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METHOD FOR THE DIAGNOSIS OF
HIGHER- AND LOWER-GRADE
ASTROCYTOMA USING BIOMARKERS AND
DIAGNOSTIC KIT THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a method for diag-
nosing higher grade astrocytoma/glioblastoma or lower-
grade, astrocytoma (DA or AA) using biomarkers.

[0002] More particularly, it relates to a diagnostic kit for
detecting higher or lower-grade astrocytoma.

BACKGROUND AND PRIOR ART OF THE
INVENTION

[0003] Gliomas are the most common primary brain tumors
and occur at an incidence of almost 12 per 100,000 people
(Landis S H, Murray T, Bolden S and Wingo P A. (1999).
Cancer J. Clin., 49, 8-31). Diffuse astrocytoma may be clas-
sified (as per WHO classification) as low-grade diffuse (DA,
Grade II), anaplastic (AA; Grade III) and glioblastoma
(Grade 1V; GBM), in the order of increasing, malignancy
(Mischel P S and Vinters H V. (2001). (Ed. Liau, L.M.e.a.)
Humana Press; Totowa, N.J., pp. 3-45). Currently, these clas-
sifications are based on the observed histopathological char-
acteristics of the tumor, which are sometimes subjective and
inconsistent. GBM constitutes more than 80% of malignant
gliomas and patients with GBM have a median survival of
less than one year. Current treatments, including surgery,
radiation therapy, and chemotherapy, unfortunately have not
changed the natural history of these incurable neoplasms; and
the prognosis of patients with GBMs, has not improved sig-
nificantly in the past 30 years (Davis F, Freels. S, Grutsch J,
Barlas S and Brem S. (1998). J. Neurosurg., 88, 1-10). To find
new diagnostic and therapeutic strategies, a better under-
standing of the biological pathway(s) leading to glial tumori-
genesis is warranted.

[0004] Astrocytoma development is known to involve
accumulation of a series of genetic alterations (Nagane M, Su
Huang H J and Cavenee W K. (1997). Curr. Opin. Oncol., 9,
215-222) similar to other cancers. Identification of many of
the genes involved in astrocytoma development, using stan-
dard molecular approaches, has helped to understand the
process of astrocytoma genesis and progression (Louis D N
and Gusella J F. (1995). Trends in Genetics, 11, 412-415).
Frequent amplification of epidermal growth factor receptor
(EGFR) (Hill ] R, Kuriyama N, Kuriyama H and Israel M A.
(1999). Arch. Neurol., 56,439-441; Brock C S and Bower M.
(1997). Medical Oncology, 14, 103-120), platelet derived
growth factor receptor (PDGFR) (Hermanson M K, Funa M,
Hartman L, Claesson-Welsh C H, Heldin B, Westermark and
Nistér M. (1992). Cancer Res., 52, 3213-3219; Hermanson
M, Funa K, Koopman J, Maintz D, Waha A, Westermark, B,
Heldin, C H, Wiestler, O D, Louis D N, von Deimling A and
Nistér M. (1996). Cancer Res, 56, 164-171; Maxwell M,
Naber S P, Wolfe H J, Galanopoulos T, Hedley-Whyte E T,
Black P and Antoniades N. (1990). J. Clin. Invest., 85, 131-
40; Westermark B, Heldin C H, and Nistér M. (1995). Glia,
15,257-263; Fleming T P, Saxena A, Clark W C, Robertson J
T, Oldfield E H, Aaronson S A and Ali I U. (1992). Cancer
Res., 52, 4550-4553), amplification of chromosome 12q
region, which carries the cdk4 gene (Nagane M, Su Huang H
Jand Cavenee W K. (1997). Curr. Opin. Oncol., 9, 215-222;
Hill J R, Kuriyama N, Kuriyama H and Israel M A. (1999).
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Arch. Neural., 56, 439-441) and alterations in chromosomes
1p, 9p, 10, 17p, 19q, and 22q have frequently been found in
these tumors. In addition, mutations in the tumor suppressor
gene p53 were found to be associated with chromosome 17p
alterations in low grade and progressive astrocytoma (Maher
E A, Furnari F B, Bachoo R M, Rowitch D H, Louis D N,
Cavenee W K and DePinho R A. (2001). Genes Dev., 15,
1311-1333; Phatak P, Kalai Selvi S, Divya T, Hegde A S,
Hegde S and Somasundaram K. (2002). J. Bioscience, 27,
673-686). Inactivation of the cdk inhibitor p16 INK4a resid-
ing in chromosome 9p, is very common in sporadic astrocy-
toma, occurring in 50-70% of high-grade gliomas and 90% of
GBM cell lines (James C D, He J, Carlbom E, Nordenskjold
M, Cavenee W K and Collins V P. (1991). Cancer Res., 51,
1684-1688; Olopade O1, Jenkins R B, Ransom D T, Malik K,
Pomykala H, Nobori T, Cowan J M, Rowley ] D and Diaz M
0. (1992). Cancer Res., 52, 2523-2529). LOH in chromo-
some 10 is one of the most frequent alterations in GBM and is
accompanied by the loss of PTEN/MMAC gene (Hill J R,
Kuriyama N, Kuriyama H and Israel M A. (1999). Arch.
Neurol., 56,439-441).

[0005] Despite all this information about astrocytoma, our
understanding of astrocytoma development is not sufficient
enough to improve prognosis for GBM patients. A more
global, systematic understanding of expression patterns of
various genes and their downstream gene products in astro-
cytoma will hopefully provide new diagnostic and therapeu-
tic targets. Towards this, anumber of studies have reported the
gene expression profile of astrocytoma (Liau L M, Lallone R
L, SeitzR 8, Buznikov A, Gregg J P, Kornblum H [, Nelson S
F and Bronstein J M. (2000). Cancer Res., 60, 1353-1360;
Sallinen S L, Sallinen P K, Haapasalo M K, Helin H J, Helen
P T, Schraml P, Kallioniemi O P and Kononen I. (2000).
Cancer Res., 60, 6617-6622; Rickman D S, Bobek M P,
Misek D E, Kuick R, Blaivas M, Kurnit D M, Taylor I and
Hanash S M. (2001). Cancer Res., 61,6885-6891; L jubimova
TY, Lakhter A J, Loksh A, Yong W H, Riedinger M S, Miner
J H, Sorokin L. M, Ljubimova A V and Black K L. (2001).
Cancer Res., 61, 5601-5610; Watson M A, Perry A, Budhjara
V, Hicks C, Shannon W D and Rich K M. (2001). Cancer
Res., 61, 1825-1829; Tanwar M K, Gilbert M R and Holland
E C. (2002). Cancer Res., 62, 4364-4368; Fathallah-Shaykh
H M, Rigen M, Zhao L ], Bansal K, He B, Engelhard H H,
Cerullo L, Von Roenn K, Byrne R, Munoz L, Rosseau G L,
Glick R, Lichtor T and DiSavino E. (2002). Oncogene, 21,
7164-7174; Nutt C L, Math D R, Betensky R A, Tamayo P,
Cairncross ] G, Ladd C, Pohl U, Hartmann C, McLaughlin M
E, Batchelor T T, Black P M, von Deimling A, Pomeroy S L,
Golub T R and Louis D N. (2003). Cancer Res., 63, 1602-
1607; Wang. H, Wang H, Shen W, Huang H, HuL, Ramdas L,
ZhouY, Liao W S L, Fuller G N and Zhang. W. (2003). Cancer
Res., 63,4315-4321; Godard S, Getz G, Delorenzi M, Farmer
P, Kobayashi H, Desbaillets I, Michimasa N, Diserens A C,
Hamou M F, Dietrich P Y, Regli L, Janzer R C, Bucher P,
Stupp R, de Tribolet N, Domany E and Hegi M E. (2003).
Cancer Res., 63, 6613-6625).

[0006] Itisalso desirable to be able to target specific thera-
peutic modalities to pathogenically distinct tumor types to
maximize efficacy and minimize toxicity to the patient.
(Golub TR, Slonim D K, Tamayo P, Huard C, Gaasenbeek M,
Mesirov J P, Coller H, Loh M L, Downing J R, Caligiuri M A,
Bloomfield C D, Lander E S. (1999) Science 286, 531-37,
Kleihues Kudoh K, Ramanna M, Ravatn R, Flkahloun A G,
Bittner M L, Meltzer P S, Trent ] M, Dalton W S, Chin K V.
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(2000) Cancer Res. 60(15), 4161-66). Previously, cancer
classification has been based primarily on the morphological
appearance of tumor cells. But this has serious limitations,
because tumors with similar histopathological appearance
can follow significantly different clinical courses and show
different responses to therapy. For example, based on histo-
pathological appearance, astrocytoma grade IV cannot con-
sistently be distinguished from astrocytoma grade I11.
[0007] Immunophenotyping for brain tumors has defined
and refined diagnosis, e.g., distinguishing oligoastrocytoma
from astrocytomas, and high-grade from low-grade astrocy-
tomas. However, differential protein expression (GFAP,
vimentin, synaptophysin, nestin) has not helped to improve
therapeutic approaches. Prediction of transitions from low- to
high-grade astrocytomas is difficult to make with currently
available markers (De Girolami U, Cotran R C, Kumar V,
Robbins S L. (1994) Pathologic basis of disease, Sthed., W.
B. Saunders Co., 1295-1357).

[0008] Zhang, J., Madden, T. L., (1997) Gerome Res. 7(6),
649-56 (US Patent 20040053277) have identified a number of
gene sets whose expression can accurately classify a glioma
as glioblastoma (GBM), anaplastic astrocytoma (AA), ana-
plastic oligodendroglioma (AQO) or oligodendroglioma (OL).
Microarray gene expression profiling of glioma allows simul-
taneous analysis of thousands of genes and is likely to identify
molecular markers associated with tumor grade, progression
and survival. Through ¢cDNA microarray experiments, we
have identified genes which are differentially expressed
between glioblastomas and lower-grade astrocytomas (grade
11 and grade III). Therefore, it is a desideratum to be able to
diagnose the presence of astrocytoma and particularly its
most malignant type i.e., glioblastoma and thus to be able to
administer appropriate treatment. These and other benefits
are provided by the present invention.

OBJECTS OF THE INVENTION

[0009] The main object of the present invention is to pro-
vide a method for diagnosing higher- and lower-grade astro-
cytoma using secreted and plasma membrane associated
biomarkers

[0010] Another object of the present invention is to provide
a method for diagnosing glioblastoma or lower-grade astro-
cytoma (DA or AA).

[0011] Yet another object of the present invention is to
provide biomarkers for diagnosing glioblastoma or lower-
grade astrocytoma (DA or AA).

[0012] Another object of the present invention is to provide
a diagnostic kit for detecting glioblastoma or lower-grade
astrocytoma.

SUMMARY OF THE INVENTION

[0013] The present invention provides a system for identi-
fying protein markers or a pattern of protein markers that
indicate higher- and lower-Grade astrocytoma The present
invention relates to a method of diagnosing glioblastoma or
lower-grade astrocytoma based on the expression level of a
single gene or combination of genes in a test sample of brain
tissue cells or any body fluid obtained from the suspected
subject and in a control sample of known normal subject,
wherein higher level of expression of the gene in the test
sample as compared to the normal sample, indicates glioblas-
toma or lower-grade astrocytoma in the subject from which
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the test sample has been obtained. It also relates to a diagnos-
tic kit to detect and distinguish glioblastoma from lower-
grade astrocytoma.

[0014] Accordingly the present invention provides a
method of diagnosing higher and lower grade astrocytoma
selected from a group consisting of glioblastoma or lower-
grade astrocytoma in biological sample using secreted and
plasma membrane associated isolated biomarkers, wherein
the markers are genes selected from the group comprising
AP2A2, APOC3, BDNF, CALU, CXCL14, CXCL9, F11,
GNRHI1, LAD1, LAMP2, PRL, PSG9, SERPINC1, GPX3,
and SPARCL1.

[0015] In an embodiment of the present invention, the
method of diagnosing the presence of higher grade astrocy-
toma also known as glioblastoma comprises determining the
level of expression of a single or a combination of genes
selected from the group comprising of AP2A2, APOC3,
BDNF, CALU, CXCL14, CXCL9, F11, GNRH1, LADI1,
LAMP2, PRL, PSG9 and SERPINCI in a test sample
obtained from said human subject and in a control sample of
known normal human subject, wherein a higher level of
expressionofany of said genes in the test sample as compared
to the control sample indicates the presence of glioblastoma
in the human subject from which the test sample is obtained.

[0016] In another embodiment of the present invention, a
method of diagnosing the presence of lower-grade astrocy-
toma comprises determining the level of expression of a
single or both of the genes, GPX3 and SPARCL1 in a test
sample obtained from said human subject and in a control
sample obtained from known normal human subject, wherein
ahigherlevel of expression of GPX3 and SPARCLI in the test
sample, as compared to the control sample, indicates the
presence of lower-grade astrocytoma in the human subject
from which the test sample is obtained.

[0017] Inyetanother embodiment of the present invention,
determining the level of expression of the said genes com-
prises determining the levels of the RNA transcripts of the
said genes by employing an oligonucleotide in nucleic acid
based detection methods.

[0018] Inyet another embodiment of the present invention,
the biological sample used is a brain tumor biopsy sample.

[0019] Inyet another embodiment of the present invention,
the biological sample comprises blood, plasma, serum, urine,
cerebrospinal fluid, lymphatic fluid, pelvic; lavage, lung aspi-
rate, nipple aspirate, breast duct lavage or any other body
fluid.

[0020] In accordance with another aspect of the present
invention, is provided a kit for diagnosing higher grade astro-
cytoma in a human subject, wherein the kit comprises:

a) Reagent capable of specifically detecting the level of
expression of single or combination genes selected from the
group comprising of AP2A2, APOC3, BDNF, CALU,
CXCL14, CXCL9, F11, GNRH1, LADI, LAMP2, PRL,
PSGY and SERPINCI.

b) Instructions for using said kit for characterizing higher
grade astrocytoma in said human subject.

[0021] Instillanother embodiment of the present invention,
the reagent in the kit stated above comprises a nucleic acid
probe complementary to mRNAs of the said genes.

[0022] Instillanother embodiment of the present invention,
the reagent in the kit comprises an antibody that specifically
binds to proteins encoded by the said genes.
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[0023] 1In accordance with another aspect of the present
invention, is provided a kit for diagnosing lower-grade astro-
cytoma (DA or AA) in a human subject, wherein the kit
comprises:

a) Reagent capable of specifically detecting the level of
expression of single or both the genes. GPX3 and SPARCL1.
b) Instructions for using said kit for characterizing lower-
grade astrocytoma in said human subject.

[0024] Instillanother embodiment of the present invention,
the reagent in the kit stated above comprises a nucleic acid
probe complementary to mRNAs of the said genes.

[0025] Instillanother embodiment of the present invention,
the reagent in the kit stated above comprises an antibody that
specifically binds to proteins encoded by the said genes.
[0026] Instillanother embodiment of the present invention,
the kit is used for screening, detection, diagnosis, prognosis
and as potential targets for higher grade astrocytoma and
lower-grade astrocytoma (DA or AA).

[0027] Instillanother embodiment of the present invention,
the kit is used for prognosis of higher grade astrocytoma and
lower-grade astrocytoma (DA or AA).

[0028] Instillanother embodiment of the present invention,
the subject used is a mammal.

[0029] In accordance with another aspect of the present
invention is provided isolated bio marker useful for diag-
nosing higher and lower-grade astrocytoma in a subject
wherein, the markers are genes selected from the group
comprising AP2A2, APOC3, BDNF, CALU, CXCL14,
CXCL9, F11, GNRHI1, LAD1, LAMP2, PRL, PSGY,
SERPINCI1, GPX3, SPARCLLI.

[0030] In yet another embodiment of the present inven-
tion is provided the use of biomarkers for screening,
detection, prognosis and as potential targets for higher
and lower-grade astrocytoma (DA or AA).

BRIEF DESCRIPTION OF THE DRAWINGS AND
TABLES

[0031] FIG. 1. Heat map of SAM identified differentially
regulated genes between glioblastoma and lower-grade astro-
cytoma.

[0032] Normalized, log 2-transformed expression ratios of
SAM identified differentially regulated genes were visual-
ized using a dual color code with red and green indicating up-
and down-regulation respectively, in the particular glioma
sample compared to normal brain tissue. Grey square repre-
sents the missing data. Data was subjected to hierarchical
clustering using TMEV software to obtain better visualiza-
tion. Thirteen genes are upregulated in GBMs as against
lower-grade astrocytomas and two genes vice versa.

DETAILED DESCRIPTION OF THE INVENTION

[0033] The present invention relates to a method of diag-
nosing the presence of glioblastoma or lower-grade astrocy-
toma in a biological sample. Diffuse infiltrating astrocytomas
include the following entities: 1. Diffuse astrocytoma (DA
WHO Gr. 1), 2. Anaplastic astrocytoma (AA; WHO Gr. I11)
and 3. Glioblastoma (GBM; WHO Gr. IV).

[0034] The inventive method involves collecting or other-
wise obtaining a test sample from suspected subject including
of a bodily substance derived from the human subject, in
which the sample contains human nucleic acid or protein
originating from the subject, and quantitatively determining
therein the level of expression of single or combination of
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genes selected from the group comprising of AP2A2,
APOC3, BDNF, CALU, CXCL14, CXCL9, F11, GNRHI,
LADI,LAMP2, PRL, PSG9, SERPINC1, GPX3, SPARCL1.
A characteristic higher expression of the any or a combination
of the genes, AP2A2, APOC3, BDNF, CALU, CXCL14,
CXCL9, F11, GNRHI1, LAD1, LAMP2, PRL, PSG9 and
SERPINCI, as compared to control sample from known
healthy subject is diagnostic for the presence of glioblastoma,
while the higher levels of GPX3 and/or SPARCL1 indicates
the presence of lower-grade astrocytoma (see Table 1).
[0035] This includes detection by means of measuring of
proteins or specific nucleic acids, such as RNA or cDNA. The
sample is preferably collected directly from the human sub-
ject’s body. Preferred and convenient substances for sampling
include blood, lymph or plasma, serum, cerebrospinal fluid,
other biopsy sample of cellular material from brain tissue.
Cellular material includes any sample containing human
cells, including samples of tissue, expressed tissue fluids
(e.g., lymph or plasma) or tissue wash and the like. Tissue
samples that can be collected include, but are not limited to,
cell-containing material from the brain. This includes normal
brain tissue, tumor tissue, tumor-adjacent tissue, and/or blood
plasma from a site within the brain.

[0036] Inaccordance with the inventive methods, the tissue
sample preferably contains cells that express a plurality of
protein species and mRNA species, which proteins and/or
mRNA species are detectably distinct from one another.
“obtaining” and “collecting” the sample are used inter-
changeably herein and encompass sampling, resecting,
removing from in situ, aspirating, receiving, gathering, and/or
transporting the tissue sample or a concentrate, sediment,
precipitate, supernatant, filtrate, aspirate, or other fraction of
any of these. For example, conventional biopsy methods are
useful for obtaining the tissue sample. These include percu-
taneous biopsy, laparoscopic biopsy, surgical resection, tissue
scrapes and swabs, sampling via stents, catheters, endo-
scopes, needles, surgical resection, and other known means.
For example, to obtain a sample from inside the skull of the
human subject; typically, Magnetic Resonance Imaging
(MRI)-guided stereotactic techniques are employed, but
other methods can be used.

[0037] The blood sample can be collected from subjects
and is allowed to clot at room temperature for no more than 72
hrs, and then centrifuged at 4° C. for 5 min at 1000 rpm. The
serum (upper phase) is separated and stored at =20° C. until
use. The sample is alternatively derived from cultured human
cells, cell-free extracts, or other specimens indirectly derived
from a subject’s body, as well as from substances taken
directly from a subject’s body. Samples may be stored before
detection methods are applied (for example nucleic acid
amplification and/or analysis, or immunochemical detection)
by well known storage means that will preserve nucleic acids
or proteins in a detectable and/or analyzable condition, such
as quick freezing, or a controlled freezing regime, in the
presence ofa cryoprotectant, for example, dimethyl sulfoxide
(DMSO), trehalose, glycerol, or propanediol-sucrose.
Samples may also be pooled before or after storage for pur-
poses of amplifying the nucleic acids specific for the said
genes for analysis and detection, or for purposes of detecting
the respective proteins.

[0038] The sample is used immediately or optionally pre-
treated by refrigerated or frozen storage overnight, by dilu-
tion, by phenol-chloroform extraction, or by other like means,
to remove factors that may inhibit various amplification reac-
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tions. The level of expression in the sample for the said
proteins or their messenger ribonucleic acid (mRNA) is then
detected quantitatively or semi-quantitatively.

[0039] Polynucleotides specific for the said genes, includ-
ing mRNA species, are determined by base sequence simi-
larity or homology to known nucleotide sequences. Base
sequence homology is determined by conducting a base
sequence similarity search of a genomics data base, such as
the GenBank database of the National Center for Biotechnol-
ogy Information (NCBI; www.ncbi.nlm.nih.gov/BLAST/),
using a computerized algorithm, such as PowerBLAST,
QBLAST, PSI-BLAST, PHI-BLAST, gapped or ungapped
BLAST, or the “Align” program through the Baylor College
of Medicine server (www.hgsc.bem.tme.edu/seq data).
(Altschul S F, Madden T L, Schaffer A A, Zhang 3, Zhang 7,
Miller W, Lipman D . Nucleic Acids Res. (1997) 25(17),
3389-402; Zhang, J., Madden, T. L., (1997) Genome Res.
7(6), 649-56; Madden T L, Tatusov R L, Zhang I. (1996)
Methods Enzymol. 266, 131-41).

[0040] Preferably, polynucleotide sequences specific to the
said genes, including an mRNA sequence, is at least 5 to 30
contiguous nucleotides long, more preferably at least 6 to 15
contiguous nucleotides long, and most preferably at least 7 to
10 contiguous nucleotides long. mRNA specific to any of the
said genes can be, but is not necessarily, an mRNA species
containing a nucleotide sequence that encodes a functional
version of the said genes or fragments thereof. Also included
among mRNAs specific to the said genes are splice variants.
[0041] Quantitative detection of levels of mRNAs specific
to the said genes or their proteins, or of other proteins or
mRNA, species of interest in accordance with the present
invention is done by any known method that provides a quan-
titative determination of expression. A quantitative method
can be absolute or relative. An absolute quantitation provides
an absolute value for the amount or level of expression in
comparison to a standard, which amount or level is typically
a mole, mass, or activity value normalized in terms of a
specified mass of protein, mass of nucleic acid, number or
mass of cells, body weight, or the like. Additionally, the
quantitative or absolute value is optionally normalized in
terms of a specified time period, i.e., expression level as a rate.
A relative detection method provides a unitless relative value
for the amount or level of expression, for example, in terms of
a ratio of expression in a given sample relative to a control,
such as normal tissue or the expression of a selected “house-
keeping” gene. The skilled artisan is aware of other examples
of quantitative and semi-quantitative detection methods.
[0042] In accordance with the inventive methods, the
expression level of the proteins encoded by the said genes is
optionally detected by immunochemical means, such as, but
not limited to, enzyme-linked immunosorbent assay
(ELISA), immunofluorescent assay (IFA), immunoelectro-
phoresis, immunochromatographic assay or immunohis-
tochemical staining, employing polyclonal or monoclonal
antibodies or antibody fragments against the said gene prod-
ucts. Antibodies or antibody fragments that target the said
proteins are available commercially or can be produced by
conventional means.

[0043] Similarly, the expression levels of other proteins of
interest, in accordance with the inventive methods, can be
detected by conventional immunochemical means as
described above. Most preferably, quantitative or semi-quan-
titative detection of the expression level of mRNA species is
accomplished by any of numerous methods of nucleic acid
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amplification (e.g., amplification of specific nucleic acid seg-
ments) in the form of RNA or cDNA, which RNA or cDNA
amplification product is ultimately measured after amplifica-
tion. The final amplification product of RNA or ¢cDNA is
measured by any conventional means, such as, but not limited
to, densitometry, fluorescence detection, or any other suitable
biochemical or physical assay system. Before amplification,
it is, preferable to extract or separate mRNA from genomic
DNA in the sample and to amplify nucleic acids remaining in
that fraction of the sample separated from the DNA, to avoid
false positives that are caused by amplification of contami-
nating genomic DNA in the original specimen.

[0044] Histopathological means of classifying malignant
tumors into grades are known for various kinds of malignant
tumor, including astrocytomas. (Daumas-Duport C, Scheith-
aver B, O’Fallon J, Kelly P. (1988) Cancer 62,2152-2165).

[0045] The present inventive method can be used to diag-
nose the presence of glioblastoma or lower-grade astrocy-
toma.

[0046] The foregoing descriptions of the methods of the
present invention are only illustrative and by no means
exhaustive. When these features of the present invention are
employed, diagnostic and treatment decisions can be more
appropriately optimized for the individual astrocytoma
patient, and the prospects for his or her survival can be
enhanced.

Identification of Differentially Regulated Genes Between
Glioblastoma, and Lower-Grade Astrocytoma (DA and AA)

[0047] We obtained the expression profile of 18981 human
genes using 19k cDNA microarrays (University Health Net-
work, Canada) for twenty two samples of diffusely infiltrat-
ing astrocytoma comprising four diffuse astrocytoma (DA,
Gr II), four AA (Gr. IIT) and fourteen GBM (Gr IV, six
secondary and ten primary). Among the genes spotted on the
microarray, 226 genes code for protein whose localization is
either secreted or plasma membrane-associated. The expres-
sion data of these 226 genes was subjected to Significance
Analysis of Microarrays using the two-class option to find out
differentially regulated genes between lower-grade astrocy-
toma (DA/AA) and glioblastoma. While some of the found
genes were already reported, some of them were novel. Ofthe
found novel differentially regulated genes, two genes up
regulated in LGA (DA/AA) as against GBM and thirteen
genes are upregulated in GBM as against LGA (see F1G. 1).

EXAMPLES

[0048] The following examples are given by way of illus-
tration of the present invention and therefore should not be
construed to limit the scope of the present invention.

Example 1
Tissue Collection

[0049] Astrocytoma tissue samples were collected from
patients, who underwent surgery at Sri Satya Sai Institute of
Higher Medical Sciences and Manipal Hospital, Bangalore,
India at the time of surgical resection. Controls comprised
non-tumorous brain tissue samples (temporal lobe) collected
from patients who underwent surgery for intractable epilepsy.
A total of thirty-seven astrocytoma samples of different
grades were used in this study. Tissues were bisected and one
half was snap-frozen in liquid nitrogen and stored at -80° C.
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until RNA isolation. The other half was fixed in formalin and
processed for paraffin sections and these were used to identify
the histopathological grade and the type of astrocytoma.

TABLE 1

Diagnostic markers for glioblastoma and lower-grade astrocytoma

Fold
LGA- GBM- difference
Protein  Mean  Mean  between
S1 locali-  fold fold GBM &
No  Symbol Gene Name  sation change* change®  LGA
Glioblastoma specific genes
1 AP2A2 adaptor-  Plasma  -1.66 1.18 1.96
NM_012305 related mem-
protein brane
complex
2, alpha 2
subunit
2 APOC3 apolipo-  secreted -1.46 1.08 1.58
NM_000040 protein
C-III
3 BDNF brain- secreted  -1.53 -1.06 1.44
NM_170731 derived
neurotrophic
factor
4 CALU calumenin secreted  1.08 1.73 1.60
ALS76538
5 CXCL14 chemokine secreted  1.03 1.59 1.55
NM_004887 (C—X—C
mofit)
ligand 14
6 CXCL9 chemokine secreted  1.35 2.06 1.52
NM_002416 (C—X—C
motif)
ligand 9
7 Fl11 coagulation secreted -1.87 1.27 2.36
NM_000128  factor XI
8  GNRH1 gonado-  secreted  1.09 1.83 1.68
NM_000825 tropin-
releasing
hormone 1
9 LADI ladini 1 secreted  -1.30 1.05 1.37
NM_005558
10 LAMP2 lysosomal-  Plasma  1.37 1.77 1.30
NM_002294  associated — mem-
membrane  brane
protein 2
11 PRL prolactin  secreted -1.44 1.23 1.77
NM_000948
12 PSGY pregnancy secreted -2.14 1.15 2.46
NM_002784  specific
beta-1-
glyco-
protein 9
13 SERPINC1  serine (or secreted -1.13 1.41 1.58
NM_000488  cysteine)
proteinase
inhibitor,
clade C
(anti-
thrombin),
member 1

Lower-grade astrocytoma (DA and AA) specific genes

14 GPX3 glutathione secreted  2.83 1.04 2.73
NM_002084 peroxidase 3
(plasma)
15 SPARCL1 SPARC-  secreted 333  -1.24 4.15
NM_001128 like 1
310 (mast9,
hevin)

*fold change is calculated to w.r.t. normal brain
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Example 2
RNA Isolation

[0050] Total RNA was extracted from the frozen tissue by a
combination of the TRIzol method (Invitrogen, USA) and
RNeasy Midi kit (Qiagen) according to the manufacturer’s
instructions. The RNA samples were quantified by measuring
the absorbance using a spectrophotometer and visualized on
a MOPS-Formaldehyde gel for quantity and quality assur-
ance.

ADVANTAGES

[0051] It provides a useful method for diagnosing the
presence of glioblastoma and low grade astrocytoma.
[0052] The method is useful both before and after clini-

cal symptoms have appeared.
[0053] The method can also be applied to monitor the
effectiveness of anti-cancer treatments.

REFERENCE

[0054] Altschul S F, Madden T L, Schaffer A A, Zhang I,
Zhang Z, Miller W, Lipman D J. Nucleic Acids Res. (1997)
25(17), 3389-402.

[0055] Brock C S and Bower M. (1997). Medical Oncol-
ogy, 14, 103-120.

[0056] Daumas-DuportC, Scheithauer B, O’Fallon J, Kelly
P. (1988) Cancer 62, 2152-2165.

[0057] Davis F, Freels S, Grutsch J, Barlas S and Brem S.
(1998). J. Neurosurg., 88, 1-10.

[0058] De Girolami U, Cotran R C, Kumar V, Robbins’S L
(1994) Pathologic basis of disease, Sth ed., W. B. Saunders
Co., 1295-1357.

[0059] Fathallah-Shaykh H M, Rigen M, Zhao L J, Bansal
K, He B, Engelhard H H, Cerullo L, Von Roenn K, Byrne
R, Munoz L, Rosseau G L, Glick R, Lichtor T and DiS-
avino E. (2002). Oncogene, 21, 7164-7174.

[0060] Fleming T P, Saxena A, Clark W C, Robertson ] T,
Oldfield E H, Aaronson S A and Ali I U. (1992). Cancer
Res., 52, 4550-4553.

[0061] Godard S, Getz G, Delorenzi M, Farmer P, Koba-
yashi H, Desbaillets I, Michimasa N, Diserens A C, Hamou
MF, Dietrich PY, Regli L, Janzer R C, Bucher P, Stupp R,
de Tribolet N, Domany E and Hegi M E. (2003). Cancer
Res., 63, 6613-6625.

[0062] Golub T R, Slonim D K., Tamayo P, Huard C,
Gaasenbeck M, Mesirov J P, Coller H, Loh M L, Downing
J R, Caligiuri M A, Bloomfield C D, Lander E S. (1999)
Science 286, 531-37.

[0063] Hermanson M, Dina K, Koopman J, Maintz D,
Waha A, Westermark, B., Heldin, CH, Wiestler, O D, Louis
D N, von Deimling A and Nistér M. (1996). Cancer Res.,
56, 164-171.

[0064] Hermanson M K, Funa M, Hartman L, Claesson-
Welsh C H, Heldin B, Westermark and Nister M. (1992).
Cancer Res., 52,3213-3219.

[0065] Hill J R, Kuriyama N, Kuriyama H and Israel M A.
(1999). Arch. Neurol., 56, 439-441.

[0066] James C D, He J, Caribom E, Nordenskjold M,
Cavenee W K and Collins V P. (1991). Cancer Res., 51,
1684-1688.

[0067] Kleihues Kudoh K, Ramanna M, Ravatn R,
Elkahloun A G, Bittner M L, Meltzer P S, Trent ] M; Dalton
W S, Chin K V. (2000) Cancer Res. 60(15), 4161-66.



US 2011/0027797 Al

[0068] Landis S H, Murray T, Bolden S and Wingo P A.
(1999). Cancer J. Clin., 49, 8-31.

[0069] Liau L M, Lallone R L, Seitz R S, Buznikov A,
Gregg J P, Kornblum H I, Nelson S F and Bronstein J M.
(2000). Cancer Res., 60, 1353-1360.

[0070] Ljubimova J'Y, Lakhter A J, Loksh A, Yong W H,
Riedinger M S, Miner J H, Sorokin [ M, Ljubimova A V
and Black K L. (2001). Cancer Res., 61, 5601-5610.

[0071] Louis D N and GusellaJ F. (1993). Trends in Genet-
ics, 11, 412-415.

[0072] MaddenT L, Tatusov R L, Zhang I. (1996) Methods
Enzymol. 266, 131-41.

[0073] Maher EA, Furnari F B, Bachoo R M, Rowitch D H,
Louis DN, Cavenee W K and DePinho R A. (2001). Genes
Dev, 15, 1311-1333.

[0074] Maxwell M, Naber S P, Wolfe H J, Galanopoulos T,
Hedley-Whyte E T, Black P and Antoniades N. (1990). J.
Clin. Invest., 85, 131-40.

[0075] Mischel P S and Vinters H V. (2001). (Ed. Liau,
L.M.e.a.) Humana Press; Totowa, N.J., pp. 3-45.

[0076] Nagane M, SuHuang HJ and Cavenee W K. (1997).
Curr. Opin. Oncol., 9,215-222.

[0077] Nutt C L, Mani D R, Betensky R A, Tamayo P,
Cairncross J G, Ladd C, Pohl U, Hartmann C, McLaughlin
ME, Batchelor T T, Black P M, von Deimling A, Pomeroy
S L, Golub T R and Louis D N. (2003). Cancer Res., 63,
1602-1607.

[0078] Olopade O 1, Jenkins R B, Ransom D T, Malik K,
Pomykala H, Nobori T, Cowan J M, Rowley I D and Diaz
M O. (1992). Cancer Res., 52, 2523-2529.

[0079] Phatak P, Kalai Selvi S, Divya T, Hegde A S, Hegde
S and Somasundaram K. (2002). J. Bioscience, 27, 673-
686.

[0080] Rickman D S, Bobek M P, Misek D E, Kuick R,
Blaivas M, Kurnit D M, Taylor J and Hanash S M. (2001).
Cancer Res., 61, 6885-6891.

[0081] Sallinen S [, Sallinen P K, Haapasalo H K, Helin H
1, Helen P T, Schraml P, Kallioniemi O P and Kononen J.
(2000). Cancer Res., 60, 6617-6622.

[0082] Tanwar M K, Gilbert M R and Holland E C. (2002).
Cancer Res., 62, 436-44368.

[0083] WangH, Wang H, Shen W, Huang H, Hu L, Ramdas
L, ZhouY, Liao W S I, Fuller G N and Zhang W. (2003).
Cancer Res., 63, 4315-4321.

[0084] Watson M A, Perry A, Budhjara V, Hicks C, Shan-
non W D and Rich K M. (2001). Cancer Res., 61, 1825-
1829.

[0085] Westermark B, Heldin C H, and Nistér M. (1995).
Glia, 15, 257-263.

[0086] Zhang, J., Madden, T. L., (1997) Genome Res. 7(6),
649-56.

We claim:

1. A method of diagnosing higher and lower grade astro-
cytoma selected from a group comprising of higher and
lower-grade astrocytoma in biological sample using isolated
biomarkers, wherein the markers are genes selected from the
group comprising AP2A2, APOC3, BDNF, CALU,
CXCL14, CXCL9, F11, GNRHI1, LADI, LAMP2, PRL,
PSGY, SERPINCI, GPX3, SPARCLI.

2. The method of diagnosing the presence of higher grade
astrocytoma as claimed in claim in human subjects, wherein
said method comprises determining the level of expression of
a single or a combination of genes selected from the group
comprising of AP2A2, APOC3, BDNF, CALU, CXCL14,
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CXCL9, F11, GNRHI1, LADI, LAMP2, PRL, PSG9 and
SERPINC1 in a test sample obtained from said human subject
and in a control sample of known normal human subject,
whereinahigher level of expression of any of said genes in the
test sample as compared to the control sample indicates the
presence of higher grade astrocytoma in the human subject
from which the test sample is obtained.

3. A method of diagnosing the presence of lower-grade
astrocytoma as claimed in claim 1 in human subjects, wherein
said method comprises determining the level of expression of
a single or both of the genes, GPX3 and SPARCLI, in a test
sample obtained from said human subject and in a control
sample obtained from known normal human subject, wherein
ahigherlevel of expression of GPX3 and SPARCLI in the test
sample, as compared to the control sample, indicates the
presence of lower-grade astrocytoma in the human subject
from which the test sample is obtained.

4. The method as claimed in any of the claims 1-3, wherein
determining the level of expression of the said genes com-
prises determining the levels of the RNA transcripts of said
genes by employing an oligonucleotide nucleic acid based
detection methods.

5. The method as claimed in any of the claims 1-4, wherein
said biological sample is a brain tumor biopsy sample.

6. The method as claimed in any of the claims 1-4, wherein
said biological sample comprises blood, plasma, serum,
urine, cerebrospinal fluid, lymphatic fluid, pelvic lavage, lung
aspirate, nipple aspirate, breast duct lavage or any other body
fluid.

7. A kit for diagnosing higher grade astrocytoma in a
human subject, wherein the kit, comprises:

a) Reagent capable of specifically detecting the level of
expression of single or combination genes selected from
the group comprising of AP2A2, APOC3, BDNF,
CALU, CXCL14, CXCL9, F11, GNRHI, LADI,
LAMP2, PRL, PSG9 and SERPINCI.

b) Instructions for using said kit for characterizing higher
grade astrocytoma in a said human subject.

8. The kit as claimed in claim 7, wherein said reagent
comprises a nucleic acid probe complementary to mRNAs of
the said genes.

9. The kit as claimed in claim 7, wherein said reagent
comprises an antibody that specifically binds to proteins
encoded by the said genes.

10. The kit as claimed in any of the claims 7-9, wherein said
kit is useful for screening, detection, diagnosis, prognosis and
as potential targets for higher grade astrocytoma.

11. A kit for diagnosing lower-grade astrocytoma (DA or
AA) in a human subject, wherein the kit comprises:

a) Reagent capable of specifically detecting the level of
expression of single or both the genes, GPX3 and
SPARCLI.

b) Instructions for using said kit for characterizing lower-
grade astrocytoma in said human subject.

12. The kit as claimed in claim 11, wherein said reagent
comprises a nucleic acid probe complementary to mRNAs of
the said genes.

13. The kit as claimed in claim 11, wherein said reagent
comprises an antibody that specifically binds to proteins
encoded by the said genes.
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14. The kit as claimed in any of the claims 11-13, wherein
said kit is useful for screening, detection, diagnosis, progno-
sis and as potential targets for lower-grade astrocytoma.

15. Use of the kit as claimed in any of the claims 7-13,
wherein said subject is a mammal.

16. Isolated bio marker useful for diagnosing higher and
lower-grade astrocytoma in a subject wherein, the markers
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are genes selected from the group comprising AP2A2,
APOC3, BDNF, CALU, CXCL14, CXCL9, F11, GNRHI,
LADI,LAMP2, PRL, PSG9, SERPINC1, GPX3, SPARCL1.

17. Use of biomarkers as claimed in claim 16, for screen-
ing, detection, prognosis and as potential targets for higher
and lower-grade astrocytoma (DA or AA).

#® ok ok ok ok
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