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Abstract
18F-fluorodeoxyglucose (FDG) uptake on positron
emission tomography (PET) scan has been found to
reflect tumor aggressiveness and prognosis in vari-
ous types of cancer. In this study, the gene expres-
sion profiles of glial tumors were evaluated to deter-
mine whether glial tumors with high 18F-FDG uptake
have more aggressive biological potential than with
low uptake. Surgical specimens were obtained from
the 12 patients with glial tumors (4 males and 8 fe-
males, age range 42-68 years). The tumor samples
were divided into two groups based on the 18F-FDG
uptake PET scan findings: high 18F-FDG uptake (n==4)
and low 18F-FDG uptake (n==8). The pathological tu-
mor grade was closely correlated with the 18F-FDG
uptake pattern: Glial tumors with high 18F-FDG up-
take were pathologically Edmondson-Steiner grade
III, while those with low uptake were grade II. The
total RNA was extracted from the frozen tissues of
all glial tumors (n==12), and adjacent non-cancerous
tissue (n==3). The gene expression profiles were eval-
uated using cDNA microarray. The glial tumors with
high 18F-FDG uptake showed increase expression of
15 genes compared to those with low uptake (P⁄⁄
0.005). Nine genes were down-regulated. Gene ex-
pression is closely related to cell survival, cell-to-cell
adhesion or cell spreading; therefore, glial tumors
with high 18F-FDG uptake appear to have more ag-
gressive biological properties than those with low
uptake.
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Cancer cells are known to show increased rates of
glucose metabolism and on the basis of this, a posi-
tron emission tomography (PET) study using 18F-
fluorodeoxyglucose (18F-FDG) has been used for the
detection of primary and metastatic tumors1. FDG-
PET is used in diagnostic oncology as a method of
assessing the functional characteristics of solid tu-
mors2,3. One of the first uses of FDG-PET was in
brain tumor imaging2. In addition to assessment of
FDG uptake in brain tumors using a visual grading
scale4, quantitative and semiquantitative measure-
ments have been described in patients with brain
tumors by comparing tumor uptake with that of nor-
mal areas of cortex or white matter5. The usefulness
of FDG-PET scans has been reported extensively in
patients with brain tumors, particularly malignant
glioma6. This method, when used in a serial fashion,
has been shown to provide both diagnostic and prog-
nostic information in such patients7,8. Also, the degree
of FDG-PET uptake has been shown to differentiate
between radiation necrosis and recurrent tumor9 and
between benign and malignant neoplasia5. 

Recently, 18F-FDG uptake on PET has been report-
ed to be an important prognostic marker in various
cancer, including non-small-cell lung cancer, head
and neck cancer, lymphoma, pancreatic adenocarci-
noma, and colorectal and cervical cancers10-15, because
tumors with higher 18F-FDG uptake show higher cel-
lular proliferation and are associated with a poorer
survival rate than those with low 18F-FDG uptake.
The reduction of 18F-FDG uptake after induction che-
motherapy has been correlated with better disease-
free and overall survival rates16.

In glial tumors, the sensitivity of 18F-FDG uptake
PET is approximately 60%17, which is considerably
lower than that in 18F-FDG avid tumors such as col-
orectal and lung cancers or lymphoma. The mecha-
nisms underlying the low sensitivity of 18F-FDG PET
in glial tumors are uncertain. The facilitated diffusion
of 18F-FDG due to low expression of glucose trans-
porter-1 (Glut-1)18 and transport out of the cells due
to unusually high expression of glucose-6-phosphatase
have been considered as mechanisms of low 18F-FDG
uptake17. Previous studies, it has demonstrated that
18F-FDG uptake is increased in poorly differentiated
glial tumors and that clinical outcome is poorer in
patients with a high tumor to non-tumor 18F-FDG
uptake ratio, indicating that 18F-FDG uptake in glial
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tumors is also closely related to tumor progression
and prognosis19.

In this study, we investigated the gene expression
profiles of glial tumors with high 18F-FDG uptake
using cDNA microarray method, and compared with
those of glial tumors with low 18F-FDG uptake to
evaluate whether the 18F-FDG uptake pattern is corre-
lated with tumor progression and metastatic potential
at the molecular level.

Pathological Results in Relation to 18F-FDG
Uptake

The SUVs of the tumor ranged from 1.8 to 8.1 (4.6
±3.05) in the high uptake group and from 1.6 to 3.1
(2.2±0.47) in the low uptake group. The mean SUV
of the non-tumor tissue was 1.8±1.21. Radioactive
hybridization was visualized by phosphoimager tech-
nologies. The primary image, that is the results of pri-
mary capture by phosphoimager, is shown in Figure
1A. This particular array was printed in duplicate (as
indicated by the line) and each duplicate was com-
posed of eight individual subarrays. Visual inspection
of the hybridization patterns readily identified a num-
ber of signals differentially expressed between nor-
mal and diseased tissue. Figure 1B is a superimposed
image in which red color represents upregulation and
green represents downregulation, and yellow repre-
sents genes of higher expression in high 18F-FDG

uptake and low 18F-FDG uptake, such as housekeeping
genes. 

The tumors were divided into two groups as indi-
cated by the microarray data, and the pathological
grading of the tumor was closely correlated with the
microarray clustering data and also with 18F-FDG
uptake patterns (Figure 2, Table 1): Glial tumors with
high 18F-FDG uptake were pathologically Edmondson
-Steiner grade III, whereas those with low uptake
were grade II.

The Microarray Data in Relation to 18F-FDG
Uptake

Analysis of the median densitometric signal inten-
sity revealed that 24 genes differed between the pati-
ents of glial tumors with high 18F-FDG uptake and
low 18F-FDG uptake by a Z-ratio of 2 at a descriptive
P‹0.05. When the gene expression profiles in glial
tumors with high 18F-FDG uptake were compared to
those with low uptake, 15 genes were up-regulated in
the glial tumors with high 18F-FDG uptake. In parti-
cular, genes related to tumor cell adhesion, invasion,
metastasis or anti-tumoral immunity, such as insulin-
like growth factor binding protein 2 (IGFBP2), mito-
gen-activated protein kinase, regulator of G-protein
signalling 13 and prostaglandin-endoperoxide syn-
thase 2 (prostaglandin G/H synthase and cyclooxyge-
nase) were up-regulated. The human VEFG and rho
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Figure 1. (A) Representative
cDNA microarrays of two
independent hybridization ex-
periments comparing cDNAs
generated from GBMs with
high 18F-FDG uptake (up) or
from GBMs with low 18F-
FDG uptake16. The cDNA
microarray contained the two
sets of 1,152 genes and print-
ed in duplicate (as indicated
by the line), and each dupli-
cate is composed of eight in-
dividual subarrays. (B) Su-
perimposed image of primary
images.



GDP dissociation inhibitor (GDI) beta were also over
-expressed. Nine genes, including tumor susceptibility
gene 101, platelet/endothelial cell adhesion molecule
(CD31 antigen), s-antigen; retina and pineal gland
(arrestin) and protein phosphatase 2 (formerly 2A)
catalytic subunit beta isoform were down-regulated
(Figure 2). 

The gene expression profiles are summarised in
Table 2, 3. The results in Figure 3 show that the

IGFBP2 protein and prostaglandin-endoperoxide
synthase 2 were also elevated in the glial tumors with
high 18F-FDG uptake. Combining the results from
cDNA array and RT-PCR, we accumulated compara-
ble numbers of cases for each category. Elevation of
IGFBP2 and prostaglandin-endoperoxide synthase 2
in the glial tumors with high 18F-FDG uptake implies
that the IGF and prostaglandin G/H synthase pathway
are involved in glioma progression.
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Figure 2. Clustergram of up- and down-regulated gene expression profile in the GBM with high 18F-FDG uptake compared to
those with low 18F-FDG uptake. The dendrogram at the top indicates the pathological grading and 18F-FDG uptake pattern ap-
pear to be well correlated. Four samples with high 18F-FDG uptake were high-grade lesions, while all samples with low 18F-FDG
uptake were assigned to grade II.



Discussion

18F-FDG PET is a unique imaging method that pro-
vides in vivo evidence for both biochemical and phy-
siological activities in the normal brain and spinal
cord and in tumors that involve these structures20. It
provides important information regarding tumor
grade, extent of tumor, best sites for tumor biopsy,
response to treatment, and prognosis. Because the
brain derives its energy exclusively from glucose, 18F
-FDG is rapidly taken up in neuronal and glial cells
through glucose transporter proteins, called GLUT-1,
located on the membranous surface. 18F-FDG is
metabolized similarly to glucose and undergoes phos-

phorylation to FDG-6 phosphate. However, unlike
glucose-6 phosphate, FDG-6 phosphate is trapped
within the cell and cannot be metabolized further or,
in the phosphorylated form, leave the cell. High-
grade brain tumors accumulate 18F-FDG more avidly
than normal neurons, enabling their identification
amid the background 18F-FDG uptake in the brain.
The intensity of 18F-FDG uptake in brain tumors can
be visually graded or quantified by metabolic activity
ratios (Tmax/Gmean and Tmax/Wmean) using the
uptake in the contralateral normal cortex and white
matter as an internal standard5,21,22. These uptake
measures have been validated in studies of 18F-FDG-
PET in both low- and high-grade brain tumors. Cutoff
values (¤0.8, 1.5, and 3, respectively, for Tmax/
Gmean, Tmax/Wmean, and visual grade values) have
been proposed that reliably could differentiate malig-
nant from benign tumors5.

Glial tumor is the most common and most lethal
primary malignant brain tumor. However, the role of
18F-FDG PET in the initial diagnosis of glial tumors
is limited because of its low sensitivity. In addition,
the mechanisms involved in low 18F-FDG uptake by
glial tumors are controversial. Nevertheless, 18F-FDG
PET scan appears to be useful for predicting the clin-
ical outcome and prognosis in glial tumor patients17.
Therefore, it is important to assess the molecular
biological findings in relation to 18F-FDG uptake
patterns. 

Data on the correlation between proliferative acti-
vity and glycolysis in malignant tumors as measured
by 18F-FDG uptake have been reported in a small
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Table 1. Clinical and 18F-FDG PET findings of the GBM
patients.

No Age Sex Location
18F-FDG 
uptake Pathology SUV

1 F 54 Right frontal High III 2.3
2 M 66 Right temporal High III 1.8
3 M 42 Left frontal High III 8.1
4 M 52 Pons High III 6.2
5 F 60 Right temporal Low II 2.3
6 F 54 Right frontal Low II 1.6
7 F 54 Right frontal Low II 2.4
8 M 68 Left temporal Low II 2.0
9 F 43 Left frontal Low II 1.8

10 M 47 Right frontal Low II 3.1
11 F 51 Right frontal Low II 2.5
12 F 50 Left frontal Low II 2.1

Table 2. Up-regulated gene expression in the GBMs with high 18F-FDG uptake compared to the GBMs with low 18F-FDG
uptake by cDNA array. 

Gene name
Z-value1)

Z-difference2) Z-ratio3)

Low- High-

Ubiquitin-conjugating enzyme E2I (homologous to yeast UBC9) -3.88 -0.53 3.35 4.26
Insulin-like growth factor binding protein 2 (IGFBP2) -3.55 -0.42 3.13 3.98
Guanine nucleotide binding protein-like 1 -3.03 -0.07 2.96 3.76
Axonal transport of synaptic vesicles -2.74 0.10 2.85 3.61
Mitogen-activated protein kinase -3.06 -0.60 2.80 3.56
ADP-ribosylation factor-like 3 -3.09 -0.30 2.79 3.54
Chromobox homolog 3 (Drosophila HP1 gamma) -2.95 -0.19 2.75 3.50
Upstream transcription factor 2, c-fos interacting -3.02 -0.33 2.69 3.41
RAB interacting factor -2.82 -0.19 2.62 3.33
VEGF -2.04 0.27 2.30 2.92
Regulator of G-protein signalling 13 -2.00 0.18 2.18 2.77
Prostaglandin-endoperoxide synthase -2.01 -0.04 1.98 2.51
Wingless-type MMTV integration site family member 2 -2.29 -0.33 1.96 2.49
Rho GDP dissociation inhibitor (GDI) beta -1.92 0.02 1.94 2.46
Succinate dehydrogenase complex, integral membrane protein -2.11 -0.18 1.93 2.44

1)Z-value(gene1)==log10[raw intensity(gene1)]-log10[mean raw intensity(all genes)]/standard deviation log10[raw intensity(all genes)]
2)Z-difference(gene1)==Z(gene1, array1)-Z(gene1, array2)
3)Z-ratio(gene1)==Z-difference(gene1)/Sdev(Z-difference all genes)



series of malignant lymphoma cases. Vesselle et al.23

reported that 18F-FDG uptake in non-small-cell lung
cancer correlates with cellular proliferation assessed
by Ki-67 immunohistochemistry. By contrast, the in
vitro results of Higashi et al.24 indicated no correlation
between proliferative activity and 18F-FDG uptake in
a human ovarian adenocarcinoma cell line. 

The molecular mechanisms and genetic alterations
of glial tumorigenesis remain poorly understood,
although the major environmental risk factors such as
chemical carcinogens have been identified25. Recently,
several studies have described the usefulness of DNA
microarray in GBMs to profile global changes in gene
expression and to identify the signature genes26-30:
expression of the expressed gene 10, a number of
other genes related to the cell cycle regulation, tumor
metabolism or tissue invasion have been described in
GBMs. However, there have been few consistently
expressed genes, possibly due to the different analysis
methods, the cDNAs selected for microarray or the
conditions of the non-cancerous control tissues used
for comparison. 

In this study, numerous genes were differentially

expressed in the glial tumors compared with the adja-
cent non-cancerous tissues, making it difficult to
identity the novel signature genes related to the car-
cinogenesis or biological properties. Therefore, we
focused on the differential gene expression between
glial tumors with high 18F-FDG uptake and those
with low uptake on PET scan. 

This study used a cDNA microarray with 1,152
human genes selected from the NCBI database. Fif-
teen genes were significantly up-regulated and nine
were down-regulated in the glial tumors with high
18F-FDG uptake. The gene expression of the IGFBP2,
which appears to be associated with the formation of
or progression to glial tumors, was markedly increas-
ed in glial tumors with high 18F-FDG uptake. The
IGFs stimulate cellular proliferation in an autocrine
fashion in many tumors. It has been reported that
human gliomas produce IGFs and express elevated
levels of IGF receptors compared with normal brain
tissue31,32. IGF also enhances three-dimensional grow-
th of glioblastoma spheroids in vitro33. The effect of
IGFs on cells is regulated by a family of IGFBPs34-36,
which can both attenuate and stimulate the mitogenic
effect of IGFs36,37. Studies of the temporal and spatial
expression of IGFBPs during development reveal that
members of the IGFBP family are expressed in a tis-
sue-specific and developmental stage-specific man-
ner38. Unlike some of the other members, IGFBP2 is
predominantly expressed in fetal tissues that are high-
ly proliferative, such as the early postimplantation
epiblast, the apical ectodermal ridge, and the progeni-
tors of spleen and liver cells. In the nervous system,
IGFBP2 is expressed in fetal astroglial cells. After
birth, IGFBP2 expression significantly decreases in
glial cells39. 

An association of IGFBP2 with several different
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Table 3. Down-regulated gene expression in the GBMs with high 18F-FDG uptake compared to the GBMs with low 18F-FDG
uptake by cDNA array.

Gene name
Z-value1)

Z-difference2) Z-ratio3)

Low- High-

Tumor susceptibility gene 101 0.08 -1.98 -2.06 -2.61
Integrin, alpha L (antigen CD11A (p180) -0.42 -2.46 -2.03 -2.58
Human DNA sequence from clone 366N23 on chromosome 6q27 0.20 -1.79 -1.99 -2.53
Platelet/endothelial cell adhesion molecule (CD31 antigen) -1.04 2.98 -1.95 -2.47
S-antigen; retina and pineal gland (arrestin) -1.32 -3.24 -1.92 -2.44
Protein phosphatase 2 (formerly 2A), catalytic subunit, beta isoform -0.67 -2.48 -1.81 -2.29
Insulin-like growth factor 2 (somatomedin A) -0.56 -2.32 -1.76 -2.24
TYRO protein tyrosine kinase binding protein -0.24 -1.98 -1.73 -2.20
Inositol polyphosphate phosphatase-like 1 -0.70 -2.39 -1.69 -2.15
1)Z-value(gene1)==log10[raw intensity(gene1)]-log10[mean raw intensity(all genes)]/standard deviation log10[raw intensity(all genes)]
2)Z-difference(gene1)==Z(gene1, array1)-Z(gene1, array2)
3)Z-ratio(gene1)==Z-difference(gene1)/Sdev(Z-difference all genes)

High Low

GAP

Insulin-like
Growth factor

Prostaglandin-

FDG uptake

Figure 3. Representative RT-PCR data of insulin-like grow-
th factor binding protein 2 and prostaglandin-endoperoxide
synthase 2 in GBMs.



malignancies has been noted. Studies have shown
that patients with prostate carcinoma have elevated
serum IGFBP2 compared with patients with benign
prostatic hyperplasia40. Increased expression of
IGFBP2 was also found in malignant ovarian cyst
fluid. Recently, it was shown that introduction of
IGFBP2 expression increased tumorigenicity of recip-
ient cells in a nude mouse xenograft model41. 

The expression of prostaglandin H synthase-2 (PHS)
gene was slightly up-regulated. Prostaglandin H syn-
thase (otherwise known as cyclooxygenase) is a key
enzyme in the synthesis of prostaglandins and throm-
boxane. Two isoforms of PHS have been identified:
constitutively expressed PHS-1, and mitogen-induci-
ble PHS-2. Previous studies have demonstrated that
PHS-2, but not PHS-1, is involved in colon carcino-
genesis42-44, and those nonsteroidal anti-inflammatory
drugs (NSAIDs), which inhibit PHS, can reduce the
risk of colon cancer45. Recently, constitutive expres-
sion of PHS-2 has also been demonstrated in various
tumors in addition to colon cancer, such as skin, bre-
ast, lung, liver and pancreas carcinomas46,47. Further-
more, several studies have demonstrated the up-regu-
lation of PHS-2 in transfection experiments of onco-
genes48-50, suggesting that up-regulation of PHS-2
could be a general phenomenon in carcinogenesis.

In brain tumors, elevated prostaglandin production
and its correlation to anaplastic grade of glial tumors
and meningiomas have been demonstrated51. Prostag-
landins serve as autocrine and paracrine mediators
and are involved in a variety of biological processes.
A PHS-2 metabolite abundantly present in the lung
cancer microenvironment, prostaglandin E2 (PGE2)
is an important mediator of immunoregulation and
epithelial survival. PGE2 exerts its multiple effects
through four G protein-coupled receptors. It has been
shown previously that GPCRs are able to trans-acti-
vate the epidermal growth factor receptor (EGFR)
pathway leading to the promotion of cancer cell grow-
th and motility52,53. Studies of human cancers have
revealed the mechanisms of PGE2-mediated mitogen
-activated protein kinase (MAPK) activation in non-
small cell lung cancer (NSCLC) cells. 

Based on these results, the gene expression profile
of the glial tumors with high 18F-FDG uptake on PET
scan appears to have more aggressive nature than that
of glial tumors with low 18F-FDG uptake. The func-
tional roles of the other genes demonstrated in our
microarray results are not understood in relation to
carcinogenesis or progression of glial tumors. Further
studies will be required.

In conclusion, 18F-FDG uptake pattern is closely
correlated to the molecular markers involved in
tumor progression and metastasis. GBMs with high

18F-FDG uptake appear to have more aggressive bio-
logical properties than those with low uptake. There-
fore, 18F-FDG PET scan is an important diagnostic
and prognostic tool in the evaluation of brain tumors,
and gene expression profiling appears to be useful in
understanding molecular characteristics of glial
tumors with various FDG uptakes.

Methods

Patients
The study consisted of 12 patients with glial tumors

(5 men, 7 women, aged 42-68 years; mean age 53.4
years) who underwent lobectomy. Brain tumors were
classified on the basis of review hematoxilin and
eosin stained sections of surgical specimens. All tumor
samples were classified as World Health Organization
(WHO) grade, and divided into two groups based on
the PET scan findings; high uptake (n==4) and low
uptake (n==8) (Table 1).

PET Studies
All patients fasted for at least 6 hours before the

FDG-PET scans. Serum glucose levels were routinely
obtained immediately before the scan and were found
to be less than 140 mg/dL in all patients. PET scann-
ing was performed using a GE advance PET scanner
(GE advance, Milwaukee, WI, USA). PET image
were acquired with the patients in the supine position,
resting, with eyes closed. For attenuation correction,
transmission scanning with 68Ge ring sources was
performed for 7 min. Patients were injected with 370
MBq of 18F-FDG intravenously. After 60 min, region-
al images of the brain were obtained for 20 min.
Transaxial images were reconstructed using a filtered
back projection and corrected for attenuation using
the attenuation map obtained with the transmission
images. The PET images were compared with the
corresponding computed tomography (CT) or mag-
netic resonance (MR) images for accurate tumor local-
ization, and the coronal, sagittal and axial image were
qualitatively evaluated to assess whether the 18F-FDG
uptake in the tumor was or was not higher than that in
surrounding non-cancerous brain cortex (high uptake
group vs low uptake group, respectively).

Image Analysis
PET images were compared to compute tomogra-

phy or magnetic resonance images to identify the
tumor margin. Based on the anatomical information,
the margins (regions of interest, ROIs) of the tumor
lesion were manually drawn by an observer and then
18F-FDG uptake was analyzed quantitatively by cal-
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culating the standardized uptake value (SUV): SUV==
(PET count×calibration factor)/(injection dose/body
weight).

cDNA Microarray 
Total RNA was extracted from the frozen tissues of

14 glial tumors using TRIzol (Invitrogen, Carlsbad,
CA, USA). The RNA purity and integrity were con-
firmed by OD spectrophotometry and gel electropho-
resis with a BioAnalyzer 2100 (Agilent Technologies,
Inc., Palo Alto, CA, USA). Briefly, 3-10 µg RNA
were labeled in a reverse transcription reaction con-
taining 5× first strand PCR buffer, 1 µg of 24-mer
poly dT primer, 4 µL of 20 mM each dNTP excluding
dCTP, 4 µL of 0.1 M DTT, 40 U of RNase inhibitor, 6
µL of 3,000 Ci/mmol α-32P dCTP to a final volume
of 40 µL. The mixture was heated at 65�C for 5 min,
followed by incubation at 42�C for 3 min. Two µL
(specific activity: 200,000 U/mL) of Superscript II
reverse transcriptase (Life Technologies) was then
added and the samples were incubated for 30 min at
42�C, followed by the addition of 2 µL of Superscript
II reverse transcriptase and another 30 min of incuba-
tion. Five µL of 0.5 M EDTA was added to chelate
divalent cations. After the addition of 10 µL of 0.1 M
NaOH, the samples were incubated at 65�C for 30
min to hydrolyze remaining RNA. Following the
addition of 25 µL of 1 M Tris (pH 8.0), the samples
were purified using Bio-Rad 6 purification columns
(Hercules, CA). This resulted in 5×106 to 3×107

cpm per reaction54.

Hybridization & Scanning
cDNA microarrays were pre-hybridized in hybridi-

zation buffer containing 4.0 mL Microhyb (Research
Genetics), 10 µL of 10 mg/mL human Cot 1 DNA
(Life Technologies), and 10 µL of 8 mg/mLpoly dA
(Pharmacia, NJ). Both Cot 1 and poly dA were dena-
tured at 95�C for 5 min prior to use. After 4 h of pre-
hybridization at 42�C, approximately 107 cpm/mL of
heat-denatured (95�C, 5 min) probes were added and
incubation was continued for 17 h at 42�C. Hybridiz-
ed arrays were washed three times in 2× SSC and
0.1% SDS for 15 min at room temperature. The micro-
arrays were exposed to phosphorimager screens for
1-5 days, and the screens were then scanned in a FLA
-8000 (Fuji Photo Film Co) at 50 µm resolution54.

Data Analysis
Microarray images were trimmed and rotated for

further analysis using L-Processor (Fuji Photo Film
Co). Gene expression of each microarrays was cap-
tured by the intensity of each spot produced by radio-
active isotopes. Pixels per spot were counted by Ar-

rayguage (Fuji Photo Film Co) and were exported to
Microsoft Excel (Microsoft, Seattle, WA). The data
were normalized with Z transformation to obtain Z
scores by subtracting each average of gene intensity
and dividing with each standard deviation. Z scores
provide each of 2,304 genes with the distance from
the average intensity and were expressed in units of
standard deviation. Thus, each Z score provides flex-
ibility to compare different sets of microarray experi-
ments by adjusting differences in hybridization inten-
sities. 

Gene expression difference as compared to untreat-
ed control cells was calculated by comparing the Z
score differences (Z differences) among the same
genes. This facilitates to compare each gene that had
been up- or down-regulated as compared to the con-
trol cells. Z differences were calculated first by sub-
tracting Z scores of the control from each Z score of
the samples. These differences were normalized again
to distribute their position by subtracting the average
Z difference and dividing with the standard deviation
of the Z differences. These distributions represent the
Z ratio value, and provide the efficiency for compar-
ing each microarray experiment54. 

Scatter plots of intensity values were produced by
Spotfire (Spotfire, Inc., Cambridge, MA)55. Cluster
analysis was performed on Z-transformed microarray
data by using two programs available as shareware
from Michael Eisen’s laboratory (http://rana.lbl.gov).
Clustering of changes in gene expression was deter-
mined by using public domain Cluster based on pair
wise complete-linkage cluster analysis56.

Validation of Microarray Data with RT-PCR
Two genes detected on the microarray data were

selected for the validation of microarray results. The
total RNA was extracted from 60 µg frozen tissue of
each glial tumors using TRIzol (Invitrogen, Carlsbad,
CA, USA). Reverse transcription for cDNA was per-
formed from 5 µg total RNA using 2 µg random hexa-
mer (Amersham Pharmacia Biotech, Inc., Uppsala,
Sweden), 1.25 mM dNTP (Boehringer-Mannheim,
Mannheim, Germany) and 200 UM-MLV reverse
transcriptase (Gibco BRL, Grand Island, NY, USA).
PCR was performed using 0.25 mM dNTP, 0.25 U
Taq polymerase (Perkin Elmer, Norwalk, CT, USA),
10 pmol primer pairs and 3 µL cDNA with a thermal
cycler. The following primer pairs were used for
IGFBP2, prostaglandin-endoperoxide synthase 2 and
GAPDH amplification: IGFBP2, 5′-AGCCCCTCA-
AGTCGGGTA (sense), 5′-TGCGGTCTACTGCAT-
CCG (antisense); prostaglandin-endoperoxide syn-
thase 2, 5′-CAGAGTATGCGATGTGCTTA (sense),
5 ′ -GCCAGTGATAGAGGGTGTTA (antisense);
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GAPDH, 5′ -CGGGAAGCTTGTGATCAATGG-3
(sense), 5 ′ -GGCAGTGATGGCATGGAC-TG-3 ′
(antisense).
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