prokaryotic or eukaryotic host cell in culture can be used
to produce (i.e., express) the target gene protein, e.g., by
culturing the host cell (into which a recombinant expression
vector encoding the target gene has been introduced) in a
suitable medium such that the target gene protein is produced.
The target gene protein can then be isolated from the medium
or the host cell.

Host cells which are capable of expressing the target gene
can also be used to produce nonhuman transgenic animals.
For example, in one embodiment, a host cell of the invention
is a fertilized oocyte or an embryonic stem cell into which the
target gene-coding sequences have been introduced. Such
host cells can then be used to create non-human transgenic
animals in which exogenous the target gene sequences have
been introduced into their genome or homologous recombi-
nant animals in which endogenous the target gene sequences
have been altered. Such animals are useful for studying the
function and/or activity of the target gene and for identifying
and/or evaluating modulators of the target gene activity. As
used herein, a “transgenic animal” is a non-human animal,
preferably a mammal, more preferably a rodent such as a rat
or mouse, in which one or more of the cells of the animal
includes a transgene. Other examples of transgenic animals
include non-human primates, sheep, dogs, cows, goats,
chickens, amphibians, etc. A transgene is exogenous DNA
which is integrated into the genome of a cell from which a
transgenic animal develops and which remains in the genome
of the mature animal, thereby directing the expression of an
encoded gene product in one or more cell types or tissues of
the transgenic animal. As used herein, an “homologous
recombinant animal” is a non-human animal, preferably a
mammal, more preferably a mouse, in which an endogenous
the target gene has been altered by homologous recombina-
tion between the endogenous gene and an exogenous DNA
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molecule introduced into a cell of the animal, e.g., an embry-
onic cell of the animal, prior to development of the animal.

A transgenic animal can be created by introducing the
target gene-encoding nucleic acid into the male pronuclei of
a fertilized oocyte, e.g., by microinjection, retroviral infec-
tion, and allowing the oocyte to develop in a pseudopregnant
female foster animal. The target gene cDNA sequence can be
introduced as a transgene into the genome of a non-human
animal. Alternatively, a nonhuman homologue of the human
the target gene such as a mouse the target gene, can be isolated
based on hybridization to the human the target gene cDNA
and used as a transgene. Intronic sequences and polyadeny-
lation signals can also be included in the transgene to increase
the efficiency of expression of the transgene. A tissue-specific
regulatory sequence(s) can be operably linked to the target
gene transgene to direct expression of the target gene protein
to particular cells. Methods for generating transgenic animals
via embryo manipulation and microinjection, particularly
animals such as mice, have become conventional in the art
and are described in Hogan, Manipulating the Mouse
Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 1986). Similar methods are used for production
of other transgenic animals. A transgenic founder animal can
be identified based upon the presence of the target gene trans-
gene in its genome and/or expression of the target gene
mRNA intissues or cells of the animals. A transgenic founder
animal can then be used to breed additional animals carrying
the transgene. Moreover, transgenic animals carrying a trans-
gene encoding the target gene can further be bred to other
transgenic animals carrying other transgenes.

To create a homologous recombinant animal, a vector is
prepared which contains at least a portion of the target gene
(e.g., a human or a non-human homolog of the target gene,
e.g., a murine the target gene) into which a deletion, addition
or substitution has been introduced to thereby alter, e.g.,
functionally disrupt, the target gene. In a preferred embodi-
ment, the vector is designed such that, upon homologous
recombination, the endogenous the target gene is functionally
disrupted (i.e., no longer encodes a functional protein; also
referred to as a “knock out” vector). Alternatively, the vector
can be designed such that, upon homologous recombination,
the endogenous the target gene is mutated or otherwise
altered but still encodes functional protein (e.g., the upstream
regulatory region can be altered to thereby alter the expres-
sion of the endogenous the target gene protein). In the
homologous recombination vector, the altered portion of the
target gene is flanked at its 5' and 3' ends by additional nucleic
acid of the target gene to allow for homologous recombina-
tion to occur between the exogenous the target gene carried
by the vector and an endogenous the target gene in an embry-
onic stem cell. The additional flanking the target gene nucleic
acid is of sufficient length for successtul homologous recom-
bination with the endogenous gene. Typically, several kilo-
bases of flanking DNA (both atthe 5' and 3' ends) are included
in the vector (see e.g., Thomas and Capecchi (1987) Cell
51:503 for a description of homologous recombination vec-
tors). The vector is introduced into an embryonic stem cell
line (e.g., by electroporation) and cells in which the intro-
duced the target gene has homologously recombined with the
endogenous the target gene are selected (see e.g., Li et al.
(1992) Cell 69:915). The selected cells are then injected into
a blastocyst of an animal (e.g., a mouse) to form aggregation
chimeras (see, e.g., Bradley in Teratocarcinomas and Embry-
onic Stem Cells: A Practical Approach, Robertson, ed. (IRL,
Oxford, 1987) pp. 113-152). A chimeric embryo can then be
implanted into a suitable pseudopregnant female foster ani-
mal and the embryo brought to term. Progeny harboring the

20

25

30

40

45

50

10

homologously recombined DNA in their germ cells can be
used to breed animals in which all cells of the animal contain
the homologously recombined DNA by germline transmis-
sion of the transgene. Methods for constructing homologous
recombination vectors and homologous recombinant animals
are described further in Bradley (1991) Current Opinion in
Bio/Technology 2:823-829.

Transgenic non-human animals can be produced which
contain selected systems which allow for regulated expres-
sion of the transgene. One example of such a system is the
cre/loxP recombinase system of bacteriophage P1. For a
description of the cre/loxP recombinase system, see, e.g.,
Laksoetal. (1992) Proc. Natl. Acad. Sci. USA 89:6232-6236.
Another example of a recombinase system is the FLP recom-
binase system of Saccharomyces cerevisiae (O’Gorman et al.
(1991) Science 251:1351-1355. If a cre/loxP recombinase
system is used to regulate expression of the transgene, ani-
mals containing transgenes encoding both the Cre recombi-
nase and a selected protein are required. Such animals can be
provided through the construction of “double” transgenic
animals, e.g., by mating two transgenic animals, one contain-
ing a transgene encoding a selected protein and the other
containing a transgene encoding a recombinase.

Clones of the non-human transgenic animals described
herein can also be produced according to the methods
described in Wilmut et al. (1997) Nature 385:810-813. In
brief, a cell, e.g., a somatic cell, from the transgenic animal
can be isolated and induced to exit the growth cycle and enter
G, phase. The quiescent cell can then be fused, e.g., through
the use of electrical pulses, to an enucleated oocyte from an
animal of the same species from which the quiescent cell is
isolated. The reconstructed oocyte is then cultured such that it
develops to morula or blastocyte and then transferred to
pseudopregnant female foster animal. The offspring borne of
this female foster animal will be a clone of the animal from
which the cell, e.g., the somatic cell, is isolated.

Pharmaceutical Compositions

The target gene proteins, and anti-target gene antibodies,
and modulators of the target gene expression or activity (also
referred to herein as “active compounds™) can be incorpo-
rated into pharmaceutical compositions suitable for adminis-
tration. Such compositions typically comprise the nucleic
acid molecule, protein, or antibody and a pharmaceutically
acceptable carrier. As used herein the language “pharmaceu-
tically acceptable carrier” is intended to include any and all
solvents, dispersion media, coatings, antibacterial and anti-
fungal agents, isotonic and absorption delaying agents, and
the like, compatible with pharmaceutical administration. The
use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active
compound, use thereof in the compositions is contemplated.
Supplementary active compounds can also be incorporated
into the compositions.

A pharmaceutical composition of the invention is formu-
lated to be compatible with its intended route of administra-
tion. Examples of routes of administration include parenteral,
e.g., intravenous, intradermal, subcutaneous, oral (e.g., inha-
lation), transdermal (topical), transmucosal, and rectal
administration. Solutions or suspensions used for parenteral,
intradermal, or subcutaneous application can include the fol-
lowing components: a sterile diluent such as water for injec-
tion, saline solution, fixed oils, polyethylene glycols, glycer-
ine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxi-
dants such as ascorbic acid or sodium bisulfite; chelating
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agents such as ethylenediaminetetraacetic acid; buffers such
as acetates, citrates or phosphates and agents for the adjust-
ment of tonicity such as sodium chloride or dextrose. pH can
be adjusted with acids or bases, such as hydrochloric acid or
sodium hydroxide. The parenteral preparation can be
enclosed in ampoules, disposable syringes or multiple dose
vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use
include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physi-
ological saline, bacteriostatic water, Cremophor EL, (BASF;
Parsippany, N.J.) or phosphate buffered saline (PBS). In all
cases, the composition must be sterile and should be fluid to
the extent that easy syringability exists. It must be stable
under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorgan-
isms such as bacteria and fungi. The carrier can be a solvent
or dispersion medium containing, for example, water, etha-
nol, polyol (for example, glycerol, propylene glycol, and
liquid polyetheylene glycol, and the like), and suitable mix-
tures thereof. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion and by the use of surfactants. Prevention of the action
of microorganisms can be achieved by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol, sodium chlo-
ride in the composition. Prolonged absorption of the inject-
able compositions can be brought about by including in the
composition an agent which delays absorption, for example,
aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporat-
ing the active compound in the required amount in an appro-
priate solvent with one or a combination of ingredients enu-
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the
active compound into a sterile vehicle which contains a basic
dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred meth-
ods of preparation are vacuum drying and freeze-drying
which yields a powder of the active ingredient plus any addi-
tional desired ingredient from a previously sterile-filtered
solution thereof;

Oral compositions generally include an inert diluent or an
edible carrier. They can be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated
with excipients and used in the form of tablets, troches, or
capsules. Oral compositions can also be prepared using a fluid
carrier for use as a mouthwash, wherein the compound in the
fluid carrier is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the com-
position. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweet-
ening agent such as sucrose or saccharin; or a flavoring agent
such as peppermint, methyl salicylate, or orange flavoring.
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For administration by inhalation, the compounds are deliv-
ered in the form of an aerosol spray from pressured container
or dispenser which contains a suitable propellant, e.g., a gas
such as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or
transdermal means. For transmucosal or transdermal admin-
istration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally
known in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic acid deriva-
tives. Transmucosal administration can be accomplished
through the use of nasal sprays or suppositories. For trans-
dermal administration, the active compounds are formulated
into ointments, salves, gels, or creams as generally known in
the art.

The compounds can also be prepared in the form of sup-
positories (e.g., with conventional suppository bases such as
cocoa butter and other glycerides) or retention enemas for
rectal delivery.

In one embodiment, the active compounds are prepared
with carriers that will protect the compound against rapid
elimination from the body, such as a controlled release for-
mulation, including implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be
used, such as ethylene vinyl acetate, polyanhydrides, polyg-
lycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be appar-
ent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibod-
ies to viral antigens) can also be used as pharmaceutically
acceptable carriers. These can be prepared according to meth-
ods known to those skilled in the art.

Itis especially advantageous to formulate oral or parenteral
compositions in dosage unit form for ease of administration
and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for
the subject to be treated; each unit containing a predetermined
quantity of active compound calculated to produce the
desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit
forms of the invention are dictated by and directly dependent
on the unique characteristics of the active compound and the
particular therapeutic effect to be achieved, and the limita-
tions inherent in the art of compounding such an active com-
pound for the treatment of individuals.

The target gene nucleic acid molecules of the invention can
be inserted into vectors and used as gene therapy vectors.
Gene therapy vectors can be delivered to a subject by, for
example, intravenous injection, local administration or by
stereotactic injection (see e.g., Chen et al. (1994) Proc. Natl.
Acad. Sci. USA 91:3054-3057). The pharmaceutical prepa-
ration of the gene therapy vector can include the gene therapy
vector in an acceptable diluent, or can comprise a slow release
matrix in which the gene delivery vehicle is imbedded. Alter-
natively, where the complete gene delivery vector can be
produced intact from recombinant cells, e.g. retroviral vec-
tors, the pharmaceutical preparation can include one or more
cells which produce the gene delivery system.

Uses and Methods of the Invention

The classifier, target gene nucleic acid molecules (identi-
fied or to be identified with the use of the invention), proteins,
protein homologues, and antibodies described herein can be
used in screening assays, predictive medicine (e.g., diagnos-
tic assays, prognostic assays, monitoring clinical trials, and
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pharmacogenomics), and methods of treatment (e.g., thera-
peutic treatment methods and prophylactic treatment meth-
ods).

Screening Assays

The invention provides a method (also referred to herein as
a “screening assay”’) for identifying molecular targets against
which modulators can be developed, i.e., candidate or test
compounds or agents (e.g., peptides, peptidomimetics, small
molecules or other drugs) which bind to the target gene pro-
teins or have a stimulatory or inhibitory effect on, for
example, the target gene expression or the target gene activity.
Such identified compounds may be useful for the modulation
of radiation sensitivity/response. In one embodiment, the
invention provides assays for screening candidate targets
against which compounds, or other therapeutic agents, can be
directed. The compounds used in conjunction with the
present invention can be obtained using any of the numerous
approaches in combinatorial library methods known in the
art, including: biological libraries; natural products libraries;
spatially addressable parallel solid phase or solution phase
libraries; synthetic library methods requiring deconvolution;
the ‘one-bead one-compound’ library method; and synthetic
library methods using affmity chromatography selection. The
biological library approach is limited to peptide libraries,
while the other approaches are applicable to peptide, non-
peptide oligomer or small molecule libraries of compounds
(Lam (1997) Anticancer Drug Des. 12:145).

Examples of methods for the synthesis of molecular librar-
ies can be found in the art, for example in: DeWittetal. (1993)
Proc. Natl. Acad. Sci. U.S.A. 90:6909; Erb et al. (1994) Proc.
Natl. Acad. Sci. USA 91:11422; Zuckermann et al. (1994). J.
Med. Chem. 37:2678; Cho et al. (1993) Science 261:1303;
Carrell et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2059;
Carell etal. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and
Gallop et al. (1994) J. Med. Chem. 37:1233.

Libraries of compounds may be presented in solution (e.g.,
Houghten (1992) Bio/Techniques 13:412-421), or on beads
(Lam (1991) Nature 354:82-84), chips (Fodor (1993) Nature
364:555-556), bacteria, spores, plasmids (Cull et al. (1992)
Proc. Natl. Acad. Sci. USA 89:1865-1869) or on phage (Scott
and Smith (1990) Science 249:386-390; Devlin (1990) Sci-
ence 249:404-406; Cwirla et al. (1990) Proc. Natl. Acad. Sci.
87:6378-6382; and Felici (1991) J. Mol: Biol. 222:301-310).

In one embodiment, an assay is a cell-based assay in which
a cell which expresses the target gene protein, or a biologi-
cally active portion thereof, is contacted with a test compound
and the ability of the test compound to bind to the target gene
protein determined. The cell, for example, can be a yeast cell
or a cell of mammalian origin. Determining the ability of the
test compound to bind to the target gene protein can be
accomplished, for example, by coupling the test compound
with a radioisotope or enzymatic label such that binding of the
test compound to the target gene protein or biologically active
portion thereof can be determined by detecting the labeled
compound in a complex. For example, test compounds can be
labeled with *2°1, 3*C, **C, or *H, either directly or indirectly,
and the radioisotope detected by direct counting of radioem-
mission or by scintillation counting. Alternatively, test com-
pounds can be enzymatically labeled with, for example,
horseradish peroxidase, alkaline phosphatase, or luciferase,
and the enzymatic label detected by determination of conver-
sion of an appropriate substrate to product. In a preferred
embodiment, the assay comprises contacting a cell which
expresses the target gene protein, or a biologically active
portion thereof, with a known compound which binds the
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target gene to form an assay mixture, contacting the assay
mixture with a test compound, and determining the ability of
the test compound to interact with the target gene protein,
wherein determining the ability of the test compound to inter-
act with the target gene protein comprises determining the
ability of the test compound to preferentially bind to the target
gene or a biologically active portion thereof as compared to
the known compound.

In another embodiment, an assay is a cell-based assay
comprising contacting a cell expressing the target gene pro-
tein, or a Biologically active portion thereof, with a test com-
pound and determining the ability of the test compound to
modulate (e.g., stimulate or inhibit) the activity of the target
gene protein or biologically active portion thereof. Determin-
ing the ability of the test compound to modulate the activity of
the target gene or a biologically active portion thereof can be
accomplished, for example, by determining the ability of the
target gene protein to bind to or interact with the target gene
molecule of interest. As used herein, a “molecule of interest”
is a molecule with which the target gene protein binds or
interacts in nature, for example, a molecule in the nucleus or
cytoplasm of a cell which expresses the target gene protein.
The target gene molecule of interest can be a non-the target
gene molecule or the target gene protein or polypeptide. The
target, for example, can be a second intracellular protein
which has catalytic activity, a protein which naturally binds to
the target gene protein, or a protein which facilitates the
association of DNA with the target gene.

Determining the ability of the target gene protein to bind to
or interact with the target gene molecule of interest can be
accomplished by one of the methods described above for
determining direct binding. In a preferred embodiment, deter-
mining the ability of the target gene protein to bind to or
interact with a target gene molecule of interest can be accom-
plished by determining the activity of the molecule of interest
or detecting a cellular response, for example, cell survival or
cell proliferation in the presence of a chemotherapeutic drug.

In yet another embodiment, an assay of the present inven-
tion is a cell-free assay comprising contacting the target gene
protein or biologically active portion thereof with a test com-
pound and determining the ability of the test compound to
bind to the target gene protein or biologically active portion
thereof. Binding of the test compound to the target gene
protein can be determined either directly or indirectly as
described above. In one embodiment, the assay includes con-
tacting the target gene protein or biologically active portion
thereof with a known compound which binds the target gene
to form an assay mixture, contacting the assay mixture with a
test compound, and determining the ability of the test com-
pound to interact with the target gene protein, wherein deter-
mining the ability of the test compound to interact with the
target gene protein comprises determining the ability of the
test compound to preferentially bind to the target gene or
biologically active portion thereof as compared to the known
compound.

In another embodiment, an assay is a cell-free assay com-
prising contacting the target gene protein or biologically
active portion thereof with a test compound and determining
the ability of the test compound to modulate (e.g., stimulate or
inhibit) the activity of the target gene protein or biologically
active portion thereof. Determining the ability of the test
compound to modulate the activity of the target gene can be
accomplished, for example, by determining the ability of the
target gene protein to bind to the target gene molecule of
interest by one of the methods described above for determin-
ing direct binding. In an alternative embodiment, determining
the ability of the test compound to modulate the activity of the



US 7,879,545 B2

15

target gene can be accomplished by determining the ability of
the target gene protein further modulate the target gene mol-
ecule of interest. For example, the catalytic/enzymatic activ-
ity of the molecule of interest on an appropriate substrate can
be determined as previously described.

In yet another embodiment, the cell-free assay comprises
contacting the target gene protein or biologically active por-
tion thereof with a known compound which binds the target
gene to form an assay mixture, contacting the assay mixture
with a test compound, and determining the ability of the test
compound to interact with the target gene protein, wherein
determining the ability of the test compound to interact with
the target gene protein comprises determining the ability of
the target gene protein to preferentially bind to or modulate
the activity of the target gene molecule of interest.

The cell-free assays of the present invention are amenable
to use of both native and variant forms (e.g., peptide frag-
ments and fusion proteins) of the target gene. In the case of
cell-free assays comprising a hydrophobic form of the target
gene, it may be desirable to utilize a solubilizing agent such
that the hydrophobic form of the target gene is maintained in
solution. Examples of such solubilizing agents include non-
ionic detergents such as n-octylglucoside, n-dodecylgluco-
side, n-dodecylmaltoside, octanoyl-N-methylglucamide,
decanoyl-N-methylglucamide, Triton® X-100, Triton®
X-114, Thesit®, Isotridecypoly(ethylene glycol ether)n,
3-[(3-cholamidopropyl)dimethylamminio]-1-propane  sul-
fonate (CHAPS), 3-[(3-cholamidopropyl)dimethylam-
minio]-2-hydroxy-1-propane sulfonate (CHAPSO), or
N-dodecyl=N,N-dimethyl-3-ammonio-1-propane sulfonate.

In more than one embodiment of the above assay methods
of the present invention, it may be desirable to immobilize
either the target gene or its molecule of interest to facilitate
separation of complexed from uncomplexed forms of one or
both of the proteins, as well as to accommodate automation of
the assay. Binding of a test compound to the target gene, or
interaction of the target gene with a molecule of interest in the
presence and absence of a candidate compound, can be
accomplished in any vessel suitable for containing the reac-
tants. Examples of such vessels include microtitre plates, test
tubes, and micro-centrifuge tubes. In one embodiment, a
fusion protein can be provided which adds a domain that
allows one or both of the proteins to be bound to a matrix. For
example, glutathione-S-transferase/the target gene fusion
proteins or glutathione-S-transferase/target fusion proteins
can be adsorbed onto glutathione sepharose beads (Sigma
Chemical; St. Louis, Mo.) or glutathione derivatized microti-
tre plates, which are then combined with the test compound or
the test compound and either the non-adsorbed target protein
or the target gene protein, and the mixture incubated under
conditions conducive to complex formation (e.g., at physi-
ological conditions for salt and pH). Following incubation,
the beads or microtitre plate wells are washed to remove any
unbound components, the matrix immobilized in the case of
beads, complex determined either directly or indirectly, for
example, as described above. Alternatively, the complexes
can be dissociated from the matrix, and the level of the target
gene binding or activity determined using standard tech-
niques.

Other techniques for immobilizing proteins on matrices
can also be used in the screening assays of the invention. For
example, either the target gene or its molecule of interest can
be immobilized utilizing conjugation of biotin and streptavi-
din. Biotinylated the target gene or molecule of interests can
be prepared from biotin-NHS (N-hydroxy-succinimide)
using techniques well known in the art (e.g., biotinylation kit,
Pierce Chemicals; Rockford, I11.), and immobilized in the
wells of streptavidin-coated 96 well plates (Pierce Chemical).
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Alternatively, antibodies reactive with the target gene or mol-
ecule of interests but which do not interfere with binding of
the target gene protein to its molecule of interest can be
derivatized to the wells of the plate, and unbound target or the
target gene trapped in the wells by antibody conjugation.
Methods for detecting such complexes, in addition to those
described above for the GST-immobilized complexes,
include immunodetection of complexes using antibodies
reactive with the target gene or molecule of interest, as well as
enzyme-linked assays which rely on detecting an enzymatic
activity associated with the target gene or molecule of inter-
est.

In another embodiment, modulators of the target gene
expression are identified in a method in which a cell is con-
tacted with a candidate compound and the expression of the
target gene (MRNA or protein, or the copy number of the
target gene) in the cell is determined. The level of expression
of'the target gene in the presence of the candidate compound
is compared to the level of expression of the target gene in the
absence of the candidate compound. The candidate com-
pound can then be identified as a modulator of the target gene
expression based on this comparison. For example, when
expression of the target gene mRNA or protein is greater
(statistically significantly greater) in the presence of the can-
didate compound than in its absence, the candidate compound
is identified as a stimulator of the target gene mRNA or
protein expression. Alternatively, when expression of the tar-
get gene mRNA or protein is less (statistically significantly
less) in the presence of the candidate compound than in its
absence, the candidate compound is identified as an inhibitor
of' the target gene mRNA or protein expression. The level of
the target gene mRNA or protein expression in the cells, or the
number of the target gene copies per cell can be determined
by methods described herein for detecting the target gene
genomic DNA, mRNA, or protein.

the target gene proteins can be used as “bait proteins” in a
two-hybrid assay or three hybrid assay (see, e.g., Zervos etal.
(1993) Cell 72:223-232; Madura et al. (1993) J. Biol. Chem.
268:12046-12054; Bartel et al. (1993) Dio/Techniques
14:920-924; Iwabuchi et al. (1993) Oncogene 8:1693-1696;
and W094/10300), to identify other proteins, which bind to or
interact with the target gene (“the target gene-binding pro-
teins” or “the target gene-bp”) and modulate the target gene
activity.

The two-hybrid system is based on the modular nature of
most transcription factors, which consist of separable DNA-
binding and activation domains. Briefly, the assay utilizes two
different DNA constructs. In one construct, the target gene is
fused to a gene encoding the DNA binding domain of aknown
transcription factor (e.g., GAL-4). In the other construct, a
DNA sequence, from a library of DNA sequences, that
encodes an unidentified protein (“prey” or “sample”) is fused
to a gene that codes for the activation domain of the known
transcription factor. If the “bait” and the “prey” proteins are
able to interact, in vivo, forming a target gene-dependent
complex, the DNA-binding and activation domains of the
transcription factor are brought into close proximity. This
proximity allows transcription of a reporter gene (e.g., LacZ)
which is operably linked to a transcriptional regulatory site
responsive to the transcription factor. Expression of the
reporter gene can be detected and cell colonies containing the
functional transcription factor can be isolated and used to
obtain the cloned gene which encodes the protein which
interacts with the target gene.
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This invention further pertains to novel agents identified by
the above-described screening assays and uses thereof for
treatments as described herein.

Predictive Medicine

The present invention also pertains to the field of predictive
medicine in which diagnostic assays, imaging tests, prognos-
tic assays, pharmacogenomics, and monitoring clinical trials
are used for prognostic (predictive) purposes to thereby treat
an individual prophylactically. Accordingly, one aspect of the
present invention relates to diagnostic assays for determining
the target gene protein and/or nucleic acid expression as well
as the target gene activity, in the context of a biological
sample (e.g., blood, serum, cells, tissue) to thereby determine
whether an individual is afflicted with a disease or disorder, or
is at risk of developing a disorder, associated with aberrant
target gene expression or activity (e.g., altered radiation resis-
tance). The invention also provides for prognostic (or predic-
tive) assays for determining whether an individual is at risk of
developing a disorder associated with the target gene protein,
nucleic acid expression or activity (e.g., altered drug resis-
tance). For example, mutations in the target gene can be
assayed in a biological sample. Such assays can be used for
prognostic or predictive purpose to thereby prophylactically
treat an individual prior to the onset of a disorder character-
ized by or associated with the target gene protein, nucleic acid
expression or activity. For example, because the target gene is
expressed at a higher level in radiation sensitive cells than
non-drug resistant cell lines, higher than normal expression of
the target gene can be used as an indicator of radiation sen-
sitivity.

Another aspect of the invention provides methods for
determining the target gene protein, nucleic acid expression
or the target gene activity in an individual to thereby select
appropriate therapeutic or prophylactic agents for that indi-
vidual (referred to herein as “pharmacogenomics”). Pharma-
cogenomics allows for the selection of agents (e.g., drugs) for
therapeutic or prophylactic treatment of an individual based
on the genotype of the individual (e.g., the genotype of the
individual examined to determine the ability of the individual
to respond to a particular agent).

Yet another aspect of the invention pertains to monitoring
the influence of agents (e.g., drugs or other compounds) on
the expression or activity of the target gene in clinical trials.
These and other agents are described in further detail in the
following sections.

Diagnostic Assays

The invention provides a method of assessing expression,
especially desirable expression, of a cellular the target gene.
The excessive expression of a classieier may indicate the
presence, persistence or reappearance of radiation sensitive
tumor cells in an individual’s tissue. More generally, aberrant
expression may indicate the occurrence of a deleterious or
disease-associated phenotype contributed to by the target
gene.

An exemplary method for detecting the presence or
absence of the target gene in a biological sample involves
obtaining a biological sample (preferably from a body site
implicated in a possible diagnosis of diseased or malignant
tissue) from a test subject and contacting the biological
sample with a compound or an agent capable of detecting the
target gene protein or nucleic acid (e.g., mRNA, genomic
DNA) that encodes the target gene protein such that the pres-
ence of the target gene is detected in the biological sample.

10

15

20

25

30

35

40

45

50

55

60

65

18

The lack and/or relative low expression of the target gene
indicates aberrant or undesirable expression of the target
gene, and correlates with the occurrence in situ of cells having
a radiation-resistant phenotype.

A preferred agent for detecting the target gene mRNA or
genomic DNA is a labeled nucleic acid probe capable of
hybridizing to the target gene mRNA or genomic DNA. The
nucleic acid probe can be, for example, a full-length the target
gene nucleic acid or a portion thereof, such as an oligonucle-
otide of at least 15, 30, 50, 100, 250 or 500 nucleotides in
length and sufficient to specifically hybridize under stringent
conditions to the target gene mRNA or genomic DNA. Other
suitable probes for use in the diagnostic assays of the inven-
tion are described herein.

A preferred agent for detecting the target gene protein is an
antibody capable of binding to the target gene protein, pref-
erably an antibody with a detectable label. Antibodies can be
polyclonal, or more preferably, monoclonal. An intact anti-
body, or a fragment thereof (e.g., Fab or F(ab'),) can be used.
The term “labeled”, with regard to the probe or antibody, is
intended to encompass direct labeling of the probe or anti-
body by coupling (i.e., physically linking) a detectable sub-
stance to the probe or antibody, as well as indirect labeling of
the probe or antibody by reactivity with another reagent that
is directly labeled. Examples of indirect labeling include
detection of a primary antibody using a fluorescently labeled
secondary antibody and end-labeling of a DNA probe with
biotin such that it can be detected with fluorescently labeled
streptavidin. The term “biological sample” is intended to
include tissues, cells and biological fluids isolated from a
subject, as well as tissues, cells and fluids present within a
subject. That is, the detection method of the invention can be
used to detect the target gene mRNA, protein, or genomic
DNA in a biological sample in vitro as well as in vivo. For
example, in vitro techniques for detection of the target gene
mRNA include Northern hybridizations and in situ hybrid-
izations. In vitro techniques for detection of the target gene
protein include enzyme linked immunosorbent assays (ELI-
SAs), Western blots, immunoprecipitations and immunofluo-
rescence. In vitro techniques for detection of the target gene
genomic DNA include Southern hybridizations.

In one embodiment, the biological sample contains protein
molecules from the test subject. Alternatively, the biological
sample can contain mRNA molecules from the test subject or
genomic DNA molecules from the test subject. A preferred
biological sample is a peripheral blood leukocyte sample
isolated by conventional means from a subject.

In another embodiment, the methods further involve
obtaining a control biological sample from a control subject,
contacting the control sample with a compound or agent
capable of detecting the target gene protein, mRNA, or
genomic DNA, such that the presence of the target gene
protein, mRNA or genomic DNA is detected in the biological
sample, and comparing the presence of the target gene pro-
tein, mRNA or genomic DNA in the control sample with the
presence of the target gene protein, mRNA or genomic DNA
in the test sample.

The invention also encompasses kits for detecting the pres-
ence of the target gene in a biological sample (a test sample).
Such kits can be used to determine if a subject is suffering
from or is at increased risk of developing a disorder associ-
ated with aberrant expression of the target gene (e.g., the
presence of a drug resistance cancer). For example, the kit can
comprise a labeled compound or agent capable of detecting
the target gene protein or mRNA in a biological sample and
means for determining the amount of the target gene in the
sample (e.g., an anti-the target gene antibody or an oligo-
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nucleotide probe which binds to DNA encoding the target
gene. Kits may also include instruction for observing that the
tested subject is suffering from or is at risk of developing a
disorder associated with aberrant expression of the target
gene if the amount of the target gene protein or mRNA is
above or below a normal level.

For antibody-based kits, the kit may comprise, for
example: (1) a first antibody (e.g., attached to a solid support)
which binds to the target gene protein; and, optionally, (2) a
second, different antibody which binds to the target gene
protein or the first antibody and is conjugated to a detectable
agent.

For oligonucleotide-based kits, the kit may comprise, for
example: (1) a oligonucleotide, e.g., a detectably labelled
oligonucleotide, which hybridizes to the target gene nucleic
acid sequence or (2) a pair of primers useful for amplifying
the target gene nucleic acid molecule;

The kit may also comprise, e.g., a buffering agent, a pre-
servative, or a protein stabilizing agent. The kit may also
comprise components necessary for detecting the detectable
agent (e.g., an enzyme or a substrate). The kit may also
contain a control sample or a series of control samples which
can be assayed and compared to the test sample contained.
Each component of the kit is usually enclosed within an
individual container and all of the various containers are
within a single package along with instructions for observing
whether the tested subject is suffering from or is at risk of
developing a disorder associated with aberrant expression of
the target gene.

Prognostic Assays

The methods described herein can furthermore be utilized
as diagnostic or prognostic assays to identify subjects having
or at risk of developing a disease or disorder associated with
aberrant target gene expression or activity. For example, the
assays described herein, such as the preceding diagnostic
assays or the following assays, can be utilized to identify a
subject having or at risk of developing a disorder associated
with aberrant target gene protein, nucleic acid expression or
activity (eg., the presence of radiation resistant tumor cells).
Alternatively, the prognostic assays can be utilized to identify
a subject having or at risk for developing such a disease or
disorder. Thus, the present invention provides a method in
which a test sample is obtained from a subject and the target
gene protein or nucleic acid (e.g., mRNA, genomic DNA) is
detected, wherein the presence or relative quantity of the
target gene protein or nucleic acid is diagnostic for a subject
having or at risk of developing a disease or disorder associ-
ated with aberrant target gene expression or activity. As used
herein, a “test sample” refers to a biological sample obtained
from a subject of interest. For example, a test sample can be a
biological fluid (e.g., serum), cell sample, or tissue.

Furthermore, the prognostic assays described herein can be
used to determine whether a subject can be administered an
agent (e.g., an agonist, antagonist, peptidomimetic, protein,
peptide, nucleic acid, small molecule, or other drug candi-
date) to treat a disease or disorder associated with aberrant
target gene expression or activity. Thus, if decreased target
gene expression is a cause of increased drug resistance, such
methods can be used to determine whether a subject can be
effectively treated with a specific agent or class of agents
(e.g., agents of a type which increase the target gene activity).
Thus, the present invention provides methods for determining
whether a subject can be effectively treated with an agent for
a disorder associated with aberrant target gene expression or
activity in which a test sample is obtained and the target gene
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protein or nucleic acid is detected (e.g., wherein the presence
orrelative quantity of the target gene protein or nucleic acid is
diagnostic for a subject that can be administered the agent to
treat a disorder associated with aberrant target gene expres-
sion or activity). In some embodiments, the foregoing meth-
ods provide information useful in prognostication, staging
and management of malignancies (tumors) that are charac-
terized by altered expression of the target gene and thus by a
radiation-resistant phenotype. The information more specifi-
cally assists the clinician in designing radiation therapy or
other treatment regimes to eradicate such malignancies from
the body of an afflicted subject.

The methods of the invention can also be used to detect
genetic lesions (e.g., mutations or amplifications) in the target
gene, thereby determining if a subject with the altered gene is
at risk for a disorder characterized by aberrant cell prolifera-
tion and/or differentiation. For example, genetic mutations,
whether of germline or somatic origin, may indicate whether
the process of developing radiation resistance has been initi-
ated or is likely to arise in the tested cells. In preferred
embodiments, the methods include detecting, in a sample of
cells from the subject, the presence or absence of a genetic
lesion characterized by at least one of an alteration affecting
the integrity of a gene encoding the target gene-protein, the
mis-expression of the target gene, or the amplification of the
target gene. Preferably the sample of cells is obtained from a
body tissue suspected of comprising transformed cells (e.g.,
cancer cells). Thus, the present method provides information
relevant to diagnosis of the presence of a tumor.

Genetic lesions can be detected, for example, by ascertain-
ing the existence of at least one of 1) a deletion of one or more
nucleotides from the target gene; 2) an addition of one or
more nucleotides to the target gene; 3) a substitution of one or
more nucleotides of the target gene, 4) a chromosomal rear-
rangement of the target gene; 5) an alteration in the level of a
messenger RNA transcript of the target gene, 6) aberrant
modification of the target gene, such as of the methylation
pattern of the genomic DNA, 7) the presence of a non-wild
type splicing pattern of a messenger RNA transcript of the
target gene, 8) a non-wild type level of the target gene-pro-
tein, 9) allelic loss of the target gene, 10) amplification of the
target gene, and 11) inappropriate post-translational modifi-
cation of the target gene-protein. As described herein, there
are a large number of assay techniques known in the art which
can be used for detecting lesions in the target gene. A pre-
ferred biological sample is a biopsy sample of tissue sus-
pected of comprising transformed cells isolated by conven-
tional means from a subject.

In certain embodiments, detection of the lesion involves
the use of a probe/primer in a polymerase chain reaction
(PCR) (see, e.g., Landegran et al. (1988) Science 241:1077-
1080; and Nakazawa et al. (1994) Proc. Natl. Acad. Sci. USA
91:360-364), the latter of which can be particularly useful for
detecting point mutations in the target gene (see Abravaya et
al. (1995) Nucleic Acids Res. 23:675-682). This method can
include the steps of collecting a sample of cells from a patient,
isolating nucleic acid (e.g., genomic, mRNA or both) from
the cells of the sample, contacting the nucleic acid sample
with one or more primers which specifically hybridize to the
target gene under conditions such that hybridization and
amplification of the target gene -gene (if present) occurs, and
detecting the presence or absence of an amplification product,
or detecting the size of the amplification product and com-
paring the length to a control sample. It is anticipated that
PCR and/or LCR may be desirable to use as a preliminary
amplification step in conjunction with any of the techniques
used for detecting mutations described herein.
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Alternative amplification methods include: self-sustained
sequence replication (Guatelli et al. (1990) Proc. Nati. Acad.
Sci. USA 87:1874-1878), transcriptional amplification sys-
tem (Kwoh, etal. (1989) Proc. Natl. Acad. Sci. USA 86:1173-
1177), Q-Beta Replicase (Lizardi et al. (1988) Bio/Technol-
ogy 6:1197), or any other nucleic acid amplification method,
followed by the detection of the amplified molecules using
techniques well known to those of skill in the art. These
detection schemes are especially useful for the detection of
nucleic acid molecules if such molecules are present in very
low numbers.

In an alternative embodiment, mutations in the target gene
from a sample cell can be identified by alterations in restric-
tion enzyme cleavage patterns. For example, sample and con-
trol DNA is isolated, amplified (optionally), digested with
one or more restriction endonucleases, and fragment length
sizes are determined by gel electrophoresis and compared.
Differences in fragment length sizes between sample and
control DNA indicates mutations in the sample DNA. More-
over, the use of sequence specific ribozymes can be used to
score for the presence of specific mutations by development
or loss of a ribozyme cleavage site.

In other embodiments, genetic mutations in the target gene
can be identified by hybridizing a sample and control nucleic
acids, e.g., DNA or RNA, to high density arrays containing
hundreds or thousands of oligonucleotides probes (Cronin et
al. (1996) Human Mutation 7:244-255; Kozal et al. (1996)
Nature Medicine 2:753-759). For example, genetic mutations
in the target gene can be identified in two-dimensional arrays
containing light-generated DNA probes as described in Cro-
nin et al. supra. Briefly, a first hybridization array of probes
can be used to scan through long stretches of DNA in a sample
and control to identify base changes between the sequences
by making linear arrays of sequential overlapping probes.
This step allows the identification of point mutations. This
step is followed by a second hybridization array that allows
the characterization of specific mutations by using smaller,
specialized probe arrays complementary to all variants or
mutations detected. Each mutation array is composed of par-
allel probe sets, one complementary to the wild-type gene and
the other complementary to the mutant gene.

In yet another embodiment, any of a variety of sequencing
reactions known in the art can be used to directly sequence the
target gene and detect mutations by comparing the sequence
of the sample the target gene with the corresponding wild-
type (control) sequence. Additionally, sequencing of the
DNA flanking the target gene can be used to determine if the
target gene has been amplified. Examples of sequencing reac-
tions include those based on techniques developed by Maxim
and Gilbert ((1977) Proc. Natl. Acad. Sci. USA 74:560) or
Sanger ((1977) Proc. Natl. Acad. Sci. USA 74:5463). Itis also
contemplated that any of a variety of automated sequencing
procedures can be utilized when performing the diagnostic
assays ((1995) Bio/Techniques 19:448), including sequenc-
ing by mass spectrometry (see, e.g., Adv. Chromatogr.
36:127-162; and Griffin et al. (1993) Appl. Biochem. Bio-
technol. 38:147-159).

Other methods for detecting mutations in the target gene
include methods in which protection from cleavage agents is
used to detect mismatched bases in RNA/RNA or RNA/DNA
heteroduplexes (Myers et al. (1985) Science 230:1242). In
general, the art technique of “mismatch cleavage” starts by
providing heteroduplexes of formed by hybridizing (labeled)
RNA or DNA containing the wild-type the target gene
sequence with potentially mutant RNA or DNA obtained
from a tissue sample. The double-stranded duplexes are
treated with an agent which cleaves single-stranded regions
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of the duplex such as which will exist due to basepair mis-
matches between the control and sample strands. For
instance, RNA/DNA duplexes can be treated with RNase and
DNA/DNA hybrids treated with S1 nuclease to enzymatically
digesting the mismatched regions. In other embodiments,
either DNA/DNA or RNA/DNA duplexes can be treated with
hydroxylamine or osmium tetroxide and with piperidine in
order to digest mismatched regions. After digestion of the
mismatched regions, the resulting material is then separated
by size on denaturing polyacrylamide gels to determine the
site of mutation. See, e.g., Cotton et al (1988) Proc. Natl Acad
Sci USA 85:4397; Saleeba et al (1992) Methods Enzymol.
217:286-295. In a preferred embodiment, the control DNA or
RNA can be labeled for detection.

In still another embodiment, the mismatch cleavage reac-
tion employs one or more proteins that recognize mismatched
base pairs in double-stranded DNA (so called “DNA mis-
match repair” enzymes) in defined systems for detecting and
mapping point mutations in the target gene cDNAs obtained
from samples of cells. For example, the mutY enzyme of E.
coli cleaves A at G/A mismatches and the thymidine DNA
glycosylase from Hela cells cleaves T at G/T mismatches
(Hsu et al. (1994) Carcinogenesis 15:1657-1662). According
to an exemplary embodiment, a probe based on the target
gene sequence, e.g., a wild-type target gene sequence, is
hybridized to a ¢cDNA or other DNA product from a test
cell(s). The duplex is treated with a DNA mismatch repair
enzyme, and the cleavage products, if any, can be detected
from electrophoresis protocols or the like.

In other embodiments, alterations in electrophoretic
mobility will be used to identify mutations in the target genes.
For example, single strand conformation polymorphism
(SSCP) may be used to detect differences in electrophoretic
mobility between mutant and wild type nucleic acids (Orita et
al. (1989) Proc Natl. Acad. Sci USA: 86:2766, see also Cotton
(1993) Mutat. Res. 285:125-144; and Hayashi (1992) Genet
Anal Tech Appl 9:73-79). Single-stranded DNA fragments of
sample and control the target gene nucleic acids will be dena-
tured and allowed to renature. The secondary structure of
single-stranded nucleic acids varies according to sequence,
the resulting alteration in electrophoretic mobility enables the
detection of even a single base change. The DNA fragments
may be labeled or detected with labeled probes. The sensitiv-
ity of the assay may be enhanced by using RNA (rather than
DNA), in which the secondary structure is more sensitive to a
change in sequence. In a preferred embodiment, the subject
method utilizes heteroduplex analysis to separate double
stranded heteroduplex molecules on the basis of changes in
electrophoretic mobility (Keen et al. (1991) Trends Genet
7:5).

In yet another embodiment, the movement of mutant or
wild-type fragments in polyacrylamide gels containing a gra-
dient of denaturant is assayed using denaturing gradient gel
electrophoresis (DGGE) (Myers et al. (1985) Nature 313:
495). When DGGE is used as the method of analysis, DNA
will be modified to insure that it does not completely dena-
ture, for example by adding a GC clamp of approximately 40
bp of high-melting GC-rich DNA by PCR. In a further
embodiment, a temperature gradient is used in place of a
denaturing gradient to identify differences in the mobility of
control and sample DNA (Rosenbaum and Reissner (1987)
Biophys Chem 265:12753).

Examples of other techniques for detecting point mutations
include, but are not limited to, selective oligonucleotide
hybridization, selective amplification, or selective primer
extension. For example, oligonucleotide primers may be pre-
pared in which the known mutation is placed centrally and
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then hybridized to target DNA under conditions which permit
hybridization only if a perfect match is found (Saiki et al.
(1986) Nature 324:163); Saiki et al. (1989) Proc. Natl Acad.
Sci USA 86:6230). Such allele specific oligonucleotides are
hybridized to PCR amplified target DNA or a number of
different mutations when the oligonucleotides are attached to
the hybridizing membrane and hybridized with labeled target
DNA.

Alternatively, allele specific amplification technology
which depends on selective PCR amplification may be used in
conjunction with the instant invention. Oligonucleotides used
as primers for specific amplification may carry the mutation
of interest in the center of the molecule (so that amplification
depends on differential hybridization) (Gibbs et al. (1989)
Nucleic Acids Res. 17:2437-2448) or at the extreme 3' end of
one primer where, under appropriate conditions, mismatch
can prevent, or reduce polymerase extension (Prossner
(1993) Tibtech 11:238). In addition, it may be desirable to
introduce a novel restriction site in the region of the mutation
to create cleavage-based detection (Gasparini et al. (1992)
Mol. Cell Probes 6:1). Itis anticipated that in certain embodi-
ments amplification may also be performed using Taq ligase
for amplification (Barany (1991) Proc. Natl. Acad. Sci USA
88:189). In such cases, ligation will occur only if there is a
perfect match at the 3' end of the 5' sequence making it
possible to detect the presence of a known mutation at a
specific site by looking for the presence or absence of ampli-
fication.

The methods described herein may be performed, for
example, by utilizing pre-packaged diagnostic kits compris-
ing at least one probe nucleic acid or antibody reagent
described herein, which may be conveniently used, e.g., in
clinical settings to diagnose patients exhibiting symptoms or
family history ofa disease or illness involving the target gene.

Furthermore, any cell type or tissue, preferably biopsy
samples of tissue comprising or suspected of comprising
transformed cells, in which the target gene is expressed may
be utilized in the prognostic assays described herein.

Pharmacogenomics

Agents or modulators which have a stimulatory or inhibi-
tory effect on the target gene activity (e.g., the target gene
expression) as identified by a screening assay described
herein can be administered to individuals to treat (prophylac-
tically or therapeutically) disorders (e.g., radiation-resis-
tance) associated with aberrant target gene activity. In con-
junction with such treatment, the pharmacogenomics (i.e., the
study of the relationship between an individual’s genotype
and that individual’s response to a foreign compound or
radiation) ofthe individual may be considered. Differences in
metabolism of therapeutics can lead to severe toxicity or
therapeutic failure by altering the relation between dose and
blood concentration of the radiation therapy. Thus, the phar-
macogenomics of the individual permits the selection of
effective treatmentss (e.g., radiation) for prophylactic or
therapeutic treatments based on a consideration of the indi-
vidual’s genotype. Such pharmacogenomics can further be
used to determine appropriate dosages and therapeutic regi-
mens. Accordingly, the activity of the target gene protein,
expression of the target gene nucleic acid, or mutation content
of the target genes in an individual can be determined to
thereby select appropriate agent(s) for therapeutic or prophy-
lactic treatment of the individual.

Pharmacogenomics deals with clinically significant
hereditary variations in the response to drugs due to altered
drug disposition and abnormal action in affected persons.
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See, e.g., Linder (1997) Clin. Chem. 43(2): 254-266. In gen-
eral, two types of pharmacogenetic conditions can be differ-
entiated. Genetic conditions transmitted as a single factor
altering the way drugs act on the body (altered drug action) or
genetic conditions transmitted as single factors altering the
way the body acts on drugs (altered drug metabolism). These
pharmacogenetic conditions can occur either as rare defects
or as polymorphisms. For example, glucose-6-phosphate
dehydrogenase deficiency (G6PD) is a common inherited
enzymopathy in which the main clinical complication is
haemolysis after ingestion of oxidant drugs (anti-malarials,
sulfonamides, analgesics, nitrofurans) and consumption of
fava beans.

As anillustrative embodiment, the activity of drug metabo-
lizing enzymes is a major determinant of both the intensity
and duration of drug action. The discovery of genetic poly-
morphisms of drug metabolizing enzymes (e.g., N-acetyl-
transferase 2 (NAT 2) and cytochrome P450 enzymes
CYP2D6 and CYP2C19) has provided an explanation as to
why some patients do not obtain the expected drug effects or
show exaggerated drug response and serious toxicity after
taking the standard and safe dose of a drug. These polymor-
phisms are expressed in two phenotypes in the population, the
extensive metabolizer (EM) and poor metabolizer (PM). The
prevalence of PM is different among different populations.
For example, the gene coding for CYP2D6 is highly poly-
morphic and several mutations have been identified in PM,
which all lead to the absence of functional CYP2D6. Poor
metabolizers of CYP2D6 and CYP2C19 quite frequently
experience exaggerated drug response and side effects when
they receive standard doses. If a metabolite is the active
therapeutic moiety, PM show no therapeutic response, as
demonstrated for the analgesic effect of codeine mediated by
its CYP2D6-formed metabolite morphine. The other extreme
are the so called ultra-rapid metabolizers who do not respond
to standard doses. Recently, the molecular basis of ultra-rapid
metabolism has been identified to be due to CYP2D6 gene
amplification.

Thus, the activity of the target gene protein, expression of
the target gene nucleic acid, or mutation content of the target
genes in an individual can be determined to thereby select
appropriate agent(s) for therapeutic or prophylactic treatment
of'the individual. In addition, pharmacogenetic studies can be
used to apply genotyping of polymorphic alleles encoding
drug-metabolizing enzymes to the identification of an indi-
vidual’s drug responsiveness phenotype. This knowledge,
when applied to dosing or drug selection, can avoid adverse
reactions or therapeutic failure and thus enhance therapeutic
or prophylactic efficiency when treating a subject with the
target gene modulator, such as a modulator identified by one
of the exemplary screening assays described herein.

Monitoring of Effects During Clinical Trials

Monitoring the influence of agents (e.g., drugs, com-
pounds) on the expression or activity of the target gene (e.g.,
the ability to modulate the drug-resistant phenotype of a cell)
can be applied not only in basic drug screening, but also in
clinical trials. For example, the effectiveness of an agent
determined by a screening assay as described herein to
increase the target gene expression, protein levels, or down-
regulate the target gene activity, can be monitored in clinical
trails of subjects exhibiting increased the target gene expres-
sion, protein levels, or upregulated the target gene activity.

Alternatively, the effectiveness of an agent determined by a
screening assay to increase the target gene expression, protein
levels, or upregulate the target gene activity (e.g., to decrease
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the radiation sensitivity of a non-cancerous cell), can be
monitored in clinical trials of compounds designed to
decrease the target gene expression, protein levels, or down-
regulate the target gene activity. In such clinical trials, the
expression or activity of the target gene and, preferably, other
genes that have been implicated in, for example, a cellular
proliferation disorder, can be used as a “read out” or markers
of the radiation sensitivity of a particular cell.

For example, and not by way of limitation, genes, including
the target gene, that are modulated in cells by treatment with
an agent (e.g., compound, drug or small molecule) which
modulates the target gene activity (e.g., identified in a screen-
ing assay as described herein) can be identified. Thus, to study
the effect of agents on cellular proliferation disorders, for
example, in a clinical trial, cells can be isolated and RNA
prepared and analyzed for the levels of expression of the
target gene or other genes implicated in the disorder. The
levels of gene expression (i.e., a gene expression pattern) can
be quantified by Northern blot analysis or RT-PCR, as
described herein, or alternatively by measuring the amount of
protein produced, by one of the methods as described herein,
or by measuring the levels of activity of the target gene or
other genes. In this way, the gene expression pattern can serve
as a marker, indicative of the physiological response of the
cells to the agent. Accordingly, this response state may be
determined before, and at various points during, treatment of
the individual with the radiation therapy.

In a preferred embodiment, the present invention provides
a method for monitoring the effectiveness of treatment of a
subject with an agent (e.g., an agonist, antagonist, peptido-
mimetic, protein, peptide, nucleic acid, small molecule, or
other drug candidate identified by the screening assays
described herein) comprising the steps of (i) obtaining a pre-
administration sample from a subject prior to administration
of the treatment; (ii) detecting the level of expression of the
target gene protein, mRNA, or genomic DNA in the pread-
ministration sample; (iii) obtaining one or more post-admin-
istration samples from the subject; (iv) detecting the level of
expression or activity of the target gene protein, mRNA, or
genomic DNA in the post-administration samples; (v) com-
paring the level of expression or activity of the target gene
protein, mRNA, or genomic DNA in the pre-administration
sample with the target gene protein, nRNA, or genomic DNA
in the post administration sample or samples; and (vi) altering
the administration of the treatment to the subject accordingly.
For example, increased administration of the agent may be
desirable to decrease the expression or activity of the target
gene to higher levels than detected, i.e., to increase the effec-
tiveness of the treatment.

Methods of Treatment

The present invention provides for both prophylactic and
therapeutic methods of treating a subject at risk of (or sus-
ceptible to) a disorder or having a disorder associated with
aberrant target gene expression or activity. Such disorders
include cellular resistance to radiation therapy.

Prophylactic Methods

In one aspect, the invention provides a method for prevent-
ing in a subject, a disease or condition associated with an
aberrant target gene expression or activity (e.g., the develop-
ment of radiation resistance), by administering to the subject
an agent which modulates the target gene expression or at
least one target gene activity. Subjects at risk for a condition
which is caused or contributed to by aberrant target gene
expression or activity can be identified by, for example, any or
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acombination of diagnostic or prognostic assays as described
herein. Administration of'a prophylactic agent can occur prior
to the manifestation of symptoms characteristic of the target
gene aberrancy, such that a disease or disorder is prevented or,
alternatively, delayed in its progression. For example, admin-
istration of a prophylatic agent to a cancer patient may prevent
or delay the development of radiation resistance in the
patient’s cancer cells. Depending on the type of the target
gene aberrancy, for example, the target gene agonist or the
target gene antagonist agent can be used for treating the
subject. The appropriate agent can be determined based on
screening assays described herein.

Therapeutic Methods

Another aspect of the invention pertains to methods of
modulating the target gene expression or activity for thera-
peutic purposes. For example, the effectiveness of radiation
therapy is “potentiated” (enhanced) by restoring or improv-
ing vulnerability of the transformed cells to the cytotoxic
effects of radiation that otherwise would be less effective by
reducing the expression of the target gene in the cells. The
modulatory method ofthe invention involves contacting a cell
with an agent that modulates one or more of the activities of
the target gene protein activity associated with the cell. An
agent that modulates the target gene protein activity can be an
agent as described herein, such as a nucleic acid or a protein,
a naturally-occurring cognate ligand of the target gene pro-
tein, a peptide, the target gene peptidomimetic, or other small
molecule. In one embodiment, the agent stimulates one or
more of the biological activities of the target gene protein.
Examples of such stimulatory agents include active the target
gene protein and a nucleic acid molecule encoding the target
gene that has been introduced into the cell. In another
embodiment, the agent inhibits one or more of the biological
activities of the target gene protein. Examples of such inhibi-
tory agents include antisense the target gene nucleic acid
molecules and anti-the target gene antibodies. These modu-
latory methods can be performed in vitro (e.g., by culturing
the cell with the agent) or, alternatively, in vivo (e.g, by
administering the agent to a subject). As such, the present
invention provides methods of treating an individual afflicted
with a disease or disorder characterized by aberrant expres-
sion or activity of the target gene protein or nucleic acid
molecule. In one embodiment, the method involves adminis-
tering an agent (e.g., an agent identified by a screening assay
described herein), or combination of agents that modulates
(e.g., upregulates or downregulates) the target gene expres-
sion or activity. In another embodiment, the method involves
administering the target gene protein or nucleic acid molecule
as therapy to compensate for reduced or aberrant target gene
expression or activity.

For example, in one embodiment, the method involves
administering a desired drug to an individual afflicted with a
radiation-resistant cell population (a tumor, e.g., a carcinoma,
sarcoma, leukemia, lymphoma, or lymphosarcoma), and
coadministering a stumlator of the target gene expression or
activity. The administration and coadministration steps can
be carried out concurrently or in any order, and can be sepa-
rated by a time interval sufficient to allow uptake of either
compound by the cells to be eradicated. For example, an
antisense pharmaceutical composition (or a cocktail compo-
sition comprising an the target gene antisense oligonucleotide
in combination with one or more other antisense oligonucle-
otides) can be administered to the individual sufficiently in
advance of administration of the radiation therappy to allow
the antisense composition to permeate the individual’s tis-
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sues, especially tissue comprising the transformed cells to be
eradicated; to be internalized by transformed cells; and to
modulate the target gene expression and/or protein produc-
tion.

Stimulation of the target gene activity is desirable in situ-
ations in which the target gene is abnormally down-regulated
and/or in which increased target gene activity is likely to have
a beneficial effect, e.g., in increasing the radiation sensitivity
of a cancer cell. Conversely, inhibition of the target gene
activity is desirable in situations in which the target gene is
abnormally up-regulated and/or in which decreased the target
gene activity is likely to have a beneficial effect, e,g., in
decreasing the radiation sensitivity of a non-cancer cell.

This invention is further illustrated by the following
examples which should not be construed as limiting. The
contents of all references, patents and published patent appli-
cations cited throughout this application are hereby incorpo-
rated by reference.

EXAMPLE I

The invention includes a classifier to predict cellular radia-
tion sensitivity based on gene expression profiles in thirty-
five cell lines from the NCI panel of 60 cancer cell lines
(NCI-60), using a novel approach to predictive gene analysis.
The classifier predicts, within 10%, the survival fraction
value after 2 Grays (SF2) for twenty-two of the thirty-five cell
lines for a 62% predictive accuracy. A permutation analysis
shows that the likelihood of predicting 22 SF2s out of 35
samples within 10% by chance alone was 1 in 5,000
(p=0.0002). Furthermore, analysis identified three novel
genes, retinoblastoma binding protein 4 (RbAp48), G-protein
signaling regulator 19 (RGS19) and ribose-5-phosphate
isomerase A (RSPIA) whose expression values are strongly
correlated with radiation sensitivity. Moreover, gene selec-
tion analysis by performing quantitative real-time PCR of the
selected genes, confirms the target geneexpression level as
determined by the microarray. Finally classifier can be used to
modulate the resistance of a cell to radiation, as shown by
transfection of RbAp48 into HS-578T cells, a radioresistant
cell line that displayed low baseline RbAp48 expression
induced significant radiosensitization when compared to a
mock-transfected cell line, as predicted by the classifier.

Development of a radiation classifier in the NCI panel of 60
cell lines (NCI-60)

The general scheme of the classifier is shownin FIG. 1. The
approach adopted by the inventors utilized a subset of 35 cell
lines from the NCI panel of 60 for which radiation sensitivity
data as defined by survival fraction after 2 Gy (SF2) was
either published in the literature (23 cell lines) or determined
in our lab (12 cell lines). The baseline genomic expression for
each of these cell lines was obtained from the study by Stau-
ton® (Affymetrix HU-6800 microarrays, 7,129 genes, avail-
able at http://www-genome.wi.mit.edu/cgi-bin/cancer/publi-
cations/pubpaper.cgi?mode=view&paperid=59).

The design of the classifier involved two steps. An initial
step (gene filtering), to identify only those genes that were
predictive of radiation response. This was performed using
SAM analysis (Significant Analysis of Microarrays). Statis-
tical tests of correlation with a response variable are subject to
significant loss of power due to the large number of multiple
hypothesis (e.g. 7,129) being tested. In the SAM analysis,
permutation analysis is performed to estimate the false dis-
covery rate empirically. As shown in FIG. 1, the gene expres-
sion profile and radiation sensitivity parameter (SF2) for each
cell line are used by SAM to identify the genes (output)
correlated with the radiation parameter. To limit the potential

5

10

15

20

25

30

35

40

45

55

60

28

genes that might be selected by this approach, the number of
genes was chosen such that an estimated false discovery rate
(FDR) of 5% was achieved. A permutation analysis (noise)
was generated within the inventor’s own dataset by creating
one hundred random permutations of incorrect pairings of
gene expression profiles and radiation sensitivity. SAM
analysis was performed for these incorrectly paired samples
as described above.

Only genes selected by the correct pairings and not
selected by the incorrect pairing were further used in the
classifier. Genes selected by both correct and incorrect pair-
ings were disregarded.

The next step involved the evaluation of the classifier. This
was performed by leave-one-out cross validation. This
approach was chosen because it is a robust analytical process,
useful when small numbers of samples are available. In this
approach the samples are divided in 34 training samples and
1 test sample. Gene filtering as described above is performed
using the 34 training samples and the genes selected are then
used to build the classifier. The classifier is then evaluated
using the test sample. The gene expression in the test sample
of the SAM selected genes is provided to the classifier that
then predicts its radiation sensitivity (SF2), using a multivari-
ate linear regression approach. This process is repeated an
additional 34 times so that each sample serves as the test
sample once. SF2 is treated as a continuous variable and a
prediction is deemed correct if it is within 10% of the actual
reported average SF2 (for those cell lines obtained from the
literature) or within the range of measured SF2s in our own
experiments (occasionally more than 10%, in 4 of 35 cell
lines).

EXAMPLE 1II

FIG. 6 and 7 show the results of the classifier. The classifier
predicted 22/35 (62%) of the cell lines SF2 values correctly.
A median and mean absolute difference of 0.104 and 0.157
respectively between the true and predicted SF2s was calcu-
lated. Thirteen samples were incorrectly classified. Of these,
2 samples missed their cutoff by less that 5%. These include
cell lines KM 12 (Predicted SF2=0.56, True SF2=0.42, Cut-
off=0.52) and SF 539 (Predicted SF2=0.677, True SF2=0.82,
Cutoff=0.72). All three leukemia cell lines in the list (HL.60,
CCRF-CEM and MOLT4) were incorrectly classified as well.
However for two of them (HL60 and CCRF-CEM), the pre-
dicted SF2 was a negative number (-0.014 and -0.133
respectively). Therefore, the classifier judged these two cell
lines to be in the radiosensitive side of the spectrum, which is
indeed true. However this failed to meet the criteria as origi-
nally defined and thus they were classified as incorrect pre-
dictions.

FIG. 8 shows the list of genes that were selected by SAM
analysis to be predictive of radiation response. The four top
genes were consistently selected by SAM through all or most
of'the 35 rounds of training. The genes include ribose 5-phos-
phate isomerase A (selected by SAM 35/35 times), retino-
blastoma binding protein 4, also known as RbAp48 (selected
by SAM 34/35 times), G protein signaling regulator 19 (se-
lected by SAM 34/35 times) and an unknown gene (Affyme-
trix ID HG4236-HT4506, selected by SAM 33/35 times).
FIG. 2 shows that there was a linear correlation between the
expression values of each of the “predictive” genes and radia-
tion sensitivity. In general for each of the selected genes, a
higher expression value was correlated with a more radiosen-
sitive phenotype.

The likelihood that chance alone would be able to predict
22/35 samples correctly needed to be determined. Although,
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the likelihood of any predicted SF2 being correct was 20% for
most samples, the fact was that not all possible SF2 values
(0.01-1.0) had the same probability of being predicted by the
classifier. Therefore a statistical test was generated where
10,000 permutations of incorrectly paired predicted SF2 and
true SF2. Only twice in the 10,000 permutations were 22
samples classified correctly by chance alone (p=0.0002) was
generated, further supporting the validity of the approach.

EXAMPLE III

Quantitative PCR validates the expression level of the three
known genes selected by the analysis as predictive of radia-
tion response. To validate the gene selection step, the inven-
tors determined the expression level of the three known genes
selected by the analysis using quantitative real-time PCR. To
perform these experiments of validation, cell lines were
selected for each candidate gene that were on opposing ends
of the radiation sensitivity and gene expression spectrum. As
shown in FIGS. 3A through F, there was excellent correlation
between quantitative real-time PCR and microarrays for all
three known genes selected by the analysis. A total of 26 cell
lines were assayed (10 lines for RGS-19, 8 lines for RbAp48,
8 lines for Ribose 5 Phosphate Isomerase A). RT-PCR gene
expression values for the gene of interest in 22 of the 26 cell
lines fell within the expected range measured by the Affyme-
trix HU-6800 chip.

EXAMPLE IV

Overexpression of RbAp48 induces radiosensitization.
RbAp48,a WD-40 protein, was first identified as a ubiquitous
binding partner for the retinoblastoma protein. It has been
shown that it is required for transcriptional repression of
E2F-regulated genes. Furthermore, MSI1, an RbAp48
homolog in Saccharomyces cerevisiae was shown to be a
negative regulator of Ras. Since both proliferation and Ras
have been implicated in pathways mediating radiation resis-
tance, the inventors hypothesized that RbAp48 could be
mechanistically linked to radiation sensitivity. FIG. 4 shows
that RbAp48 protein expression correlated with its RNA
expression. Radiosensitive cell lines had a higher expression
of this protein than radioresistant cell lines. The inventors
transfected RbAp48 into HS-578T cells, a breast cancer cell
line that was radioresistant and displayed low expression of
RbAp48. Several stable RbAp48 hi-expressors clones were
developed, as shown in FIG. 5. The clones were treated with
2Gy of radiation and assayed. Overexpression of RbAp48
conferred a radiosensitive phenotype to previously radiore-
sistant HS-578T cells (SF2 RbAp48 hi=0.27 vs Mock=0.68),
establishing a mechanisitic link between RbAp48 and radi-
osensitivity, thus validating the biological value of the clas-
sifier.

The present invention includes, for the first time, a
genome-wide approach to the identification of potential tar-
gets for radiosensitization using a novel radiation sensitivity
classifier. In thismethod a radiation sensitivity classifier is
developed to predict the inherent radiosensitivity of tumor
cell lines as measured by survival fraction at 2 Gy (SF2),
based on gene expression profiles. This was performed in a
subset of 35 cell lines from the NCI panel of 60 whose
expression profiles (Affymetrix HU-6800) were available in
the literature. The classifier correctly predicted within 10%
the SF2 value in 22 of 35 cell lines from the NCI panel of 60,
a result significantly different from chance (p=0.0002). Fur-
thermore, the gene selection step consistently chose three
known and one unknown gene as correlated with radiosensi-
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tivity prediction. The expression of these selected “predic-
tive” genes was validated by quantitative real-time PCR,
where excellent correlation between expression values as
measured by qRT-PCR and microarrays was shown. Most
importantly transfection of RbAp48, one of the “predictive”
genes selected by the classifier, into HS-578T cells (a radiore-
sistant and low RbAp48 expressor) induced radiosensitiza-
tion, thus biologically validating the novel approach to gene
analysis.

The implications of these findings are significant. First, the
clinical strategy of radiosensitization using concurrent radio-
chemotherapy protocols has resulted in a significant increase
in overall survival for lung, cervical, head and neck and
esophageal cancer. However, one of the major hurdles pre-
venting the development of better radiosensitizing agents is
the lack of knowledge of targets known to affect radiation
sensitivity. The technology presented herein provides for the
identification of novel targets that can be exploited for thera-
peutic gain.

Second, it has been shown for the first time that radiation
sensitivity is predictable based on baseline gene expression
profiles. Although RT has been used in cancer therapeutics
since the early 20? century, the development of the clinical
science has been largely empirical. As a result radiation doses
are prescribed today mainly based on normal tissue tolerance
and tumor control probability guidelines. These guidelines
have been developed mostly over time based on historical
clinical experience and retrospective clinical databases.
Therefore radiation oncologists today prescribe radiation for
an “average” patient with an “average” tumor without any
consideration to potential individual differences in the biol-
ogy of the patient and/or tumor. The observation that radiation
sensitivity is predictable based on baseline gene expression
profiles, represents a major leap forward from this view and
may open the door to radiation dose individualization and
tailoring.

It will be seen that the objects set forth above, and those
made apparent from the foregoing description, are efficiently
attained and since certain changes may be made in the above
construction without departing from the scope of the inven-
tion, it is intended that all matters contained in the foregoing
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention which, as a matter of language, might be the to
fall therebetween. Now that the invention has been described,

What is claimed is:

1. A method of generating a radiation classifier for deter-
mining cellular irradiation survival before exposure to the
radiation in a carcinoma, glioma, melanoma, or adenocarci-
noma comprising the steps of:

establishing at least one survival fraction value of at least

one cell line, wherein the one survival fraction value is
established by determining the survival fraction of at
least one cell line after exposure to 2 Gy of radiation, and
wherein the survival fraction is defined as a continuous
variable;

establishing baseline gene expression profiles from the at

least one cell line absent radiation exposure;

selecting genes further comprising:

correlating the baseline gene expression profiles of the at
least one cell line with the cell survival fraction value
to select genes indicative of cellular radiation survival
using Significant Analysis of Microarrays; and
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applying the gene expression of the carcinoma, glioma,
melanoma, or adenocarcinoma to the genes indicative of
cellular survival fraction values to determine the cellular
radiation survival of the carcinoma, glioma, melanoma,
or adenocarcinoma using a linear regression model.

2. The method of claim 1 wherein baseline gene expression

from the at least one cell line is established from a microarray.

3. The method of claim 1 further comprising

obtaining gene expression from a cancer or tumor prior to
irradiation; and

comparing the quantitative gene expression from a cancer
or tumor to the linear regression model, wherein the
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regression model provides a quantitative measure of the
cellular radiation survival before exposure to radiation.

4. The method of claim 1 further comprising

dividing the at least one cell line data into a sample set and
a test set, wherein the test set consists of one cell line;

generating the radiation classifier for determining cellular
irradiation survival before exposure to the radiation
using the sample set; and

evaluating the classifier using leave-one-out cross-valida-
tion.
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