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Figure 4. Conventional MRI and 3DAC of Case 7 at recurrence. (a) Gd-T1WI shows markedly enhanced mass suggesting recurrent glioblastoma
in the anterior corona radiata, corresponding to the slightly darkened area in Figure 3C (arrow). (b) Recurrent glioblastoma shown as

enhancement on Gd-T1W] appears black on 3DAC (arrow).

differences were found in Group A, B or D, whercas FA
value was significantly lower for the responsible tract
than for the non-pathological tract in Group C
(Table 3).

Estimations of hemiparesis

Degree of preoperative hemiparesis varied from stage 4
to 5 in Group A, stage 2 to 5 in Group B, stage 3 to Sin
Group C and stage 1 to 5 in Group D (Table 1). Al-
though hemiparesis before surgery tended to be more
likely to be mild in Group A than in the other groups,
no significant differences were identified between groups
when hemiparesis was compared using the Kruskal-
Wallis test (P = 0.5). In addition, no significant differ-
ences in postoperative hemiparesis among the four
groups were identified using the Kruskal-Wallis test
(P = 0.07). When limited to 12 patients who underwent
either total or subtotal removal, improvement of hemi-
paresis after surgery was seen in two of the four patients
in Group A, one of the three patients in Group B and all
two patients in Group D. Hemiparesis did not deterio-
rate in any patient after surgery in these three groups. In

contrast, no patients in Group C experienced improved
hemiparesis after surgical intervention, and deteriora-
tion was observed in two of the three patients. Never-
theless, no significant differences in frequency of
improvement were identified among the four groups
using the % test for independence (P =0.16). In the
same 12 patients mentioned above, degree of hemipa-
resis before and after surgery was compared between
seven patients in Group A or B and three patients in
Group C, using the Mann—-Whitney U-test. No signifi-
cant difference in degree of hemiparesis before surgery
was identified between Group A /B and Group C

Table 3: Comparison of FA values between non-pathological and
responsible tracts for each group

Group FA value (mean + SD)

Non-pathological tract Responsible tract P
A 0.66 + 0.08 0.63 + 0.08 0.09
B 0.63 + 0.09 0.55 + 0.13 0.14
C 0.64 + 0.11 0.34 £ 0.17 0.01
D 0.63 + 0.20 0.50 + 0.05 0.42

Figure 5. MR images and 3DAC in Case 18. (A) Gd-TIWI shows a huge glioblastoma in the right frontal lobe. Neither PDWI (B) nor 3DAC (C)
revealthe corona radiata, due to the presence of a huge tumor. Whether the corona radiata was not apparent due to heavy compression or

invasion of tumor bulk was unclear,
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(P =0.7), while degree of hemiparesis after surgery in
Group A/B was significantly milder than in Group C
(P =0.02).

Discussion

In the present study, 3DAC allowed clear depiction of
the pyramidal tracts of the non-pathological side in all
patients. These findings confirm previous reports that
3JDAC offers a reliable technique for visualizing the
pyramidal tracts [18,20]. The 3DAC demonstrated
various findings in responsible pyramidal tracts. When
PDWTI clearly showed the responsible tracts without
hyperintense foci, 3DAC findings also demonstrated
fine detail of the responsible tracts without any change
in color, as with Case 17 in Group A (Figure la—c).
Furthermore, all patients in Group A presented with
mild preoperative hemiparesis of stage 4 or 5, although
no significant difference between degree of preoperative
hemiparesis in Group A and the other groups was
noted. When symptoms appear due to expansion of
glioma, the more malignant peripheral areas of the
tumor invade into dense fibers, such as the pyramidal
tract. The tumor initially grows faster in one direction,
as a result of fiber density, and disrupts the fibers in
the next stage [29]. Results of PDWI, 3DAC and de-
gree of hemiparesis suggest that pyramidal tracts in
Group A patients did not appear to be disrupted by
tumor, even if invasion to the pyramidal tract had
occurred. The finding that mean FA value of the
responsible tract for Group A did not differ signifi-
cantly from that of the contralateral side might support
this possibility that the tract is not disrupted (Table 3).
Thus, 3DAC might not offer any advantages for
evaluating condition of the pyramidal tract in patients
for whom the responsible tract can be clearly visualized
on PDWI.

When PDWI showed hyperintense foci in the
responsible pyramidal tract, 3DAC demonstrated the
responsible tract either as showing no change of color
compared with the contralateral side, such as Case 10
in Group B (Figure 2c), or as showing darkness, like
Case 7 in Group C (Figure 3c). Findings of obscured,
dark areas in the pyramidal tract on 3DAC have been
observed in patients with cerebral infarction. Cyto-
toxic edema, axonal swelling and Wallerian degener-
ation, all of which are seen in ischemic lesions and
diffuse axonal injuries [30-32], have been suggested as
hindering water diffusion, thereby creating darkened
areas in the pyramidal tract on 3DAC [20,33]. In
contrast, most edema surrounding a tumor, which
predominantly comprises extracellular edema, should
isotropically accelerate water diffusion, as extracellular
edema leads to increased amounts of interstitial water
[34,35]. The present study suggests that widespread
hyperintense foci surrounding a tumor on PDWI re-
sult from extracellular edema rather than tumor
invasion, as either no or only faint color change was
apparent on 3DAC (Figures 2¢c and 3c, arrowheads).
High cellular and/or nuclear densities have been rec-
ognized a factor hindering water diffusion [36-38]. In

fact, tumor bulks displaying high cellular density are
shown as areas of darkness on 3DAC in the present
study. Conversely, we believe that darkened regions in
the responsible tract of patients with glioblastoma
resulted from a large obstruction to water diffusion
due to invasion by tumor cells. Mecan FA of the
responsible tract for Group C was significantly de-
creased from that of the non-pathological side (Ta-
ble 3). This finding does not directly indicate high
cellular density, but suggests that the responsible tract
has been largely destroyed. by tumor invasion. As
shown in Case 7, a dark lesion progressed on 3DAC,
corresponding to a finely enhanced recurrent mass on
Gd-TIWI (Figure 4a, b). This observation might also
support our hypothesis that a darkened area on
3DAC is induced by tumor invasion. Furthermore,
this finding suggests that 3DAC can predict infiltra-
tion of tumor cells into the pyramidal tract earlier
than Gd-TIWI can. However, the responsible tract in
Group B patients displayed coloration without dark-
ness on 3DAC. No significant difference in mean FA
existed between the responsible and non-pathological
tracts, although mean FA of the responsible tract
tended to be slightly lower than that of the non-
pathological tract (Table 3). These findings suggest
that the responsible tract in Group B patients was not
heavily invaded or destroyed by tumor, unlike Group
C. The finding of improved hemiparesis after mass
reduction in one patient in Group B, compared to no
patients in Group C, might support our speculation. If
a hyperintense focus surrounding glioblastoma spreads
to the pyramidal tract in conventional MRI on pa-
tients with hemiparesis, clinicians would hesitate over
whether the pyramidal tract has been disrupted by
tumor invasion. Degree of hemiparesis might not offer
a predictor of pyramidal tract condition, because de-
gree of hemiparesis before surgery did not differ sig-
nificantly among the four groups. We believe that
3DAC may prove useful for examining hyperintense
foci surrounding glioblastoma that have spread to the
pyramidal tract on PDWL

In Group D, we were unable to speculate on the
condition of the responsible tract, as the tract was ab-
sent on 3DAC. FA value and improvement of hemipa-
resis after a mass reduction may lead to the speculation
that the responsible tracts in Group D patients have not
been largely destroyed by tumor invasion. However,
3DAC does not offer a predictor of pyramidal tract
condition when the tract is not observed such as in
Group D.

The present study is limited with regard to interpre-
tations of 3DAC images. We did not undertake histo-
logical observations of responsible pyramidal tracts, and
thus the amount of tumor cell invasion required for the
responsible tract to become abnormally dark as in
Group C remains unclear. If we assume that the
responsible tracts of both Groups A and B were invaded
by tumor cells, a greater degree of invasion may be
present in Group B than in Group A, as PDWI revealed
hyperintense foci in Group B. Again, the real differences
causing these varying results remain unclear. Histolog-
ical investigations into correlations between degrees of



cellular density, fiver destruction, hyperintensity on
PDWI and color on 3DAC are warranted.

Conclusion

No previous reports have revealed that 3DAC findings
allow suggestions as to the status of the pyramidal tract
adjacent to glioblastoma. Our findings suggest that
3DAC imaging is useful for evaluating condition of the
pyramidal tract, in terms of potential extensive
destruction by tumor invasion, when hyperintense foci
surrounding the tumor spread to the pyramidal tract on
conventional MRI for glioblastoma patients with hem-
iparesis. Use of 3DAC with DWI will likely offer a
feasible option for preoperative examination in glio-
blastoma patients.
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Abstract

The relationship between water diffusion parameters measured using diffusion tensor imaging (DTI) and histological malignancy of gliomas
was investigated.

DTI was performed using a 3.0 T MR scanner in 41 consecutive patients with histologically proven gliomas. Fractional anisotropy (FA)
and mean diffusivity (MD) were calculated and compared with the WHO classification of the gliomas.

The FA values of grade 1 gliomas (0.150 & 0.017) were significantly lower than those of grade 3 (0.23 & 0.033) or grade 4 gliomas (0.229
+ 0.033) (P < 0.0001, respectively). The FA values of grade 2 gliomas (0.159 £ 0.018) were significantly lower than those of grade 3 or
grade 4 gliomas (P = 0.0002, P < 0.0001, respectively). The FA threshold between low grade and high grade gliomas was 0.188. The MD
values of grade 1 gliomas (1619.1 + 157.4 x 10~ mm?/s) were significantly higher than those of grade 3 (1084.5 4= 218.9 x 10~% mm?%/s)
(P = 0.0036) or grade 4 gliomas (1098.0 £ 291.6 x 10~% mm?/s) (P = 0.0002). The MD values were not correlated with the other grades of
glioma.

FA values can distinguish between high grade and low grade gliomas. This is useful in deciding the surgical strategy or selecting the site

of stereotactic biopsy.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Diffusion tensor imaging; Glioma; Malignancy

1. Introduction

Gliomas are the most common primary neoplasms of the
central nervous system [1]. The prognosis for patients with
high grade gliomas has remained poor despite improvements
in radiation and chemotherapy (2,3]. Accurate preoperative
diagnosis of the tumor grade is important for the determina-
tion of appropriate treatment strategies [4]. Magnetic res-
onance (MR) spectroscopy [5-8], single photon emission
computed tomography [9-13], or positron emission tomog-
raphy [9-11] have all been used for the preoperative evalu-
ation of glioma malignancy. However, MR spectroscopy has
limitations in spatial resolution and heterogeneous lesions

* Corresponding author. Tel.: +81 19651 5111, fax: +81 19 625 8799.
E-muail address: tainoue @iwate-med.ac.jp (T. Inoue).

0303-8467/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi: 10.1016/j.clineuro.2004.06.01 |

are difficult to assess [7], whereas imaging methods using
radioactive isotopes are invasive and involve handling prob-
lems.

Diffusion tensor imaging (D'TT) can measure the direction-
ality (anisotropy) and the magnitude (diffusivity) of water
diffusion in vivo [14]. Fractional anisotropy (FA) and mean
diffusivity (MD) are the quantitative indices for anisotropy
and diffusivity, respectively [15]. The microstructural organi-
zation of the brain tissue affects the molecular motion of wa-
ter. Therefore, the FA and MD reflect microstructural changes
of tissue caused by damage from degenerative disease, brain
ischemia and brain tumors [16-21]. The histological diagno-
sis of glioma malignancy is based on the presence of nuclear
heteromorphism, nuclear mitosis, endothelial proliferation,
and necrosis [22]. These characteristics may affect the FA
and MD values of gliomas.
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Table 1
Patient characteristics and tumor grades, using the WHO classification
Case no. Age Sex Grade FA value MD value x
1078 mm?/s
1 7 F Gl 0.161 1552.6
2 10 F Gl 0.140 1395.9
3 15 F Gi 0.152 1706.3
4 23. F Gt 0.165 1525.9
5 6 M Gl 0.150 1779.7
6 27 M Gl 0.154 1448.7
7 43 M Gl 0.112 1797.73
8 69 M Gl 0.163 1745.91
9 35 F G2 0.158 1087.9
10 46 F G2 0.172 1010.1
1 48 F G2 0.144 969.9
12 2 M G2 0.176 1588.0
13 28 M G2 0.154 1403.2
14 33 M G2 0.163 12513
15 40 M G2 0.122 1380.94
16 59 M G2 0.181 1407.37
17 60 M G2 0.157 1493.2
18 43 F G3 0.231 1328.5
19 68 F G3 0.237 778.8
20 4 M G3 0.227 951.9
21 39 M G3 0.206 1270.26
22 51 M G3 0.203 957.3
23 60 M G3 0.293 1220.12
24 4] F G4 0.214 877.7
25 44 F G4 0.195 1085.8
26 54 F G4 0.199 972.11
27 58 F G4 0.250 8743
28 68 F G4 0.218 612.7
29 68 F G4 0.207 1146.8
30 68 F G4 0.319 1385.69
31 69 F G4 0.196 1278.4
32 77 F G4 0.220 1224.8
33 15 M G4 0.219 694.7
34 47 M G4 0.225 865.2
35 56 M G4 0.216 1328.77
36 61 M G4 0.212 1326.9
37 63 M G4 0.283 875.67
38 63 M G4 0232 1049.6
39 64 M G4 0.204 1838.47
40 72 M G4 0.257 1286.71
41 74 M G4 0.251 1038.82

This study evaluates the relationship between the findings
of DTI and the histological malignancy of gliomas.

2. Clinical material and methods
2.1. Patient population

This study included 41 consecutive patients (18 females
and 23 males) aged 2-77 years (mean 46 years) treated at
our institute between October 2000 and December 2002,
who underwent DTI and had a histological diagnosis. No
medical therapy was received for their tumor prior to imag-
ing. The patient characteristics and tumor grades, using
the WHO classification [23], are listed in Table 1. The

study protocol was approved by the local ethical commit-
tee. All subjects gave written informed consent prior to the
study.

2.2. MR imaging

All MR imaging used a Signa VH/i 3.0T MR imaging
system (General Electric Medical Systems, Milwaukee, WI)
and standard head coil. A spin echo echo planar imaging
(EPI) sequence with diffusion gradients applied in six di-
rections ((x, y, 2): (101), (-~101), (011), (01 —1), (110) and
(—110) direction, respectivery) was used for DTI: repetition
time 10,000 ms, echo time 84 ms, matrix 256 x 260, field of
view 240 mm, number of excitations 6, slice thickness 6 mm,
gap 2mm, and b factor 800 s/mm?. All patients underwent
conventional spin echo T1-weighted imaging with contrast
medium after DTL.

2.3. Image analysis

All image post processing was performed on a scanner
console using a subprogram, developed by one of the authors
(H.K.), of the Functool™ image analysis software (Gen-
eral Electric Medical Systems, Buc, France). The scalars
invariants of the tensor, FA and MD, were derived for ev-
ery pixel. The regions of interest (ROIs) were determined
on the T2-weighted EPI scans, and were positioned on the
solid portion of the lesions. In the enhanced tumors, the
ROIs were confirmed to set the enhanced lesion on the T1
weighted images with contrast medium. The ROIs were auto-
matically transferred onto the coregistered FA and MD maps
(Fig. 1). Then, the FA and MD values were calculated for each
patient.

2.4. Statistical analysis

The relationship between the FA or MD values and the
tumor grade was evaluated with Scheffe’s F test. Statistical
significance was set at P < 0.05.

3. Results

DTI demonstrated the tumor mass and cystic lesions in all
patients. Representative FA maps and T1-weighted images
with contrast medium are shown in Fig. 2. The relationships
between the FA or MD values and the tumor grade are shown
in Figs. 3 and 4, respectively.

The FA values of grade | gliomas (0.150 £ 0.017) were
significantly lower than those of grade 3 (0.23 £ 0.033) or
grade 4 gliomas (0.229 £ 0.033) (P < 0.0001, respectively).
The FA values of grade 2 gliomas (0.159 £ 0.018) were
significantly lower than those of grade 3 or grade 4 gliomas
(P = 0.0002, P < 0.0001, respectively). The FA threshold
between low grade (grade 1 and 2) and high grade gliomas
(grade 3 and 4) was 0.188 (Fig. 3). Differences between the
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Fig. 1. (a) Ti-weighted magnetic resonance (MR) image with contrast medium showing the region of interest (ROI) in the solid portion of the lesion. (b)
Fractional anisotropy map showing the outline of the ROI traced automatically. (¢} Mean diffusivity map showing the outline of the ROI traced automatically.

FA values of grades | and 2, or grades 3 and 4 were not
significant.

The MD values of grade 1| gliomas (1619.1 & 157.4 x
10~ mm?/s) were significantly higher than those of grade
3 (1084.5 4 218.9 x 1075 mm?/s) (P = 0.0036) or grade 4
gliomas (1098.0 4= 291.6 x 1076 mm?/s) (P = 0.0002). Dif-
ferences between the MD values of grade | and 2 (1288.0 &
220.2 x 1079 mm?/s), 2 and 3, and 3 and 4 were not signifi-
cant. There was no clear threshold value between low grade
and high grade gliomas (Fig. 4).

4. Discussion
The primary finding of the present study was that the FA

value could be used to distinguish high grade glioma from
low grade glioma.

FA values have been investigated in patients with multi-
ple sclerosis, amyotrophic lateral sclerosis, or leukoaraiosis,
showing that the FA value is an indicator of the tissue dam-
age of white matter [17-20,24]. The molecular movement
of water is restricted by membranes in the brain [25]. The
presence of myelinated fibers is an important factor in the
underlying mechanisms of anisotropic diffusion [26]. Thus,
damaged tissue in myelinated fibers may have reduced FA
values. Anisotropy is always reduced in brain tumors {21]. In
the present study, the FA values of gliomas were lower than
those of subcortical white (0.76 £ 0.05) and gray (0.25 +
0.1) matter [21], which corresponded with previous findings.

The present study showed that the FA values of high
grade gliomas were significantly higher than those of low
grade gliomas. High anisotropy implies that the tissue is
symmetrically organized [21]. High grade glioma is his-
tologically characterized by pseudo-palisading, endothelial
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Fig. 3. Fractional anisotropy (FA) values and glioma grade. Dashed line,
threshold between low grade (G1 and G2) and high grade gliomas (G3 and
G4).

proliferation, or glomerular formation. The symmetric his-
tological organization may influence the anisotropy and in-
crease the FA value. However, high grade glioma is also
characterized by necrosis. Actually, it was reported that the
necrotic core of the high grade gliomas showed low FA values
[27]. Therefore, in the present study we strictly limited the
ROIs to be within the tumor body and to avoid the inclusion
of large necrosis. Thus, our findings suggest that preoperative
measurement of the FA values may predict the malignancy of
gliomas, which may be useful in deciding the surgical strat-
egy or selecting the site of stereotactic biopsy.

In the present study, the MD values of grade 1 gliomas
were significantly higher than those of high grade gliomas.
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Fig. 4. Mean diffusivity (MD) values and glioma grade.

However, the other grades of glioma did not correlate with
the MD values. Thus, the MD value was a poor predictor to
distinguish the malignancy of gliomas in comparison with
the FA value. MD values have been correlated with the histo-
logical cellularity of gliomas and are useful to distinguish
low grade gliomas from high grade gliomas [4]. The ex-
act reason for this discrepancy between previous findings
and our results is difficult to assess, but there are several
possible explanations. First, microstructural changes includ-
ing cell swelling, shrinkage, or widening of the extracellular .
space can affect the MD values [28,29]. Second, low grade
glioma may exhibit moderate or high cellularity [30,31].
Thus, the MD values may not correlate with the glioma
grades. .

Cystic changes or necrosis within lesions could decrease
or increase FA and MD values, respectively. Therefore, we
excluded that possibility by using high resolution DTI. High
field MR imaging is useful to investigate fine anatomical
structures [32,33], so cyst or necrosis within the tumor is
easily differentiated from the solid portion.

Our study has some limitations regarding interpretation
of the FA values. First is the normal variation in the FA val-
ues among different brain regions. For example, there is a
more than 2-fold difference in the FA values between pe-
ripheral white matter such as neocortical association tracts
and central commissural tracts such as the splenium of the
corpus callosum {34,35]. If high grade gliomas tend to oc-
cur in deep white matter, they may have higher FA value. In
fact, “butterfly gliomas” found at the splenium of the cor-
pus callosum tend to be Grade IV glioma rather than Grade
I or 11 gliomas. Second is the heterogeneity of the FA and
the MD values within tumors. Although this may not cause
serious problems in entirely homogenous tumors, discrep-
ancy may have occurred between the ROIs and histologic
samples in heterogeneous tumors. An image-guided tech-
nique, which was not applied in the present study for the
purpose of tissue sampling, would improve spatial correla-
tion between the samples examined by DTI and histologic
examination. Third is that DTT did not cancel the perfusion
effects. Tumor vascularity or microcirculation in the patho-
logical tissue may affect the FA values. We should apply
higher b value DTI to reduce the contribution of the perfu-
sion effects [36-38]. However, higher b value DTI reduces
the signal to noise ratio instead of reduction of the contri-
bution of the perfusion effects. In our study, we used high
resolution DTT to set the ROIs in the tumor bulk, not in
the cystic or necrotic regions. Therefore, we used b value
of 800 s/mm? in this investigation. Further investigation to
compare the findings of DT1 and histological examination is
required.

5. Conclusion

Investigation of the relationship between DTI and histo-
logical malignancy of gliomas found that the FA value can
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distinguish high grade glioma from low grade glioma. This
may be useful in deciding the surgical strategy or selecting
the site of stereotactic biopsy.
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Abstract

Malignant gliomas are distinguished from low-grade gliomas by their intense angiogenesis. In gliomas, p53 is the most
frequently altered gene and is involved in the early phase of glioma development. In contrast, homozygous p/6 gene deletion is
more common in high-grade gliomas. In order to understand the mechanism by which gliomas become more angiogenic during
the malignant transformation, we examined the relationship between thrombospondin-1, a negative regulator in angiogenesis,
and these tumor suppressor genes in malignant gliomas. Human glioma cell line U-251 MG, which has mutated p53 and deleted
pl6, was transduced with recombinant replication-defective adenovirus vectors containing the cDNA of wild-type p53, pi6,
and p21. Only the induction of wild-type p53 enhanced expression of thrombospondin-1 mRNA and the protein in U-251 MG
cells. Furthermore, thrombospondin-1 that was secreted in the culture medium was significantly increased (3.8-fold) as
compared with that of the viral control 36 h after infection with AdSCMV-p53. In the presence of wild-type p53 plasmid DNA,
the promoter activity was increased 7.4-fold as compared with an empty expression vector control. These studies may suggest
that mutation of p53 gene endows gliomas with an angiogenic phenotype by reducing thrombospondin-1 preduction as well as
enhancing the angiogenesis inducers in the early phase of malignant progression.
© 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction lators and inhibitors regulates the angiogenic
response, and various cytokines related to angiogen-
esis have been identified at the protein or transcript
levels. Among the many regulators known to act on
vasculature, vascular endothelial growth factor

(VEGF) and basic fibroblast growth factor represent

The development of neovascularization is a pre-
requisite of sustaining the growth, invasion, and
metastasis of tumors. The balance between stimu-

* Corresponding author. Tel.: +81-89-960-5338; fax: +81-89-
960-5340.
E-mail address: harada@m.iheme-u.ac.jp (H. Harada).

the most potent inducers of tumor angiogenesis. In
contrast, thrombospondin-1 (TSP1) has been noted as
a negative regulator. TSP1 is a multifunctional matrix
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glycoprotein consisting of a disulfide-bonded trimer
with a molecular weight of 450 kDa, and it is secreted
from fibroblasts, macrophages, and neoplastic cells.
TSP1 has been demonstrated to inhibit endothelial
cell adhesion, motility, and growth and to induce
apoptosis in endothelial cells [1].

Malignant gliomas belong to hypervascular neo-
plasms, which are responsible for rapid growth and
poor prognosis [2]. A multistep cascade proceeding
from a non-neoplastic cell to a low-grade and finally
to a high-grade malignancy has been molecularly
characterized in gliomas [3]. In particular, mutations
of p53 are frequently observed and represent consist-
ent molecular genetic alterations in low-grade glio-
mas. In high-grade gliomas, a high frequency of
homozygous pl6 gene deletion has been demon-
strated [4—6]. The cellular phenotypic changes in
tumor progression precipitate an aggressive neovas-
cularization, which seems to be mediated by the
activation of oncogenes and/or inactivation of tumor
suppressor genes. Although the sequential order of
specific genetic events in the malignant progression
has not yet been fully understood, some genetic
alterations might be directly linked to changes in the
biosynthesis of angiogenic-related molecules. Recent
studies involving experimental and human neoplasms
bave presented interesting results in terms of the
interaction between genetic events and angiogenic
growth factors. These include the finding that TSP1
production might be positively regulated by wild-type
p53 in several cancers [1,7,8]. However, the relation-
ship between TSP1 expression and the tumor
suppressor gene in gliomas remains unclear [9].
Therefore, we studied the pathological significance
of the alteration of wild-type p53 and pl6 in the
expression of TSP1 in order to ascertain whether these
genetic events are responsible for the transformation
of human gliomas into an angiogenic phenotype
during the progression to malignancy.

2. Materials and methods
2.1. Recombinant adenovirus
Ad5CMVK-pli6, a recombinant adenoviral vector,

was constructed by following the previously pub-
lished procedure [10]. The AASCMVK-p16 contained

the cytomegalovirus promoter, wild-type p16 cDNA,
which was obtained from Dr. D. Beach (Institute of
Child Health, London) [11], as well as an SV40
polyadenylation signal in a minigene cassette, which
was inserted into the El-deleted region of the
modified adenovirus 5.

The adenovirus, AASCMV-p53 and AdSCMV-p21,
which contained the p53 and p2] gene, respectively,
were kindly provided by Dr. Jack A. Roth (University
of Texas, M.D. Anderson Cancer Center, TX).

2.2. Cell line and infection condition

The human glioma cell line U-251 MG, which was
generously provided by Dr. N. Arita (University of
Osaka, Osaka, Japan), was maintained in Dulbecco’s
modified Eagle’s medium containing 10% heat-
inactivated fetal bovine serum at 37 °C in a humidified
atmosphere containing 5% CO,. The p53 gene is
mutated (codon 273: CGT — CAT) [12], and the pi6
gene is endogenously deleted [13] in U-251 MG cells,
Cell infection was carried out according to the
previously described technique [14]. The culture
medium was used for mock infection.

2.3. B-Galactosidase transduction assay

To assess the transduction efficiency of the
adenoviral vectors, cells were infected for 36 h with
AdSCMV-LacZ, which carried the Escherichia coli B-
galactosidase gene. Cells were stained with X-gal (5-
bromo-4-chloro-3-indolyl-B-p-galactopyranoside;
Sigma Chemical Co., St. Louis, MO). The percen-
tages of B-gal-positive cells were determined on a
plate reader (Inter Med, Tokyo) at a wavelength of
620 nm in each of three replicate dishes.

2.4. Cell growth curves

Cells were seeded at 2.5 X 10* cells/well in a 24-
well plate. The cells were infected with either
Ad5CMV-LacZ viral control, Ad5CMV-p2l,
AdSCMV-p53, and AdSCMVK-pl6. Cultured med-
ium alone was used for a mock infection control. Each
sample was analyzed in triplicate. Cells were
harvested and counted periodically until 60 h after
the infection. Cell viability was determined by trypan
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blue exclusion. The experiment was performed two
times.

2.5. Flow cytometric assay

To analyze the DNA histogram, cell suspensions
were prepared by trypsinization at 36 h after infection
with AdSCMV-LacZ viral control, AdSCMV-p21,
AdSCMV-p53, and AASCMVK-pl6. Cells were fixed
with 70% ethanol and incubated with ribonuclease A
(250 wg/ml; Sigma) for 1 h at 37 °C and propidium
iodide (50 pg/ml; Sigma) for 10 min. Each sample
was filtered through a 50-um nylon mesh to obtain a
single-cell nuclear suspension. They were analyzed
on a FACSCalibur (Becton Dickinson, Mountain
View, CA) with a minimum of 20 000 events for
each sample. An argon laser at 488 nm excitation was
used, and the samples were collected at 610 nm.
ModFit LT (Becton Dickinson) was used for data
analysis. Mean peak fluorescence was determined for
each histogram. Three separate experiments were
performed.

2.6. Western blot analysis

Cells were infected with medium alone, AdSCMV-
LacZ viral control, AdSCMV-p21, Ad5CMV-p53,
and AASCMVK-pl6. Twenty-four (for p21, p53, and
pl6) and 36 (for TSP1) h after the infection, total cell
lysates were prepared by lysing cell monolayers in
plates with sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS—PAGE) sample buffer (125
mM Tris—-HCI, 2% SDS, 5% mercaptoethanol, 10%
glycerine, pH 6.8) for 1 h at 4 °C after rinsing the cells
with phosphate-buffered saline (PBS). Cell lysate
protein (10 wg) from each sample was measured by
BCA protein assay (Pierce, Rockford, IL) and
subjected to 13.5% (for p2i, p53, and pl6) and
7.5% (for TSP1) SDS—Tris glycerine gel electrophor-
esis; it was then transferred to a PVDF membrane
(Bio-Rad Laboratories, Hercules, CA). Membranes
were blocked with 1% dry milk and 0.1% Tween-20
in Tris-buffered saline and incubated with the primary
antibodies, mouse antihuman p21/WAF-1 mono-
clonal antibody (Oncogene Research Products, Cam-
bridge, MA), mouse antihuman p53 monoclonal
antibody (Dako Co., Carpinteria, CA), mouse antihu-
man pl6 monoclonal antibody (Pharmingen, San

Diego, CA), mouse antithuman TSP1 monoclonal
antibody (Genzyme, Cambridge, MA), and mouse
antthuman actin monoclonal antibody (Amersham
Corp., Arlington Heights, IL). After rinsing in PBS,
membranes were also incubated with a secondary -
antibody, horseradish peroxidase-conjugated sheep
antimouse IgG (Amersham). The membranes were
developed according to the Amersham enhanced
chemiluminescence protocol.

2.7. Reverse transcription—polymerase chain
reaction (RT—PCR) analysis

Cells (1.25x 10%) were infected with medium
alone, AdSCMV-LacZ viral control, AASCMV-p21,
AdS5CMV-p53, and AASCMVK-pi6. Total RNA was
isolated from cultured cells using TRIZOL Reagent
(Life Technologies Inc., Gaithersburg, MD) 24 h after
infection. Total RNA sediment (400 ng) was reverse-
transcribed in 50 mM Tris—HC1 (pH 8.3), 75 mM
KCl, 10 mM DTT, 3 mM MgCl,, 0.5 mM dNTPs, and
0.2 ng of oligo(dT);, 15 primer (Life Technologies)
with 200 units of Moloney murine leukemia virus
reverse transcriptase (Life Technologies) at 37 °C for
60 min. PCR was performed with human TSPI- and
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (as an internal standard)-specific primers.
Primers used were 5-ACCGCATTCCA-
GAGTCTGGC-3 and 5'-ATGGGGACGTCCAACT-
CAGC-3' for TSP1 [15], and 5'-CAAAGTTGT-
CATGGATGACC-3 and 5'-CCATGGA-
GAAGGCTGGGG-3' for GAPDH [16]. Reverse
transcription products (3 wl) were amplified by Taq
DNA Polymerase (Promega Corp., Madison, WI) in
25 ul of a reaction mixture containing 5 mM Tris—
HC1 (pH 8.0), 10 mM NaCl, 10 pM EDTA, 0.1 mM
DTT, 1.5 mM MgCl,, 0.15 mM dNTPs, and 0.2 pM
of TSP1 or GAPDH primers. Preliminary experiments
showed that the amount of TSP1 and GAPDH cDNA
PCR products reached a plateau after 28 and 32 cycles
of reaction, respectively. Therefore, we amplified
TSP1 ¢cDNA under the condition of 24 cycles at 94 °C
for 1 min, 60 °C for 1 min, and 72 °C for 2 min.
Products were then electrophoresed on a 1% agarose
gel. The intensity of the ethidium bromide lumines-
cence was measured using a Fluor Imager SI
(Amersham). The amount of TSP1 was normalized
with that of GAPDH and expressed as relative to that



112 H. Harada et al. / Cancer Letters 191 (2003) 109-119

of the mock infection. The amplified 492 bp fragment
of TSP1 cDNA was sequenced after being subcloned
into pGEM-T Easy Vector (Promega). Three separate
experiments were performed.

2.8. Northern blot analysis

Total RNA was extracted from the culture cells
using TRIZOL Reagent (Life Technologies) 24 h after
infection, while mRNA was isolated from the total
RNA using Oligotex-dT30 (Takara, Tokyo, Japan).
mRNA (3 pg) was fractionated on 1% denaturing
formaldehyde/agarose gel and was transferred to
Hybond-N membranes (Amersham) by capillary
elution. Nylon filters were prehybridized at 42 °C
for 2 h in a buffer containing 50% formamide, 4x SSC
(20X SSC = 3.0 M NaCl and 0.3 M sodium citrate),
8X Denhardt’s solution, and 0.2 mg/ml sheared
denatured herring sperm DNA, hybridized with the
32P_labeled TSPI probe (500 000 cpm/ml buffer) at
42 °C overnight. A GAPDH probe was used as an
internal control. Filters were washed at 42 °C in 2%
SSC, 0.5% SDS, twice for 5 min and then once for 30
min in 0.1X SSC, 0.5% SDS. Autoradiography was
then performed using a Bio-Imaging analyzer, FUJIX
BAS 1000 (Fuji Photo Film Co. Ltd., Tokyo).

The amplified 492 bp fragment of TSP1 cDNA was
used as a probe. The TSP1 ¢cDNA probe was purified
by 1% agarose gel electrophoresis, recovered with
GENECLEAN III (BIO 101, La Jolla, CA), and
radiolabeled with [a-32P]dCTP (Amersham) using a
DNA labeling kit (Amersham). Northern blots were
repeated at least three times with RNA from different
culture experiments.

2.9. Enzyme-linked immunosorbent assay

Cells (1.5 X 10°) were plated on 12-well plates and
grown for 24 h before viral infection. The cells were
then infected with AdSCMV-LacZ viral control,
AdSCMV-p21, AASCMV-p53, and AASCMVK-pl6.
Culture medium was used for mock infection. The
medium was changed to G-5 Supplement (Life
Technologies) containing Neurobasal Medium (Life
Technologies) with medium alone, AdSCMV-LacZ,
AdSCMV-p2], AASCMV-p53, and AdSCMVK-pl6
after the cell monolayers were rinsed with PBS 24 h
after infection. After 12 h, cell supernatants were

collected and stored at — 80 °C until use. The 96-well
plates were coated with supernatants and serially
diluted standard solutions (human thrombospondin;
Athens Research and Technology Inc., Athens, GA)
overnight at 4 °C. The plates were washed six times
with PBS containing 0.05% Tween-20 (washing
buffer) and blocked with 5% bovine serum albumin
in PBS for 30 min at 37 °C. After the plates were
washed, mouse antihuman TSPl monoclonal anti-
body (Genzyme) was added, and the plates were
incubated for 2 h at room temperature, then washed as
above. Horseradish peroxidase-conjugated sheep anti-
mouse [gG antibody (Amersham) and rabbit antigoat
IgG secondary antibody (DAKO) were added and
allowed to incubate for 3 h at room temperature. The
plates were then washed six times with a washing
buffer. Substrate solution (0.05% o-phenylenediamine
dihydrochloride, 0.3% H,O, in 0.1 M citric acid
buffer) was added to the plates. After 10 min in
darkness, the reaction was stopped by the addition of
sulfuric acid. Absorbance at 490 nm was determined
on a plate reader (Inter Med). Three separate
experiments were performed.

2.10. Luciferase assay

A DNA fragment of TSP1 promoter and the first
intron (— 2040 to 4750) were amplified by PCR and
inserted into luciferase reporter vector pGL3-Basic, a
promoter- and enhanceriess vector (Promega). The
sequence of the insert was confirmed by direct
sequencing using a ABI PRISM 377 DNA sequencer
(Perkin Elmer, Foster City, CA). Transfection of
luciferase reporter plasmids was performed using
DOTAP (Boehringer Mannheim), according to the
protocol recommended by the manufacturer. Briefly,
1.0 X 10* cells seeded in 24-well plates were exposed
to transfection mixtures containing 1.0 pg of
luciferase reporter plasmids and 0.5 g of pSV-B-
galactosidase control vector (Promega). Then, the
cells were harvested 48 h after the transfection.
Luciferase assays were performed according to the
manufacturer’s protocols (Promega). 3-Galactosidase
assay was also performed with the same cell extracts
in order to standardize for transcription efficiency. For
pS3 overexpression assay, 2.0 wg of p53 expression
vectors were cotransfected with reporter plasmids,
and luciferase assays were performed as described
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above. As an effector control, the same amount of
blank vector without p53 cDNA insert was used. All
experiments were performed at least three times in
each plasmid and represent the relative luciferase
activity as average.

2.11. Statistics

All values are given as mean * standard deviation.
Student’s ¢ tests were used in all analyses.

3. Results

3.1. Influence of gene transduction on cell growth and
exogenous gene products in U-251 MG cells

U-251 MG cells was infected with AASCMV-LacZ
in the range of 0.39-400 multiplicity of infection
(m.o.1.) in order to determine the adenoviral transduc-
tion efficiency as described previously. X-Gal staining
showed that infection at an m.o.i. of 100 or greater
was represented by 100% blue cells (Fig. 1). Infection
with AdSCMV-p2] and AASCMVK-p/6 at an m.o.i.
of 100 had no effect on the cell viability; however,
infection with Ad5CMV-p53 at an m.o.i of 100
decreased the viability due to apoptosis (data not
shown). Therefore, AASCMV-p2] and AdSCMVK-
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Fig. 1. Gene transduction efficiencies of U-251 MG cells. A
recombinant B-gal adenovirus (Ad5SCMV-LacZ) was used to infect
the cells at different m.o.i. ranging from 0.39 to 400. The
percentages of (-gal-positive cells were determined on a plate
reader in each of three replicate dishes. Bars, standard deviation.

pl6 at an m.o.i. of 100 and AdSCMV-p53 at an m.o.1.
of 50 were used to maintain 100% viability in this
study. This experimental condition demonstrated the
fact that introduction of p53, pl6, and p21 did not
suppress cell growth for 36 h after infection (Fig. 2A).
As shown in Fig. 2B, U-251 MG cells accumulated in
the Go/G, phase at 36 h after infection with AdSCMV-

‘p2l, AASCMV-p53, and AASCMVK-p/6 as com-

pared with AdSCMV-LacZ, and no significant differ-
ence was observed in the percentages of Gg/G
fraction among each introduced gene. The sub-Gg/
G, fraction was not detected, indicating that apoptosis
did not occur for 36 h after infection. Western blot
analysis was performed in order to prove p21, p53,
and pl6 expression in virally transduced cells.
Endogenous p21 was hardly detectable, and a high
amount of mutant-type p53 was exhibited in U-251
MG cells. Endogenous pl6 proteins were not
detectable. On adenovirus-mediated gene transfer,
exogenous p21, p53, and pl6 were clearly demon-
strated 24 h after infection with Ad5CMV-p21,
AdSCMV-p53, and AdASCMVK-pli6, respectively
(Fig. 3). On this basis, we investigated the TSP1
expression within 36 h after adenoviral gene transfec-
tion of p21, p53, and pl6 in order to exclude the
possibility that the change in TSP1 expression was
affected by growth inhibition induced by gene
transduction.

3.2. TSP1 expression is up-regulated by wild-type p53
transfection

RT-PCR was performed in order to detect TSP1
mRNA expression in virally transduced cells 24 h
after infection (Fig. 4A). In U-251 MG cells, TSP1
mRNA expression in AdSCMV-p53-treated cells was
markedly up-regulated as compared with AASCMV-
LacZ-treated cells. On the other hand, introduction of
p2l and pl6 had no effect on the TSP mRNA
expression. In addition to RT-PCR, TSPl mRNA
expression was assessed by Northern blot analysis 24
h after infection. TSPl mRNA expression in
AdSCMV-p53-treated U-251 MG cells was signifi-
cantly increased as compared with that in AASCMV-
LacZ-, Ad5CMV-p2]-, and AdSCMVK-pl6-treated
cells (Fig. 4B). These results were compatible with
those of RT-PCR.

Western blot analysis demonstrated that TSP1 was
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Fig. 2. (A) Growth curves of U-251 MG cells. Cells were plated at low-density (2.5 X 10*) and infected with culture medium alone (B),
AdSCMV-LacZ (&), AASCMV-p21 (A), AASCMV-p53 (), and AdSCMVK-pl6 (O). Cell viability was assessed using the trypan blue
exclusion test. The number of cells at each point is shown as the mean = standard deviation of three different wells. (B) Effect of AdSCMV-p53,
Ad5CMV-p21, and AdSCMVK-pi6 on cell cycle. U-251 MG cells were infected with AdSCMV-LacZ (a), AASCMV-p21 (b), AdSCMV-p53
(c), and AASCMVK-pi6 (d). Thirty-six hours after the infection, cells were analyzed for DNA content using flow cytometry.
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Fig. 3. Exogenous p21, p53, and pl6 protein expressions in adenovirally transduced cells. U-251 MG cells were infected with medium only
(mock), AdSCMV-LacZ (lacZ), AdSCMV-p21 (p21), AdSCMV-p53 (p53), and AASCMVK-p 16 (p16). Cellular lysates were prepared 24 h after
infection and subjected to Western blot analysis. Endogenous (mock infected) and exogenous (adenovirally infected) p21, p53, and p16 proteins

were detected using monoclonal antibodies against p21, p53, and pl16.

observed with an apparent molecular weight of 180
kDa (Fig. 5A). Induction of wild-type p53 signifi-
cantly increased TSP1 protein expression; however,
TSP1 protein levels of AASCMV-LacZ-, Ad5CMV-
p2l-, and AdSCMVK-pi6-infected cells were not
changed. Furthermore, the amount of TSPI protein in
a culture medium of cells transduced with adenoviral
vectors was measured by enzyme-linked immunosor-

A

mock lacZ p21  p33  pl6

TSPl

GAPDII-|

TSPUGAPDH [L.O0 082 093 140 094

| —492 bp

bent assay (ELISA) (Fig. 5B). Cell supernatants were
collected 36 h after infection with AdSCMV-LacZ,
AdSCMV-p21, AdSCMV-p53, and AASCMVK-pl6.
TSPI expression was not up-regulated by introduction
of AA5SCMV-p2] and AASCMVK-p/6, but infection
with Ad5CMV-p53 increased TSP1 secretion 3.8-fold
as compared with that caused by Ad5CMV-LacZ
(P < 0.001).
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Fig. 4. Effect of AdSCMV-p2I, AdSCMV-p53, and AdS5CMVK-pl6 on TSPI RNA expression in U-251 MG cells. Cells were infected with
medium alone (mock), AdSCMV-LacZ (lacZ), AASCMV-p21 (p21), AdSCMV-p53 (p53), and AASCMVK-pl6 (pl16). (A) cDNA preparation of
492 bp corresponding to TSP1 was analyzed by RT-PCR. GAPDH transcripts were used as an internal control. PCR products were
electrophoresed on 1% agarose gels and visualized by ethidium bromide staining. The amount of TSP1 expression was standardized with that of
GAPDH and expressed as relative to that of the mock infection. (B) Northern blot analysis was performed in order to detect TSP1 RNA
expression in U-251 MG cells. Upper panel, human TSP1 cDNA used as probe. Middle panel, human GAPDH cDNA was probed as an internal
control. Lower panel, ethidium bromide-staining gel scanned at the 18S and 28S rRNA bands served as a loading standard.
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Fig. 5. (A) Detection of TSP1 protein in adenovirally transduced cells by Western blot analysis. U-251 MG cells were infected with medium
only (mock), AdSCMV-LacZ (1acZ), AASCMV-p21 (p21), AASCMV-p53 (p53), and AdSCMVK-p16 (p16). Cellular extracts were prepared 36
h after infection and subjected to Western blot analysis using monoclonal antibodies against human TSP1. Actin was probed as an internal
control with monoclonal antibody. (B) Effect of wild-type p2./, p53, and pi6 transfer on supernatant TSP1 protein levels in U-251 MG cells.
Cells (1.5 X 107 cells) in triplicate wells were incubated on 12-well plates for 24 h in 10% fetal bovine serum-containing medium with medium
alone, AdSCMV-LacZ, AdSCMV-p21, AASCMV-p53, and AdSCMVK-p/6. Each medium was changed for serum-free conditioned medium
with medium alone {mock), AdSCMV-LacZ (lacZ), AdSCMV-p21 (p21), AdSCMV-p53 (p53), and AdSCMVK-pi6 (p16) and incubated for
another 12 h. The supernatants were assayed by ELISA for TSP1. Values are means * standard deviation of triplicate determinations.

##p < (.001 versus mock, lacZ, p21, and pl6.
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Fig. 6. Effects of wild-type p53 on transcription from the TSP1
promoter. U-251 MG cells were cotransfected with 2.0 g of wild-
type p53 expression vector or empty expression vector and 1.0 pg
2.8 kb TSP1 promoter construct (pGL3-TSP). pGL3-Basic without
enhancer/promoter and pGL3-Control driven by SV40 enhancer/-
promoter were used for control. The ordinate is relative luciferase
activity determined versus activities in samples transfected with
blank vector. Values are means = standard deviation of triplicate
determinations.

3.3. p53 enhances transcriptional activity IOf TSP1
promoter

To examine whether p53 regulates the promoter
activity of TSPI, luciferase assays were performed
using U-251 MG cells (Fig. 6). Expression of a
reporter gene driven by the human TSP1 promoter
(— 2040 to +750) responded to the wild-type p53. In
the presence of wild-type p53 plasmid DNA, the
promoter activity was increased 7.4-fold as compared
with that of an empty expression vector control.
Moreover, wild-type p53 had no effect on the pGL3-
Basic vector, the backbone luciferase plasmid into
which the TSP1 promoter fragment was cloned, and
the pGL3-Control vector, which has an SV40
promoter and enhancer.

4, Discussion

TSP1 has attracted attention as a possible negative
regulator of tumor growth, metastasis, and angiogen-
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esis based on its effect on tumor cells and endothelial
cells. Although conflicting results have been reported
regarding the function of TSP1 in tumor progression,
increased TSP1 expression suppresses growth and
metastasis and inhibits angiogenesis in some neo-
plasms [1]. The aim of this study was to investigate
whether induction of wild-type p53 or pl6 is
associated with TSPI production in gliomas. In the
present study, we found that adenovirus-mediated
wild-type p53 transfer more significantly increased
TSP1 mRNA and protein expression in the wild-type-
p33-defective glioma cells (U251 MG) as compared
with the reintroduction of wild-type pl6. These
findings indicate that p53 plays an important role in
the regulation of TSP1 expression in wild-type-p53-
inactivated glioma cells.

In AdS5CMV-p2i-treated cells, no significant
change in TSP1 expression was found. On the other
hand, the degree of growth inhibition and cell cycle
arrest was at the same levels among AdSCMV-p21-,
AdS5CMV-p53-, and AdSCMVK-p/6-treated cells.
These findings suggest that TSP1 synthesis induced
by wild-type p53 is regulated by a different pathway,
which is unrelated to control cell growth and cell
c¢ycle. Therefore, we performed luciferase assays in
order to elucidate whether or not p53 might regulate
the promoter activity of TSPl. Wild-type p53
significantly enhanced the transcription of TSP1
promoter activity in U-251 MG cells. A recent study
has indicated that the first intron contains two adjacent
sequence elements that are similar to known p53
response elements and that wild-type p53 regulates
the TSP1 promoter (—2033 to +750) in cultured
fibroblasts derived from Li-fraumeni patients [17]. In
our study, p53 directly or indirectly up-regulated
TSP1 mRNA expression at the transcriptional level.

The majority of tumors are angiogenic, and
aberration of the genes may contribute to the
transformation into an angiogenic phenotype follow-
ing a change in the production of cytokines acting as
angiogenic or antiangiogenic factors [18,19]. One of
the most essential phenotypic changes that occur in
tumorigenesis is the elimination of the normal cell’s
ability to product angiogenic inhibitors like TSP1
[20]. Although the correlation between p53 alterations
and TSPl is controversial, some studies have
indicated that TSP1 expression is regulated by p53
in several cancers [1,7-9,21]. In gliomas, p53 has

been shown to control angiogenesis by modifying the
production of an inhibitor, but the angiogenic
inhibitor remains to be identified. Van Meir et al.
[19] demonstrated the existence of glioma-derived
angiogenesis inhibitory factor (GD-AIF), a physio-
logical inhibitor of angiogenesis regulated by wild-
type p53 in glioblastoma cells. Nishimori et al. [22]
have demonstrated that a candidate of GD-AIF is
brain-specific angiogenesis inhibitor 1 (BAIl) ident-
ified as a p53-inducible gene product containing five
thrombospondin-1 repeats predominantly recognized
in the brain.

Recently, p53 has been found to play crucial roles
in controlling tumor angiogenesis by regulating the
expression of VEGF. Transfection of wild-type p53
down-regulates VEGF expression and inhibits angio-
genesis in colon carcinoma [23] and inhibits VEGF
promoter activity in glioma cells [24]. Furthermore,
we have previously shown that the wild-type p53 and
pl6 down-regulate VEGF expression and inhibit
angiogenesis in human gliomas [25]. In particular,
wild-type pl6 transfer reduced VEGF expression
more potently than did wild-type p53 transfer. The
mechanisms leading to the alteration of the balance
between the inducers and inhibitors of neovascular-
ization are not well known. It is generally considered
that some gliomas become potently angiogenic
founded on the inactivation of p53 and pl6. We
speculate that the mutation of p53 results in a
significant decrease in the secretion of TSP1 and an
increase in the secretion of VEGF and that it promotes
angiogenesis. The loss of the p/6 tumor suppressor
gene, which results in a further up-regulation of
VEGF secretion, is involved in the progression of the

~ angiogenic phenotype. The aberrations of the RB gene

and PTEN on chromosome 10q, which are detected in
a majority of high-grade gliomas may also have an
influence on angiogenesis [26], however, alterations
of p53 and pl6 may be necessary in order for gliomas
to progress to full malignancy with hyper-vascular-
ization.

Gliomas resist all current treatments including
surgery, radiotherapy, and chemotherapy, so that a
therapeutic breakthrough requires the development of
new concepts and new target molecules. The most
current approach aims to establish a gene therapy
designed to reintroduce tumor suppressor genes. The
present study and more recent data disclose the fact



