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OBJECTIVE: We used complementary deoxyribonucleic acid expression microarrays to assess the effects of radio-
therapy on gene expression in glioblastoma multiforme. We hypothesized that postradiation recurrent tumors
may demonstrate alterations in gene expression from the primary tumor specimen.

METHODS: Patients were diagnosed with glioblastoma multiforme at resection of the initial tumor, and they
received 60 Gy of fractionated radiotherapy before recurrence. Ribonucleic acid samples from both the primary
and the postradiation recurrent tumor in each patient were screened and compared using complementary
deoxyribonucleic acid expression arrays and Northern blot analysis.

RESULTS: Messenger ribonucleic acid levels of growth factors participating in paracrine loops, such as vascular endo-
thelial growth factor and platelet-derived growth factor receptor b, were decreased in postradiation recurrent tumors
as compared with primary tumors in three of four patients. However, messenger ribonucleic acid levels of growth
factors involved in autocrine loops, such as epidermal growth factor receptor, platelet-derived growth factor a,
platelet-derived growth factor A, and basic fibroblast growth factor, were decreased in two of four, two of four, three
of four, and three of four patients’ recurrent tumors, respectively. Microvessel counts demonstrated that blood vessel
growth was decreased significantly in postradiation recurrent tumor specimens.

CONCLUSION: After radiotherapy of glioblastoma multiforme, levels of paracrine-acting growth factors are
diminished in correspondence with the reduction in vascular density. In contrast, growth factors that participate
in autocrine loops demonstrate elevated levels of gene expression. These results suggest that maintenance of
autocrine loops may be important in tumor regrowth after radiotherapy. (Neurosurgery 48:195–202, 2001)
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Current data indicate that approximately 18,000 primary
malignant brain tumors are diagnosed each year and
that approximately 13,000 deaths annually are attrib-

utable to malignant brain tumors (2, 16). The prognosis for
patients with malignant brain cancer is very poor; the recur-
rence rate is greater than 90%, and the 5-year survival rate is
less than 10% (19). Radiotherapy is a vital component of
multimodal treatment for malignant brain tumors. Delivered
at sufficient doses and in conjunction with surgery, radiation
treatment has been demonstrated to prolong survival (21, 22).

Questions remain, however, regarding its effects on recurrent
tumor phenotype. For unknown reasons, recurrent high-
grade gliomas seem to behave more aggressively after radio-
therapy than their primary counterparts, which suggests that
radiotherapy may be at least partly responsible for these
observed changes. Radiotherapy seems to affect significantly
the plasma levels of a number of growth factors measured in
patients before and directly after radiotherapy (9).

Although the short-term effects of high- and low-dose irra-
diation on gene expression have been studied in glioblastoma
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multiforme (GBM) cells in vitro and in an animal model (17),
the specific effects of long-term radiotherapy on gene expres-
sion have not been examined. The purpose of this study was
to investigate the effects of radiotherapy on malignant glio-
mas. We assessed patterns of gene expression in primary
tumor tissue and recurrent tumor tissue taken from patients
whose treatment consisted solely of surgery and adjuvant
radiotherapy. We compared the levels of gene expression in
patients’ primary and postradiation recurrent tumor speci-
mens using complementary deoxyribonucleic acid (cDNA)
microarray analysis, and we confirmed the differences in
expression in a subset of genes by Northern blot analysis.

PATIENTS AND METHODS

Patients

Four patients with recurrent GBM (three men and one
woman) were included in the study. Their mean age was
59.25 years, and the mean interval from primary resection to
resection of recurrent tumor after radiotherapy was 7.25
months (Table 1). The Brain Tumour Tissue Bank of the Na-
tional Cancer Institute of Canada, London Regional Cancer
Centre, provided the primary tumor and recurrent tumor
specimens from each patient. All patients were diagnosed
with GBM when the primary tumor was resected, and subse-
quently they received 2.0 Gy of fractionated radiotherapy per
day for 5 consecutive days each week during a 6-week period,
for a total dose of 60 Gy. Patients received conventional x-ray
photon radiation using a linear accelerator.

Isolation of RNA

Total ribonucleic acid (RNA) was isolated from tumor spec-
imens as described by Chirgwin et al. (4). Tissue samples were
placed in 4 mol/L guanidinium isothiocyanate and were ho-
mogenized with a polytron. Samples were then centrifuged
for 10 minutes at 20°C and 3000 rpm to remove debris, and the
supernatant was layered over 5.7 mol/L cesium chloride. The
samples were ultracentrifuged for 16 hours at 22°C. The re-
sulting RNA pellet was dissolved in 0.3 mol/L sterile sodium
acetate, followed by ethanol precipitation of the RNA. Be-
cause of the sample tissue size, only 20 mg of total RNA was

obtained from each tumor. This amount was sufficient for
only one Northern blot analysis.

cDNA filters

Atlas human cDNA expression array membranes (Clontech
Laboratories, Inc., Palo Alto, CA) were used to perform high-
throughput analysis of each of the four patients’ primary and
postradiation recurrent tumor specimens to assess the effect
of radiotherapy on gene expression. Each membrane is a
positively charged nylon membrane on which 588 human
cDNAs are immobilized. The cDNAs are grouped into nine
categories on each membrane: 1) oncogenes and tumor sup-
pressor genes, 2) cell-cycle control proteins, 3) modulators/
effectors/intracellular transducers, 4) stress response pro-
teins, 5) apoptosis-associated proteins, 6) DNA synthesis/
repair/recombination proteins, 7) DNA-binding proteins/
transcription factors, 8) cell receptors and cell surface
antigens, and 9) extracellular cell-signaling proteins.

cDNA synthesis and hybridization
32P-labeled cDNA was synthesized from total RNA isolated

from both primary tumor specimens and postradiation recur-
rent tumor tissue by reverse transcriptase in the presence of
[a-32P]deoxyadenosine triphosphate. In brief, 10 mg of total
RNA was denatured at 75°C for 10 minutes in the presence of
8 pmol of deoxythymidine mixture. After the denaturation
step, cDNAs were synthesized by incubation at 42°C for 45
minutes in a master mixture containing 3 ml of deoxynucleo-
side triphosphate, 5 ml of [a-32P]deoxyadenosine triphosphate
(3000 Ci/mmol; NEN Life Science Products, Boston, MA), and
1600 U of Moloney murine leukemia virus reverse transcrip-
tase (GIBCO/BRL, Rockville, MD). The reaction was termi-
nated by heating for 15 minutes at 70°C, and unincorporated
nucleotides were removed by spin column purification
(Chroma Spin-200; Clontech). For each reaction, 2 3 107 cpm
were incorporated into the final product. After purification,
labeled cDNAs were denatured by boiling for 5 minutes, and
they were then hybridized to Atlas human cDNA array blots
(Clontech) in 10 ml ExpressHyb hybridization solution (2 3
106 cpm/ml) (Clontech). Membranes were prehybridized at
68°C for at least 1 hour before probe addition. Hybridization
was performed at 68°C in a rolling bottle overnight. After two
washes with 23 standard sodium citrate (SSC) (0.30 mol/L
NaCl, 30 mmol/L sodium citrate, pH 7.0) and 0.1% sodium
dodecyl sulfate (SDS) at 68°C for 20 minutes, the membranes
were washed twice in 0.13 SSC (0.15 mol/L NaCl, 0.015
mol/L sodium citrate, pH 7) and 0.5% SDS for 30 minutes per
wash at 68°C. Membranes were then exposed to BioMax x-ray
film (Kodak, Rochester, NY) for 1 or 3 days at 270°C. The
density of each signal was determined using an ImageQuant
PhosphorImager (Molecular Dynamics, Sunnyvale, CA).

Northern blot analysis

Northern blot analysis was performed to confirm differ-
ences in gene expression between primary and postradiation

TABLE 1. Patient Profilesa

Patient
No.

Age (yr)/Sex Diagnosis
Interval
(mo)b

Radiation
Dose

1 46/M GBM 6 60 Gy
2 60/M GBM 13 60 Gy
3 69/M GBM 5 60 Gy
4 62/F GBM 5 60 Gy

a GBM, glioblastoma multiforme.
b The elapsed period of time between initial resection of the primary

tumor and resection of the recurrent tumor.
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recurrent tumors demonstrated by a cDNA microarray for
vascular endothelial growth factor (VEGF), platelet-derived
growth factor receptor b (PDGFRb), platelet-derived growth
factor receptor a (PDGRFa), and platelet-derived growth fac-
tor A (PDGF A). From each tumor sample, 20 mg of total RNA
was isolated and subjected to electrophoresis. The RNA was
transferred and ultraviolet-crosslinked to Duralon-UV nylon
membranes (Stratagene, La Jolla, CA). The blots were prehy-
bridized for 2 hours at 42°C in a mixture of 50% formamide
and 53 SSC, 103 Denhardt’s solution, 50 nmol/L Na3PO4, 1%
SDS, 10 mg/ml free acid, and degraded herring sperm DNA.
The blots were hybridized overnight at 42°C in a mixture of
50% formamide, 53 SSC, 13 Denhardt’s solution, 20 mmol/L
Na3PO4, 0.5% SDS, 5% dextran sulfate, and 20 mg/ml of
32P-labeled cDNA probe. Northern blots were hybridized se-
quentially to detect basic fibroblast growth factor (bFGF),
PDGF A, PDGFRa, PDGFRb, VEGF mRNA, and b-actin. Blots
were washed in 13 SSC/1% SDS at room temperature for 15
minutes, followed by 0.53 SSC/0.5% SDS at room tempera-
ture for 15 minutes. Blots were then washed twice in 0.13
SSC/0.1% SDS at room temperature, followed by a final wash
in 0.13 SSC/0.1% SDS for 30 minutes at 50°C. After washing,
blots were subjected to autoradiography, and band densities
were determined by using laser densitometry. The cDNA
probes used were bFGF (provided by Dr. Judith Abraham),
PDGF A (provided by Dr. Tucker Collins), PDGFRa (provid-
ed by Dr. Daniel Pope-Bowen), PDGFRb (American Type
Culture Collection, Manassas, VA), and VEGF (provided by
Dr. N. Ferrara). Probes were labeled with 32P to achieve a
specific activity of 0.5 to 1 3 109 cpm/mg DNA with an
Oligolabeling kit (Amersham, Piscataway, NJ). According to
the Duralon-UV Instruction Manual (Stratagene), this mem-
brane could be probed only seven times with reliable results.

Immunohistochemistry

Immunohistochemistry was performed using 4- to 6-mm
paraffin tissue sections of tumor specimens for an antibody
against von Willebrand factor (vWF) to assess vascular den-
sity. Slides were deparaffinized, and endogenous peroxidase
activity was blocked by incubation in 1% H2O2 in 13
phosphate-buffered saline for 30 minutes. Antigen retrieval
was performed by incubating slides in 10 mmol/L sodium
citrate, pH 6.0, at 100°C for 30 minutes. A mouse monoclonal
antibody against vWF (DAKO, Carpinteria, CA) was then
applied at a 1:250 dilution overnight at 4°C. After the slides
were rinsed with 13 PBS, a biotinylated secondary immuno-
globulin G antibody was applied for 30 minutes at room
temperature. Immunoperoxidase staining was performed us-
ing the VECTASTAIN ABC Elite kit (Vector Laboratories,
Burlingame, CA). Hematoxylin (Sigma Diagnostics, St. Louis,
MO) was used as a counterstain. Slides stained in parallel,
which were incubated with horse serum instead of primary
antibody, served as negative controls.

Microvessel count

Microvessel counts were performed as described previ-
ously (23). In brief, the blood vessels were counted in three

areas in each tumor section in 1.0 mm2 2003 microscope fields
using an Olympus BH2 microscope (Olympus Optical Co.,
Tokyo, Japan) on vWF-stained tissue sections. Vascular den-
sity was determined by calculating an average number of
vessels in the three most vascular areas. A neuropathologist
performed all microvessel counts.

RESULTS

cDNA microarrays

We assessed levels of gene expression in primary tumor
and postradiation recurrent tumor specimens from patients
who had not received chemotherapy. Of the 588 cDNA frag-
ments spotted on the Atlas human expression microarray, 172
were detectable (Fig. 1); the remaining 416 were undetectable
even after exposure to BioMax film for 72 hours. We nar-
rowed our analysis of the 172 detectable genes to the 13 genes
for which the levels of expression varied in at least two of four
patients (Table 2). As indicated in Table 2, the levels of expres-
sion in 12 of these 13 genes were decreased in the postradia-
tion recurrent tumors as compared with the primary tumors.
Of these 12 genes, two are oncogenes (angiopoietic 1 receptor
precursor, proto-oncogene r-A multidrug resistance protein),
one is a signal transduction modulator (ras-related protein
RAB-5A), and three are transcription factors (SNF2L1, DB1,
FUSE-binding protein). The remaining six genes in which
levels of expression were decreased in recurrent tumors were
either growth factors or growth factor receptors: PDGFRa,
pro-PDGFRb, VEGF, pleiotrophin precursor/osteoblast-
specific factor 1, and migration-inhibitory factor-related pro-
tein 8. Only 2 of 13 genes demonstrated higher levels of
expression in recurrent tumors as compared with primary
tumors: PDGFRa and epidermal growth factor receptor. Ad-
ditional studies using Northern blot analysis were performed
on genes that have been demonstrated to be involved in
glioma etiology and biology.

Northern blot analysis

Northern blot analysis was performed to confirm differ-
ences in gene expression between primary and postradiation
recurrent tumors demonstrated by cDNA microarray for
VEGF, PDGFRb, PDGFRa, and PDGF A. bFGF has been
strongly implicated in glioma biology, but it is not repre-
sented on the cDNA array membrane. Northern blot analysis
also was performed to assess the levels of expression of this
growth factor (Fig. 2). A marked decrease in VEGF and PDGFRb
expression in postradiation recurrent tumors as compared with
primary tumors was observed in three of four patients and in
two of four patients, respectively. In the same patients, similar
results in the expression of these genes were demonstrated by
cDNA microarray analysis. Differences in expression of
PDGFRa in primary and postradiation recurrent tumors as dem-
onstrated by Northern blot analysis also mirrored the results
from microarray analysis; mRNA levels were decreased in pos-
tradiation recurrent tumors in Patients 1 and 2, and they were
increased from primary to recurrent tumors in Patients 3 and 4.
Levels of PDGF A, as determined by Northern blot analysis,
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were increased in recurrent tumors as compared with primary
tumors in three of four patients; no difference was noted in one
patient. A significant increase in bFGF expression in postradia-
tion specimens was observed on Northern blot analysis in three
of four patients.

Microvessel count

We performed microvessel counts on 4- to 6-mm paraffin
vWF-stained tissue sections (Fig. 3) from each patient to assess
the effect of radiation on blood vessel growth in postradiation
recurrent tumors. In three of four patients, microvessel counts
were significantly lower in recurrent tumors after radiother-
apy as compared with primary tumors (Patients 1 and 3, P #
0.001; Patient 2, P # 0.005) (Table 3). Microvessel counts also
were decreased, although not significantly, in Patient 4.

DISCUSSION

In this study, we used cDNA microarray technology to
investigate the biological differences between primary tumors
and postradiation recurrent tumors after radiotherapy. This
technique permitted the screening of a large number of genes
simultaneously. The ability to assess global levels of gene
expression in primary and postradiation recurrent tumors in
parallel fashion served as a powerful comparative tool. Al-
though this analytical approach is useful in the number of
cDNAs that may be screened, the method requires more
sensitivity to lower levels of tissue mRNA. In addition, our
analysis was limited by the low quantities of mRNA available
for these studies; very few patients fit the inclusion criteria for
this study, because the overwhelming majority of brain tumor
patients receive chemotherapy as well as radiotherapy.

A variety of growth factors and their receptors that are
important for GBM development have been identified (1, 5,
11, 13, 15, 24, 25). These include proteins such as endothelial
growth factor, bFGF, and VEGF, which not only can promote
neoplastic growth (20) but also may play significant roles in

FIGURE 1. Expression patterns of genes in primary GBM (A)
and postradiation recurrent GBM tissue (B) of Patient 3. Differ-
ential hybridization of two identical human cDNA expression
arrays was performed as described in Patients and Methods. A,
the expression array membrane hybridized with cDNA from
primary GBM. B, the expression array membrane hybridized
with cDNA from postradiation recurrent GBM in the same
patient. Classes of genes and selected individual genes on the
membranes are indicated. The expression of housekeeping
genes such as ubiquitin and b-actin served as control. 1, onco-
genes and tumor suppressors; 2, cell-cycle control proteins; 3,
modulators/effectors/intracellular transducers; 4, stress response
proteins; 5, apoptosis-associated proteins; 6, DNA synthesis/
repair/recombination proteins; 7, DNA-binding proteins/
transcription factors; 8, cell receptors and cell surface antigens;
and 9, extracellular cell-signaling proteins. EGFR, epidermal
growth factor receptor; PDGFR-a, platelet-derived growth fac-
tor receptor a; PDGFR-b, platelet-derived growth factor recep-
tor b; VEGF, vascular endothelial growth factor; PDGF-A;
platelet-derived growth factor A.

TABLE 2. Selected Genes That Were Differentially Expressed
in at Least Two of Four Patients

Gene Decrease Increase

Angiopoietin 1 2/4
Proto-oncogene r-A multidrug

resistance protein
3/4

Ras-related protein RAB-5A 2/4
Protein-tyrosine phosphatase z

precursor
2/4

Global transcription activator
SNF2L1

2/4

Putative transcription activator DB1 2/4
FUSE-binding protein 2/4
Platelet-derived growth factor

receptor a
2/4 2/4

Platelet-derived growth factor
receptor b precursor

2/4

Heparin-binding vascular
endothelial growth factor

3/4

Pleiotrophin precursor 1
osteoblast-specific factor 1

2/4

Migration-inhibitory factor-related
protein 8

2/4

Epidermal growth factor receptor 2/4
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the outcome of radiotherapy. It has been demonstrated that
ionizing radiation can activate genes encoding certain cyto-
kines such as tumor necrosis factor a, transforming growth
factor b, interleukin-1, and VEGF (6, 10). Secreted proteins
also may modify cells’ responsiveness to radiation therapy.
For example, interleukin-1 has been demonstrated to be ra-
dioprotective, whereas tumor necrosis factor a seems to pro-
tect normal tissues and enhance the effects of radiation on
neoplastic cells (7, 8, 10, 14). In animal models, a cascade of
acute changes in cytokine gene expression has been reported
after irradiation of the lung, brain, and other organs (3, 12, 18).

Although the data support cytokine involvement in normal
and tumor tissue acutely after radiation, the long-term effects
of radiotherapy on the specific profiles of these factors and
their receptors in recurrent tumors after radiotherapy, as well
as their particular roles in radioresponsiveness, are poorly
understood. We focused our attention on a particular subset
of molecules implicated in glioma angiogenesis and/or pro-
liferation, and we investigated their gene expression in pri-
mary and postradiation recurrent tumors after radiotherapy.
Growth factors secreted by GBMs may exert their effects on
tumor growth by interacting with receptors on the same cell
in an autocrine fashion or by binding receptors on adjacent
cells of the same or a different cell type in a paracrine loop.

Autocrine loops represent a method of directly stimulating
tumor cell growth and producing growth factor receptors that
are activated constitutively in the absence of a ligand. Para-
crine loops may mediate the recruitment of new blood vessels
or immune responses. Receptors for this class of ligand have
been identified on endothelial cells contained within the tu-
mor parenchyma (1, 5, 11, 15). The binding of tumor cell-
derived paracrine growth factors on endothelial cells has been
demonstrated to induce endothelial cells within the tumor to
secrete growth factors, which provides an additional method
to stimulate tumor growth.

FIGURE 2. A, Northern blot analysis of growth factors. To
assess primary (P ) and recurrent (R ) GBM-specific gene
expression patterns, RNA was isolated from primary and
recurrent GBM. For loading control, the same membranes
were rehybridized with b-actin cDNA. B, the expression of
specific genes in postradiation recurrent tumor as compared
with primary tumor and as measured by densitometry. BFGF,
basic fibroblast growth factor; PDGFR a, platelet-derived
growth factor receptor a; PDGF A; platelet-derived growth
factor A; VEGF, vascular endothelial growth factor; PDGFR
b, platelet-derived growth factor receptor b; kb, kilobases.

FIGURE 3. Immunohistochemistry of vWF for microvessel
counts in primary tumor (A) and postradiation recurrent
tumor (B ) specimens showing representative tumor vascula-
ture (original magnification, 3100).

TABLE 3. Microvessel Counts (Standard Errors)

Patient No.

1 2 3 4

Primary tumor 196.0 6 12.1 60.7 6 1.2 80.7 6 2.3 87.0 6 4.7
Recurrent tumor 66.0 6 11.6a 22.0 6 4.9b 15.0 6 2.6a 70.3 6 3.9

a P # 0.001.
b P # 0.005.
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Among the four patients studied, the average time of re-
currence after radiotherapy was 7.25 months, which allowed
us to investigate long-term rather than acute effects of radia-
tion on the expression of particular genes in malignant glio-
mas. Of interest, growth factors and/or receptors that exert
their biological effects in a paracrine fashion were associated
with decreased levels of expression in recurrent postradiation
tumors as compared with primary tumors. In three of four
patients, VEGF levels as determined by cDNA microarray and
Northern blot analysis were decreased in recurrent tumors as
compared with primary tumors. In two of four patients,
cDNA microarray analysis demonstrated that the expression
of PDGFRb decreased from primary to recurrent tumors and
was unchanged in the remaining patients. Northern blot anal-
ysis revealed that PDGFRb levels decreased in three of four
patients, and the levels of expression remained the same in
primary and postradiation recurrent tumors in one patient.

Although paracrine factors such as VEGF and PDGFRb
demonstrated decreased levels of expression in tumor speci-
mens after radiotherapy, proteins that participate in autocrine
loops were associated with increased levels of expression in
postradiation recurrent tumors as compared with primary
tumors. Northern blot analysis revealed that PDGF A, which
was undetectable by cDNA microarray analysis, was up-
regulated in postradiation recurrent tumors in three of four
patients, as was bFGF. PDGFRa also was up-regulated in two
of four patients as demonstrated by Northern blot and cDNA
microarray analysis. Furthermore, epidermal growth factor
receptor, which has been strongly implicated in GBM patho-
genesis, was expressed more strongly in postradiation recur-
rent tumors, with levels of expression that were increased in
two of four patients and unchanged in the remaining two
patients.

CONCLUSION

The differences in microvessel density between primary
and postradiation recurrent tumors mirrored the decreased
expression of paracrine-acting growth factors. In all patients,
microvessel count was decreased. Taken together, these data
suggest that radiotherapy of primary GBMs is capable of induc-
ing long-term changes in the expression of particular genes.
Furthermore, our results suggest that although autocrine- and
paracrine-acting growth factors are intact in the primary tumor,
they are differentially affected by radiotherapy. In recurrent
tumors after radiotherapy, proteins participating in autocrine
loops were up-regulated, indicating growth and proliferation of
radioresistant tumor cells. However, paracrine factors were
down-regulated or unchanged, which may be explained by a
concomitant decrease in a sizable fraction of tumor along with
vulnerable endothelial cells. Consistent with a down-regulation
of paracrine factors such as VEGF and PDGFRb in recurrent
tumors, microvessel growth, a process fueled by intratumoral
paracrine action, also was significantly reduced. Therefore, re-
currence and the clinical response to radiation in GBMs may be
determined, at least in part, by tumor-derived cytokines that
enhance growth in an autocrine manner, as well as by intrinsic
tumor radiosensitivity.
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COMMENTS

In this article, gene expression in glioblastoma was examined
using microarray technology. Four tumors were examined, and
each tumor was examined twice after treatment with radiation
therapy (once at presentation and once at recurrence). Although
it is rather impressive to use arrays containing 588 complemen-
tary deoxyribonucleic acids (cDNAs), these arrays are actually
somewhat outdated in that arrays with 10,000 and even 20,000
cDNAs are now available. The stated goal of this technology is to
develop an array containing all of the genes in the human
genome.

The authors have demonstrated an alteration in gene ex-
pression in the tumor samples before and after radiation.

These results occurred in two or three of the tumors, but never
in all four. The authors suggest that these changes are caused
by radiation therapy. Unfortunately, this conclusion is not
entirely warranted. Because gene expression by individuation
cells in a glioblastoma is heterogeneous, it might be thought
that the radiotherapy-resistant cells that survive radiation
therapy are simply a subpopulation of cells with different
gene expression from the tumor as a whole. Therefore, radi-
ation therapy would not cause alterations in gene expression;
rather, it would select for cells that have a specific pattern of
gene expression.

In addition, the ribonucleic acid isolated for analysis comes
from all the cells present in a sample. Clearly, the cells in the
initial tumor and the cells in the postradiation tumor will be
different because the stroma cells will have changed. The
authors have demonstrated a decrease in the vascular endo-
thelium in the recurrent tumors. If some of the genes detected
were expressed by the vascular endothelium but not by the
tumor cells, then one certainly would expect a decrease in the
expression of these genes simply on the basis of the decrease
in vascular endothelium in the sample.

The authors have used cutting-edge technology to ask in-
teresting questions regarding glioblastoma and the effects of
radiation therapy. A larger number of tumors must be inves-
tigated before firm conclusions can be drawn.

Corey Raffel
Rochester, Minnesota

The authors have used cDNA expression microarrays to
assess the effects of radiotherapy on gene expression in glio-
blastoma multiforme. In the four patients studied, they found
that radiotherapy acts differently on paracrine- and autocrine-
acting growth factor loops. We are just beginning to realize
the power of testing tissue samples and control patients with
cDNA expression microarrays. The importance of control se-
lection for the tumor or treatment groups analyzed is becom-
ing very clear. In this study, the authors used tissue obtained
before and after radiation therapy. Understandably, there was
no preestablished protocol. All patients received the same
dose of radiation therapy, but the interval until resection of
the recurrent tumors differed. It would be interesting to know
whether the length of time from radiation therapy influences
the results of the profile from the cDNA expression microar-
rays. During the next 12 months, a large number of studies in
the neurosurgical literature will use this technology.

James T. Rutka
Toronto, Ontario, Canada

Joki et al. studied alteration of gene expression in glioblas-
toma after irradiation using cDNA microarrays and Northern
blot analysis. They found that after radiotherapy for glioblas-
toma, levels of expression of paracline-acting growth factors
such as vascular endothelial growth factor and platelet-
derived growth factor receptor b are decreased with the re-
duction in vascular density. However, levels of expression for
growth factors participating in autocrine loops, such as
platelet-derived growth factor receptor a, platelet-derived
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growth factor receptor A, and basic fibroblast growth factor,
were increased in postradiation recurrent tumors as com-
pared with the primary tumor.

It is our clinical experience, as well as that of others, that
recurrent glioblastomas are different from primary tumors
with regard to growth behavior and response to therapy. It
has been speculated that postoperative radiotherapy and che-
motherapy induce genetic alterations in the tumor. It also has
been suggested that radiotherapy facilitates malignant trans-

formation of low-grade gliomas. This study beautifully dem-
onstrates that radiotherapy is responsible for the biological
alteration of glioblastomas. Although difficult to carry out,
this type of study is important to understanding the patho-
physiology of recurrent glioblastoma and improving the treat-
ment of this malignant tumor.

Yukitaka Ushio
Kumamoto, Japan
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