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Glioblastoma multiforme (GBM) is the most common form of
malignant glioma, characterized by genetic instability, intratu-
moral histopathological variability, and unpredictable clinical be-
havior. We investigated global gene expression in surgical samples
of brain tumors. Gene expression profiling revealed large differ-
ences between normal brain samples and tumor tissues and be-
tween GBMs and lower-grade oligodendroglial tumors. Extensive
differences in gene expression were found among GBMs, partic-
ularly in genes involved in angiogenesis, immune cell infiltration,
and extracellular matrix remodeling. We found that the gene
expression patterns in paired specimens from the same GBM
invariably were more closely related to each other than to any
other tumor, even when the paired specimens had strikingly
divergent histologies. Survival analyses revealed a set of ~70
genes more highly expressed in rapidly progressing tumors that
stratified GBMs into two groups that differed by >4-fold in median
duration of survival. We further investigated one gene from the
group, FABP7, and confirmed its association with survival in two
unrelated cohorts totaling 105 patients. Expression of FABP7 en-
hanced the motility of glioma-derived cells in vitro. Our analyses
thus identify and validate a prognostic marker of both biologic and
clinical significance and provide a series of putative markers for
additional evaluation.
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lial tumors are the most common primary brain malignancies.

Glioblastoma multiforme (GBM) (Grade IV astrocytoma)
accounts for 80% of malignant astrocytomas and is marked by an
extremely poor prognosis: half of all patients die within 1 year of
diagnosis (1). Key histopathological features of GBM, such as
necrosis and endothelial proliferation, distinguish these tumors
from lower-grade astrocytic tumors that have a much better prog-
nosis (2). The mechanisms that underlie the correlation between
high grade and poor prognosis are unknown, because all grades of
astrocytoma are characterized by inappropriate proliferation, in-
vasion of normal brain tissue, and disruption of normal brain
functions. As indicated in the name of the tumor, GBM is charac-
terized by marked cytologic and histologic variation and displays
extensive genetic and biological variability (3).

Genome-scale gene expression profiling using microarrays allows
the molecular characterization of intertumor variability, revealing
molecular signatures that reflect underlying pathogenic mecha-
nisms and molecular features that may be associated with survival
(4,5). Recent studies of gliomas have documented patterns of gene
expression associated with specific clinical grades of oligodendro-
glioma (ODG) (6) and astrocytoma (7-14), patterns associated with
specific genetic alterations (15, 16), and patterns that differentiate
neoplastic tissues and normal brain (17-19). In the case of medul-
loblastoma, a non-glial childhood brain tumor, similar analyses have
led to the identification of putative prognostic markers (20, 21).
However, the gene expression profiles associated with the hetero-
geneous clinical behavior of GBM have not been explored, and a
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reliable molecular marker that predicts survival of patients with this
tumor is still lacking. In this study, we used cDNA microarrays to
analyze gene expression patterns in a series of GBM specimens and
identified markers that are likely to predict patient survival.

Materials and Methods

Tissue Samples. Frozen specimens and paraffin-embedded tissues
were obtained from the Neurosurgery Tissue Bank at the Univer-
sity of California, San Francisco. These patients were on clinical
protocols, and follow-up data were available. Additional samples
were from the M. D. Anderson Cancer Center, University of Texas
(Houston). Postmortem specimens from normal brains were from
Stanford University Hospital. Each frozen tumor tissue was sec-
tioned and histopathologically evaluated by a single neuropathol-
ogist (A.W.B.), and specimens containing less than ~25% tumor
cells were not included for study. All samples were obtained with
informed consent after approval of the Human Research Commit-
tee at University of California, San Francisco, and M. D. Anderson
Cancer Center.

Sample Preparation and Analysis. The microarray methods followed
closely those of previous studies (4, 5). Briefly, total RNA was
extracted by using TRIzol followed by mRNA purification using
FastTrack (Invitrogen). mRNA was reverse-transcribed and la-
beled with Cy dyes (Amersham Pharmacia Biosciences) before
hybridization. Detailed methods can be found at http://microarray-
pubs.stanford.edu/gbm.

Bioinformatic Analyses. Agglomerative hierarchical clustering was
performed by using the CLUSTER program (22). Stand-alone Perl
scripts were written to facilitate the analyses. We used a two-step
algorithm to identify survival-associated genes. First, Cox regres-
sion coefficients were calculated for all clustered genes, and a
moving average of these values was calculated for consecutive genes
in the hierarchically clustered list. Only one sample was used from
each tumor for this calculation. By using 1,000 random permuta-
tions of the array labels, we identified the moving average Cox
coefficients above and below which clusters were associated with
survival at P < 0.01. To further limit genes on which to focus
follow-up studies, we used an algorithm to identify “tumor-
intrinsic” genes expressed most consistently in samples from dif-
ferent areas of the same tumor but that varied in samples from
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Fig.1. Geneexpressioninnormal and malignant brain samples. (A) Unsupervised hierarchical clustering of 38 samples including GBMs, OACs, ODGs, and normal
brain specimens. Array elements that varied at least 2-fold from the median on at least five microarrays were included (2,490 cDNA elements representing ~2,000
genes). Samples from different regions of the same tumor are indicated by brackets. (B) Unsupervised hierarchical clustering of 32 samples including GBMs and
normal brain. Array elements that varied at least 2-fold from the median on at least five microarrays were included (2,188 cDNA elements representing ~1,800
genes). The data are displayed as a hierarchical cluster where rows represent genes (unique cDNA elements), and columns represent samples. Colored pixels
capture the magnitude of the response for any gene, where shades of red and green represent induction and repression, respectively, relative to the median
for each gene. Black pixels reflect no change from the median, and gray pixels represent missing data. Groups of genes with common functional or biological
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different tumors (5). Kaplan-Meier survival analysis was done by
using WINSTAT.

Immunohistochemistry. Antigen retrieval and immunostaining of
FABP7 in paraffin samples were performed as described (23).
Rabbit polyclonal antibodies against FABP7 were generous gifts of
R. Godbout (University of Alberta, Alberta, ON, Canada) and N.
Heintz (Rockefeller University, New York) (24, 25). Scoring was
semiquantitative based on extent and intensity of nuclear staining
by a single neuropathologist (K.D.A.).

Migration Assay. SE767MG cells were transfected with pcDNA3 or
pcDNA3-FABP7 by using FuGENE (Roche Molecular Biochemi-
cals). For migration assays, 1 X 10* cells were seeded into the upper
chamber of TransWell FluoroBlok (Corning BD Biosciences), and
10% FBS in DMEM was used as chemoattractant. Migrated cells
were counted by using standard methods (see Supporting Text,
which is published as supporting information on the PNAS
web site).

Results

Overview of Glioma Gene Expression Signatures. We used DNA
microarrays consisting of ~23,000 elements (representing ~18,000
unique UniGene clusters) to survey gene expression in 31 patients
with primary brain malignancies. The tumor specimens included 25
glioblastomas (four in which two distinct regions were analyzed)
and six oligodendroglial tumors [including oligoastrocytomas
(OACs) and ODGs]. For comparison, we also analyzed three
postmortem samples from normal brains.

To explore relationships among the clinical specimens and the
genes they expressed, we performed agglomerative hierarchical
cluster analyses of both genes and samples using genes showing
significant variation across these specimens. As can be seen in Fig.
1A, the normal brain and oligodendroglial neoplasms were more
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closely related to each other than to any GBM specimen. The gene
expression patterns of GBMs showed high variability and separated
the tumors into two groups, one of which was more closely related
to OACs/ODGs and normal brain than to the other GBMs. The
gene expression signatures of the OACs/ODGs included relatively
elevated expression of the canonical oligodendrocyte markers
OLIG1 and OLIG2. The GBMs that clustered with the oligoden-
droglial tumors also tended to express higher levels of OLIGI and
OLIG2 (see Fig. 6, which is published as supporting information on
the PNAS web site), consistent with a previous report of their
variable expression in GBM (26).

We next sought to analyze how the extensive histological varia-
tion within a single GBM might be related to its patterns of gene
expression. We therefore collected paired tumor specimens from
four GBM patients. In each case, these tissues were obtained by
stereotactically guided biopsies from regions of tumors whose
radiographic appearances suggested they might vary histologically.
Microscopic examination of these samples showed histological
variations characteristic of GBM (e.g., variable necrosis, vascular/
endothelial proliferation, etc.; see Fig. 7, which is published as
supporting information on the PNAS web site). The hallmark
histopathologic features present in the paired specimens from the
same tumor were reflected in their expression patterns. For exam-
ple, a significant difference in mitotic index (data not shown)
between the two specimens from GBM no. 7 was paralleled by
differential expression of genes involved in cellular proliferation.
Similarly, genes regulated by hypoxia were more highly expressed
in one sample of GBM no. 9, which showed extensive necrosis, than
in the other less necrotic sample from the same tumor (see below
and Fig. 7).

Although histological characteristics varied greatly between
these paired samples, we found that the gene expression patterns of
different specimens from the same tumor were always more closely
related to each other than to any other tumor (Fig. 1). Thus,
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although the GBMs showed significant intratumor histological
heterogeneity, differences between tumors were significantly
greater than variations within a tumor, and tumor-specific gene
expression signatures could readily be recognized. The observation
that a tumor’s global pattern of gene expression is highly specific
despite intratumoral histological variability was consistent with data
from other solid tumors (5, 27). These results suggest that histologic
characteristics of GBMs are unlikely to account for or mark the
molecular (28) or pathologic (29) heterogeneity that characterizes
these tumors. This observation also implies that expression patterns
might manifest the intrinsic differences of these tumors better than
histological criteria.

An important caveat for these analyses is that the histological
heterogeneity of GBMs could confound our stereotactic sample
analysis, because even small local specimens might contain mixtures
of histologies not appreciated in the sections that were microscop-
ically examined.

To focus on gene expression variability among different GBMs,
we further analyzed gene expression patterns in only the GBM and
normal brain specimens. Fig. 1B depicts the complex variations in
gene expression patterns found among these samples. As expected,
genes involved in related biological processes or expressed in the
same cell type clustered together, because their expression patterns
were more closely correlated to each other than to functionally
unrelated genes in the data set. Many genes were more highly
expressed in GBMs than in normal brain, and most of these genes
were variably expressed among the GBMs. Functionally, many of
these genes fell into several broad categories, including genes
related to immune cell infiltration, the extracellular matrix (ECM),
hypoxia, and proliferation.

Normal Brain Signature. One of the most striking gene expression
patterns consisted of genes with higher expression in normal brain
compared with the tumors. These genes could be divided into two
broad classes: those characteristically expressed in neurons and
those characteristically expressed in glia. Some tumor samples
displayed relatively high expression of both neural and glial genes,
perhaps reflecting the invasion of normal brain by the tumors.

Immune Cell Signature. The largest cluster of differentially expressed
genes was enriched for genes typically expressed in macrophages,
microglia, and lymphocytes (e.g., MHC class II genes, CD4, CD53,
and CD68) and genes associated with macrophage activation (e.g.,
CD44) (30) (Fig. 24). This expression signature was consistent with
the known infiltration of macrophages/microglia in GBMs; up to
one-third of cells in some GBM specimens are microglia (31, 32).
Furthermore, the covariation between the immune cell and hypoxia
signatures (node mean correlation, R = 0.71) echoes the correlation
between macrophage infiltration and vessel count in glioma (33)
and may reflect the role macrophages and other immune cells can
play during angiogenesis (34).

Hypoxia Signature. Microvascular proliferation and necrosis are two
key histologic features of GBM. Hypoxia, an invariant characteristic
of necrotic tumor regions, induces the expression of VEGF (35). A
cluster of genes that included VEGF, ADM, PLAUR, and SER-
PINE]1, which have previously been implicated in hypoxia and
angiogenesis, was more highly expressed in most GBMs than in
normal brain (Fig. 2B).

ECM Signature. A prominent cluster composed primarily of genes
encoding ECM-related proteins was expressed at variably elevated
levels in GBMs (Fig. 2C). This signature included multiple colla-
gens and fibronectin 1, which are not highly expressed in the normal
mammalian nervous system but are found in the CNS vasculature
(36). Many of the proteins encoded by genes in this cluster are
localized to the basement membrane of CNS blood vessels. Immu-
nohistochemical analysis of GBM tissues confirmed the presence of
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Fig. 2. Expanded view of biologically distinct expression signatures among
GBMs. Data were extracted from Fig. 1B and are displayed. Individual clusters
depict genes associated with immune cells (A), hypoxia (B), ECM (C), and
cellular proliferation (D). Many of the array elements encode uncharacterized
genes, and only a subset of named genes is shown.

type 1 collagen and fibronectin 1 in the thickened ECM of tumor
vessels, including the ECM of proliferating microvasculature (data
not shown). Notably, three of the genes in this cluster (COL1A2,
COL3A1, and COL6A3) were also among a group of genes iden-
tified by serial analysis of gene expression (SAGE) as being elevated
in colon tumor endothelium (37). The genes in this cluster are thus
likely related to the formation of the tumor vasculature.

Proliferation Signature. This cluster contained genes involved in

proliferation and progression through the cell cycle. Most of these
genes have been shown to be periodically expressed during the cell

Liang et al.
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Fig. 3. Coregulated genes that correlate with patient survival. The Cox
survival statistic was calculated for every gene by using the 20 GBMs for which
we could obtain survival data. Genes correlating with poorer prognosis re-
ceived positive Cox scores, whereas genes correlating with better prognosis
received negative Cox scores. Amoving average (window size, 71 elements) of
these scores was plotted adjacent to the gene expression map from Fig. 1B. A
permutation-based algorithm was used to calculate moving average scores
that were significant at P < 0.01, and these are indicated by vertical lines.

cycle (Fig. 2D) (38). These genes may provide an opportunity to
develop a sensitive molecular measure of the proliferation rate of
tumor cells.

Survival Analysis Reveals Two Subgroups of GBM. Both the structure
of the tumor dendrogram in Fig. 1 and the gene expression
signatures described reflect the molecular heterogeneity of GBM
and suggest the possibility of identifying molecularly distinguishable
subtypes. We initially hypothesized that the group of GBMs most
similar to OAC/ODG tumors and normal brain (Fig. 1) might
differ clinically from the remaining tumors. However, none of the
recorded clinical characteristics, such as patient age and survival
from diagnosis, or pathologic measures, such as percentage of
tumor cells, differed significantly between the groups.

As an alternative approach, we searched deliberately for gene
expression signatures that could subdivide GBMs into groups with
differences in prognosis. Using the 20 GBMs for which we could
obtain duration of survival and other clinical data, we plotted a local
Cox survival statistic next to the hierarchically clustered data from
Fig. 1B by using a moving average algorithm (Fig. 3). This approach
combines the functional organization and noise reduction of hier-
archical clustering with the supervised methodology of Cox survival
analysis. Only gene expression clusters containing multiple genes
strongly correlated with survival will show significant Cox score
peaks; thus, the approach highlights large sets of coregulated genes
whose expression is associated with patient survival. To assess the
statistical significance of these peaks, we randomly permuted the
patient labels 1,000 times and focused on Cox score peaks that were
significant at P < 0.01. As can be seen in Fig. 3, the only significant
peak was centered on a small cluster of coregulated genes. We did
not observe a significant peak of negative Cox scores, implying that
none of the gene expression clusters in our dataset were strong
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Fig. 4. Expression of survival-associated genes stratifies GBMs into two
distinct subgroups. (A) Expanded view of the survival-associated expression
signature identified in Fig. 3 among 20 GBMs with survival data. The tumors
are classified as belonging to Group 1 (orange) or Group 2 (blue) based on the
array dendrogram. Genes marked with asterisks were among 500 genes with
the top “intrinsic’” scores (see text). (B) Kaplan-Meier analysis of the two
subgroups indicates they have significantly different median survivals.

positive prognostic signatures. For comparison, we have performed
a supervised Cox survival analysis for every gene included in Fig.
1B, and these data are available in Supporting Text.

To further analyze the survival-associated gene expression sig-
nature, we hierarchically clustered these 20 GBMs using the genes
identified by the largest peak shown in Fig. 3. This divided them into
two groups of comparable size (Fig. 44). Kaplan—-Meier analysis
revealed a significant difference in survival between the two groups,
with median survival times of 25 months for Group 1 and 4 months
for Group 2 (Fig. 4B). Three tumors in Group 1 and one in Group
2 are derived from recurrent cases, in which the survival time was
defined as the time of diagnosis to death. Other clinical parameters
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were not significantly different between the groups (see Table 1,
which is published as supporting information on the PNAS web
site). Expression of the survival-associated genes was very different
in the two groups of GBMs, with relatively low expression in the
better prognostic group (Group 1). Several of these genes have
previously been shown to be variably expressed in GBMs (including
OLIG?2 and FABP?7) (25, 26). A subset of the genes in this cluster
has been implicated in the migration of glial or neural progenitors
(e.g., BCAN, FABP7, and CRMP5), suggesting that their expression
in GBMs might be related to the invasive potential of the tumor
cells.

We extracted Gene Ontology terms from the SOURCE database
(39) and systematically compared their frequency among the sur-
vival-associated genes with their overall frequency among all of the
genes from Fig. 1B. Among the most enriched “biological process”
terms was neurogenesis (P < 0.01 by hypergeometric distribution),
suggesting that at least a subset of the genes in this cluster may have
important roles in CNS development.

We next identified the subset of survival-associated genes whose
expression was most consistent among paired samples taken from
the same tumor. We reasoned that these genes would more likely
reflect “intrinsic” deterministic properties of the tumors, such as
prognosis. Using an algorithm similar to one described in a previous
study (5), we used the eight paired tumor samples to select 500
genes that showed the greatest variation among different tumors
compared with that between paired samples from the same tumor.
The survival-associated genes that were in this intrinsic gene set are
marked in Fig. 44.

Expression of FABP7 Is Correlated with Survival in Independent
Groups of GBM. Based on the preceding analyses, the lack of known
functional significance, and the availability of antibodies, we chose
to investigate F/ABP7 expression as a prognostic marker for GBM.
FABP7 mRNA and protein have previously been detected in
human GBM specimens and cell lines (25). FABP7 is highly
expressed in developing brain and retina, and its expression de-
creases significantly in the adult CNS (40). Based on in vitro results,
it has been suggested that FABP7 is required for the establishment
of the radial glial system of the developing brain (24).

To verify our array results, we analyzed protein expression of
FABP7 by immunohistochemistry in a subset of the GBMs we had
examined in Fig. 1. FABP7 protein was barely detectable in normal
brain but showed moderate to strong nuclear and cytoplasmic
expression in several GBMs. Tumor specimens with F4ABP7 mRNA
expression similar to normal brain tissues had only a few scattered
immunopositive cells. In contrast, numerous neoplastic cells with
strong FABP7 immunoreactivity were found in tumors with high
FABP7 mRNA expression (see Fig. 8, which is published as
supporting information on the PNAS web site).

To test the hypothesis that FABP7 might be a useful prognostic
marker, we examined FABP7 protein expression in an independent
set of 61 GBM (Fig. 9, which is published as supporting information
on the PNAS web site). This cadre of patients had a median survival
of 0.9 years, and age was closely correlated to survival (P < 0.001;
hazard ratio = 1.06; 95% of CI, 1.03-1.08), suggesting that this
group was representative of GBM patients in general. Using Cox
regression analysis, survival of these patients was loosely associated
with nuclear immunoreactivity of FABP7 (P = 0.056). In a Cox
model incorporating age and FABP7 nuclear staining, high FABP7
expression was negatively correlated with survival (P = 0.014;
hazard ratio = 1.52; 95% of CI, 1.09-2.13) (data not shown). The
significant inverse correlation of FABP7 expression with survival
after correcting for age indicated that FABP7 carried prognostic
information above and beyond age in this group of patients.
Because the correlation of nuclear staining and patient survival
became stronger after adjusting for age, we stratified the patients by
age and reexamined the survival data. Nuclear FABP7 expression
significantly correlated with survival in patients younger than the

5818 | www.pnas.org/cgi/doi/10.1073/pnas.0402870102

A
1 daent
2 FABP7 Neg.
% x = FABP7 Pos.
Sos
2
o
xx p < 0.00005
x
0
0 2 . 4 6 8
Survival (Years)
B 30
pcDNA3
B 3001 |smFABP7
g 250
©
& 200
5
g 150
[T
© 100
®
50
0
Hours

Fig. 5. FABP7 protein expression is associated with survival in independent
cohorts of GBM patients and enhances glioma cell motility in vitro. (A)
Kaplan—-Meier analysis of nuclear FABP7 expression in an independent cohort
of 44 GBM patients. FABP7 immunoreactivity (orange for score 0, blue for
score of 1 or 2) is correlated with survival (P < 0.00005). (B) SF767MG cells were
transfected and plated in the upper chamber of a transwell system (see text).
Results represent average number of migrated cells from three separate
transfections. Error bars represent standard error of the mean. *, P < 0.001.

median age (<53 yr; n = 32; 18 were score 0; P = 0.017; hazard
ratio = 1.71; 95% of CI, 1.1-2.7) but not in the older patients (>53
yr; n = 29; 17 were score 0; P = 0.75; hazard ratio = 1.09; 95% of
CL 0.63-1.91).

Despite the consistent inverse association between FABP7 ex-
pression and survival, the multiple analyses clouded the true
prognostic significance of nuclear FABP7 immunoreactivity. We
therefore specifically tested the hypothesis that nuclear FABP7
predicts shorter survival in another independent set of 44 GBMs
whose median age was 49 years. The median survival of this group
of patients was 0.8 years, and age significantly correlated with
survival (P = 0.02; hazard ratio = 1.04; 95% of CI, 1.01-1.07). We
found that nuclear FABP7 staining (22 were score 0) again had a
strong negative correlation with survival (scores 1 or 2 vs. score 0
P < 0.001; hazard ratio = 4.68; 95% of CI, 2.151-10.172). Fig. 54
shows the Kaplan—Meier survival curve of this second set, stratified
by FABP7 immunoreactivity. Thus, in GBM, nuclear FABP7,
presumably representing the larger gene expression program we
observed in our global gene expression analysis, is strongly predic-
tive of poor prognosis, especially in younger patients.

FABP7 Enhances Glioma Cell Migration. We sought to identify a role
for FABP7 in the pathogenesis of GBM. Transient expression
experiments did not reveal an effect of expression on either cell
cycle progression or the rate of spontaneous apoptosis (data not
shown). Given the documented expression of FABP7 in radial glia,
which extend processes and migrate through the developing ner-
vous system, we investigated the effect of FABP7 expression on the
motility of glioma cells. We transfected FABP7 cDNA into SF767

Liang et al.
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glioma cells, which express low levels of FABP7, and examined the
motility of these cells. We found that FABP7-transfected cells
displayed 5-fold greater migration than control cells (Fig. 5B). This
suggests that the relatively poorer prognosis portended by overex-
pression of FABP7 may be due to increased migration and invasion
of tumor cells into the surrounding brain parenchyma.

Discussion

This systematic characterization of gene expression patterns in
GBM has given us insights into its biology and clinical behavior. The
hallmark histopathologic features of these tumors were reflected in
their gene expression profiles. Samples from different regions of the
same tumor, which varied in histopathological features (e.g., mitotic
index or necrosis), had corresponding differences in gene expres-
sion profiles. As revealed by hierarchical cluster analysis, the
expression patterns in paired specimens from the same tumors were
more similar to each other than to any other GBM specimen,
indicating that the dominant features of gene expression profiles
reflected the intrinsic characteristics of the tumors and did not
depend on intratumoral histopathological variation. Gene expres-
sion profiles may thus more accurately reflect both biologic and
clinical differences between GBMs than histological parameters.

Using a combination of unsupervised and supervised algorithms,
we identified two molecularly distinct subgroups of GBM. Al-
though these two groups expressed similar levels of many of the
GBM-specific genes (such as those involved in angiogenesis, mi-
croglial/macrophage infiltration, and chromosomal amplifica-
tions), they showed a striking difference in expression of a group of
genes correlated with survival but not obviously associated with
known diagnostic characteristics. Using paired tumor specimens,
we focused on an “intrinsic” subset of genes and confirmed the
association of protein expression of one of these (FABP7) with
survival in two independent groups of patients.

Understanding the functional roles of the genes whose expression
predicts survival could enhance our understanding of the patho-
genesis of GBM. Many of these genes are more highly expressed
during CNS development than in mature brains, and some are
specifically expressed in developing glial and oligodendroglial cells
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(FABP7,0LIG1, OLIG2, and PTPRZ]I). This expression signature
may reflect the pretransformation precursor of Group 2 GBMs.
Because tumors commonly “inherit” important aspects of their
behavior from their normal progenitors, biological properties of
these precursor cells may lead to GBMs that are more aggressive.

A significant proportion of survival-associated genes are involved
in cell migration, including glial-guided neuronal migration and
adhesion of glioma cells to various ECM proteins (e.g., BCAN,
PTPRZI1, CRMP5, and FABP7) (41-44). Evidence for a role of
brevican in glioma invasion has been demonstrated in animal
models (45). We found that glioma cells overexpressing FABP7
demonstrated increased migration rates in vitro. Thus, Group 2
tumors may be more infiltrative and aggressive, resulting in shorter
survival times.

An important extension of these results will be to refine our
understanding of the prognostic value of the gene expression
patterns we have identified and to develop a small panel of well
characterized markers that can be rapidly analyzed in clinical
laboratories. Although our analysis does not validate a specific
signature of multiple genes associated with survival, our examina-
tion of FABP7 in two independent sets of tumors provides strong
evidence that the gene expression signature associated with survival
will contain other genes of prognostic import. We suggest that
stratification of GBMs, based on expression of FABP7 and other
markers that identify poor-prognosis GBMs, may allow more
accurate prognostic predictions and the development of therapies
optimized for each subtype.
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