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Thrombospondins (TSPs) are angiostatic factors in various cancers. However, the signi®cance of

TSPs has not been well characterised in glioma. We examined TSP1, TSP2 and vascular endothelial

growth factor (VEGF) gene expression by reverse transcription±polymerase chain reaction (RT±PCR)

in 37 gliomas. Thirty of the 37 glioma specimens showed VEGF gene expression. Eighteen of the 37

gliomas expressed the TSP1 gene. Seven gliomas lacked TSP2 gene expression, while the other 30

expressed TSP2. The lack of TSP2 gene expression was signi®cantly associated with higher histological

grade (Fisher's test, P = 0.0019) and increased vessel counts and density (Student's t-test, P < 0.0001),

while there were no correlations between TSP1 and VEGF gene expression and clinicopathological

features. These results indicate that the lack of TSP2 gene expression is a potent factor for enhance-

ment of angiogenesis in glioma. # 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Glioblastoma multiforme (GBM) is characterised by rapid

growth, intense angiogenesis, vascular malformations and

poor survival rate. The progressive growth of glioblastoma is

thought to be dependent on angiogenesis [1]. Angiogenesis is

regulated by the local balance between various molecules that

induce and suppress neovascularisation. In the micro-

environment around glioma, this balance shifts from neutral

to angiogenic conditions. Certain angiogenic factors might be

secreted from gliomas, and induce a vigorous angiogenic

response overcoming local inhibitors.

Thrombospondin (TSP) is a high molecular weight multi-

functional glycoprotein that is an important component of

the extracellular matrix. This molecule was ®rst described as

a product of platelets, released from the alpha granules in

response to activation of thrombin [2, 3]. The inhibitory

properties of TSP on angiogenesis have been well char-

acterised [4±6]. Genetically, ®ve subtypes of TSP, i.e. TSP1,

TSP2, TSP3, TSP4 and cartilage oligomeric matrix protein,

have been identi®ed [7±9]. Of the ®ve structurally diVerent

TSPs, TSP1 and TSP2 show similar molecular architecture

and inhibitory properties against angiogenesis [10±12]. TSP1

has been implicated in tumour progression in various cancer

cell lines, whilst a human breast carcinoma cell line trans-

fected with TSP1-cDNA showed reduced tumour growth,

metastatic potential and angiogenesis [4]. Recently, TSP1

overexpression has been reported to inhibit angiogenesis in

xenografts of human glioblastoma cell lines [13]. We pre-

viously reported that TSP2 expression was correlated with

decreased vascularity in lung and colon cancer specimens

[14, 15]. However, the cell biological behaviour and expres-

sion pattern of TSPs have not been well characterised in pri-

mary glioma.

In this study, we evaluated the expression of the angiostatic

factors TSP1, TSP2 and angiogenic factor vascular endothe-

liel growth factor (VEGF) genes in 37 glioma specimens. The

signi®cance of the local balance of these factors with regard to

vascularisation in glioma is also discussed.

MATERIALS AND METHODS

Tissue samples

Tissue samples were obtained from 37 glioma patients (10

females and 27 males, mean age 44 years) who underwent

surgical resection between October 1990 and December 1996,

at Tokai University Hospital. All gliomas were examined
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under the microscope by two pathologists and classi®ed

according to WHO criteria [16]. There was one pilocytic

astrocytoma, four ®brillary astrocytomas, one protoplasmic

astrocytoma, one mixed oligoastrocytoma, 13 anaplastic

astrocytomas and 17 GBMs. Surgical specimens were rapidly

frozen and stored at ÿ 80�C until analyses. Total cellular

RNA was prepared from frozen specimens. These tumour

specimens were also ®xed with 10% formalin for immuno-

histochemical examination.

TSP1, TSP2 and VEGF gene expression

We evaluated TSP1 and TSP2 gene expression by reverse

transcription±polymerase chain reaction (RT±PCR) using the

following sets of speci®c primers: TSP1 sense primer, 5-

ACCGCATTCCAGAGTCTGGC-3 (Th1-S); TSP1 anti-

sense primer, 5-ATGGGGACGTCCAACTCAGC-3 (Th1-

A); TSP2 sense primer, 5-CTGTGTCAACACTCAGCCT-

GGC-3 (Th2-S); TSP2 antisense primer, 5-TCCTTCTC-

ATCGGTCACACCG-3 (Th2-A). Reverse transcription was

performed at 42�C for 60 min (1mg total cellular RNA;

100 pM random primers, 40 U reverse transcriptase,

GIBCO-BRL, Maryland, U.S.A.). DNA fragments were

ampli®ed by 30 rounds of PCR (denaturation at 94�C for

1 min, annealing at 60�C for 1 min, extension at 72�C for

2 min; Gene Amp PCR System 9600, Perkin Elmer, Cali-

fornia, U.S.A.) and Taq DNA polymerase (1.3 U, Toyobo,

Osaka, Japan). RT±PCR ampli®ed a 492 bp fragment of

TSP1 cDNA and a 433 bp fragment of TSP2 cDNA. Blots

(Zeta-Probe, BIO-RAD, California, U.S.A.) were hybridised

with photochemically labelled TSP1-/or TSP2-speci®c cDNA

probes (ECL; enhanced chemiluminescence, Amersham,

Buckinghamshire, U.K.), and exposed to Kodak AR ®lm.

The quality of the sample RNA was also estimated by RT±

PCR for b2-microglobulin.

We evaluated the expression of VEGF mRNA by RT±PCR

according to the previously described procedure [17]. We

also con®rmed the pattern of VEGF mRNA isoforms.

Human glioblastoma xenografts

Three xenografts were established from the 17 GBMs and

maintained by serial subcutaneous transplantation in severe

combined immune de®ciency (SCID) mice (Clea Japan,

Tokyo, Japan; 10±20 passages). We obtained xenografts from

mice sacri®ced under deep anaesthesia. No signi®cant mor-

phological diVerences were observed between xenografts and

primary tumours.

Vascularisation in glioma

We evaluated vascularisation in glioma according to the

previously described procedure [14, 15]. Formalin-®xed,

paraYn-embedded sections of the glioma tissue were exam-

ined immunohistochemically with mouse antihuman CD34

monoclonal antibody (NCL-end, Novo Castra, Newcastle

upon Tyne, U.K.). After blockage of endogenous peroxidase

activity (methylalcohol, 3% H2O2) and non-speci®c binding

(10% normal goat serum), the specimens were incubated

with anti-CD34 antibody (1:20) at room temperature for

60 min. Sections were serially incubated with biotin-labelled

antimouse IgG (Nichirei, Tokyo, Japan) and horseradish

peroxidase-conjugated streptavidin (Nichirei).

Immunoreaction products were visualised with 3,30-
diaminobenzidine and H2O2. Light microscopy was used to

identify two regions within or immediately adjacent to the

cancer containing the highest number of vessels. The micro-

vessel counts and densities were evaluated at �200 magni®-

cation (�20 objective and �10 ocular, 0.739 mm2/®eld)

using a computerised image analyser (Interactive Build Ana-

lysis System, Carl Zeiss, Jena, Germany).

Statistical analysis

DiVerences in survival between subgroups of patients were

compared with the log-rank test and survival curves were

plotted according to the method of Kaplan and Meier. The w2

test or Fisher's exact test was applied for comparisons between

group frequencies. DiVerences in mean vessel counts and

density among the groups were analysed by Student's t-test.

RESULTS

TSP1, TSP2 and VEGF gene expression

Eighteen of the 37 glioma specimens examined expressed

TSP1, and all of 18 specimens were also positive for TSP2

gene expression (Figure 1a and b). TSP2 gene expression was

detected in 30 of the 37 specimens. Seven glioma specimens

lacking TSP2 gene expression were also negative for TSP1

gene expression.

Thirty of the 37 glioma specimens showed VEGF gene

expression (81%). The isoform patterns were classi®ed into two

groups: VEGF121, and VEGF121 + VEGF165 + VEGF189.

Five of the 37 glioma specimens expressed VEGF121 alone

(14%), and 25 gliomas were positive for VEGF121,

VEGF165 and VEGF189 (68%). None of the gliomas

examined showed VEGF206 expression.

Correlation between VEGF and TSP gene expression and WHO

grade

Expression of the TSP2 gene was signi®cantly correlated

with lower WHO grade (grade 1±3; 20/30) (Fisher's test,

P = 0.0019) as compared with gliomas lacking TSP2 (grade

1±3; 0/7). However, TSP1 gene expression was not

Figure 1. Examples of TSP1 and TSP2 gene expression in
glioma: (a) TSP1 expression was detected by reverse tran-
scription±polymerase chain reaction (RT±PCR) with primers
Th1-S and Th1-A, yielding a 492 bp speci®c fragment. (b)
TSP2 expression was detected by RT±PCR with primers Th2-S
and Th2-A, yielding a 433 bp speci®c fragment. (c) �2 micro-
globulin (�2m) gene expression was evaluated to qualify RNA

samples.
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apparently correlated with any WHO grade (Table 1). VEGF

gene expression including isoform pattern did not show any

correlations with WHO grade.

Expression of VEGF and TSP in xenografts

One of the three xenograft specimens expressed TSP1. All

the specimens (3/3) were positive for TSP2 and VEGF gene

expression. The isoform pattern was VEGF121 + -

VEGF165 + VEGF189 for all the specimens. The expression

pattern of VEGF and TSPs in xenograft tumours was iden-

tical to those of primary specimens.

Vascularisation and VEGF and TSP gene expression

The mean vessel count in gliomas expressing TSP2 tran-

scripts was 15.9 � 5.9/�200 ®eld (range 8±32); that in glio-

mas lacking TSP2 expression was 65.3 � 25.1/�200 ®eld

(range 29±118). The mean vessel density in gliomas expres-

sing TSP2 transcripts was 4.5 � 1.1%/�200 ®eld (range 0.3±

4.7), whilst that in those without TSP2 expression was

9.0 � 1.4%/�200 ®eld (range 2.7±22.6). The diVerences were

signi®cant between these two groups for vessel counts

(P < 0.0001, Student's t-test) and vessel densities

(P < 0.0001, Student's t-test) (Figure 2, Table 2). There were

no correlations between TSP1 expression and any histological

feature of glioma (Table 1). Neither VEGF gene expression

nor isoform pattern showed any correlation with the degree of

vascularisation.

Correlation between clinical characteristics and VEGF and TSP

gene expression

According to the pre-operational estimation, 20 patients

demonstrated increased vascularity around the tumours by

brain angiography and 8 patients revealed recurrence during

the follow-up period. We used `vessel increase' to indicate

radiological features.

2 of 8 (25%) recurrent patients showed TSP1 expression,

whereas 13 of the 29 recurrence free patients (45%) did not

express this gene (P > 0.05, Fisher's test, Table 1). 5 of 8

(63%) recurrent patients showed TSP2 expression, whereas 4

Table 1. Univariate analysis of the associations between TSP gene

expression and tumour characteristics

TSP1 TSP2

+ ÿ P value + ÿ P value

Sex 0.17 1

Male 14 13 22 5

Female 4 6 8 2

Age 0.64 1

<60 12 14 21 5

�60 6 5 9 2

Grade 0.51 0.0019*

1±3 11 9 20 0

4 7 10 10 7

Vessel increase 0.75 0.10

Yes 9 11 14 6

No 9 8 16 1

Recurrence 0.23 0.16

Yes 2 6 5 3

No 16 13 25 4

*TSP2 expression was signi®cantly correlated with histological grade

in glioma (P = 0.0019, Fisher's exact test). `Vessel increase' was used

to indicate an increased number of vessels around the tumour, by

brain angiography, and recurrence was used to indicate the number

of patients who recurred during the follow-up period.

Figure 2. Vascularisation in gliomas was shown by CD34
immunostaining. (a) Glioblastoma multiforme (TSP2ÿ)
showed increased vascular density. (b) Low grade astrocytoma

(TSP2+) showed lower vascular density (x 131).
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of the 29 recurrence free patients (14%) did not express this

gene (P > 0.05, Fisher's test, Table 1).

9 of 20 (45%) patients with `vessel increase' showed TSP1

expression, while 8 of 17 (47%) patients without `vessel

increase' did not express this gene (P > 0.05, w2 test, Table 1).

14 of 20 (70%) patients with `vessel increase' showed TSP2

expression, while 1 of 17 (6%) patients without `vessel

increase' did not express this gene (P > 0.05, Fisher's test,

Table 1). There was also no correlation found between

VEGF expression and clinical characteristics.

DISCUSSION

The prognostic signi®cance of neovascularisation in solid

neoplasms has been demonstrated in several kinds of tumours

including malignant melanoma, breast, prostate, bladder,

stomach and non-small cell lung cancer [18±23]. The rele-

vance of angiogenesis and vascularity to the progression and

malignancy of glioma is a major focus of current research.

These phenomena are thought to be regulated and controlled

by the local balance between inducing and suppressing factors

produced in the glioma. TSPs are well known to be negative

angiogenic or angiostatic factors, while the roles of TSP1 and

TSP2 have not been well characterised in glioma in vivo.

In this study, we demonstrated a signi®cant correlation

between lack of TSP2 transcripts and increased vascularisa-

tion in glioma. TSP1 gene expression did not show any sig-

ni®cant correlation with histological grade or vascularity of

glioma. These results are similar to those of our previous

studies in that TSP1 gene expression showed no signi®cant

correlations with vascularity in colon cancer [15] or non-

small cell lung cancer [14], while stromal angiogenesis was

correlated with TSP2 gene expression in these cancers. These

results suggest that TSP2 gene expression might be an

important factor for neovascularisation in human glioma.

We also con®rmed the preserved expression of the TSP2

gene in human glioblastoma xenografts, in which stromal

elements were replaced by the host SCID murine tissue

(data not shown). Certain glioblastoma cells expressed the

TSP2 gene, while it is still unclear whether the neoplastic cells

or stromal cells predominantly express TSP2. Further ana-

lyses are required of the localisation of cells producing TSP2

in glioma. We are now preparing an antihuman TSP2

antibody to estimate the localisation of TSP2 protein in

glioblastoma.

VEGF has been suggested to be a potent factor positively

regulating the angiogenesis in glioma [24±26]. VEGF gene

expression of astrocytic tumours was upregulated with

increasing grade of malignancy [27]. We analysed gene

expression and isoform pattern of VEGF mRNA by RT±

PCR. VEGF was expressed in 81% (30/37) of the glioma

specimens examined and the isoform patterns of VEGF were

varied (VEGF121, 14%, 5/37; VEGF121 + VEGF165 + -

VEGF189, 68%, 25/37). No signi®cant correlations were

apparent between the expression and isoform pattern of

VEGF and the histological grade or vascularity in glioma. We

previously reported that cell-associated VEGF189 isoform

was correlated with malignant progression of colon cancer

[17] and non-small cell lung cancer [28]. However, we did

not ®nd such correlations in glioma. Stromal vascularisation

which may support tumorigenicity can arise in a stepwise

manner in response to both a decrease in the secretion of

inhibitors and the sequential upregulation of the secretion of

inducers of angiogenesis [29, 30]. However, no close correla-

tion was apparent between TSP2 and VEGF expression in

glioma (data not shown). These results suggest that TSP1

and TSP2 gene expression are independent of VEGF expres-

sion in human glioma.

We demonstrated that lack of TSP2 transcripts (19%, 7/37)

was signi®cantly correlated with histological grade IV of

glioma. Higher grades of glioma are known to be the most

vascularised tumours among human malignancies. This sug-

gests that the angiogenic properties of glioma cells tend to be

more aggressive in accordance with progression of grade via

reductions in levels of angiostatic factor TSP2. This result is

consistent with previous studies indicating that TSP2 gene

expression is signi®cantly correlated with progression of non-

small cell lung cancer [14] and colon cancer [15]. The prog-

nostic relevance of TSP2 gene expression is not yet clear, and

prospective analyses in patients with glioma are required.

This study demonstrated that the major angiostatic factor

in glioma was TSP2. The identi®cation of TSP2 as an

intrinsic angioinhibitory product of glioma may be a useful

marker for prognostic evaluation. Angioinhibitory molecules

mimicking TSP2 function will be potential candidates for

therapeutic use in glioma.
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