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Abstract

AIM: To examine the expression of p53 and vascular
endothelial growth factor (VEGF) as well as microvessel
count (MVC) and to investigate the role of VEGF as
an angiogenic marker and the possible role of p53 in
the regulation of angiogenesis in human gallbladder
carcinoma.

METHODS: Surgically resected specimens
of 49 gallbladder carcinomas were studied by
immunohistochemical staining for p53 protein, VEGF, and
factor VIII-related antigen. VEGF expression and mutant
p53 expression were then correlated with Nevin stage,
differentiation grade, MVC, and lymph node metastasis.

RESULTS: Positive p53 protein and VEGF expressions
were found in 61.2% and 63.3% of tumors, respectively.
p53 and VEGF staining status was identical in 55.1%
of tumors. The Nevin staging of p53- or VEGF-positive
tumors was significantly later than that of negative
tumors. The MVC in p53- or VEGF-positive tumors
was significantly higher than that in negative tumors,
and MVC in both p53- and VEGF-negative tumors was
significantly lower than that in the other subgroups.

CONCLUSION: Our findings suggest that p53-VEGF
pathway can regulate tumor angiogenesis in human
gallbladder carcinoma. Combined analysis of p53 and
VEGF expression might be useful for predicting the
tumor vascularity of gallbladder cancer.
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INTRODUCTION

Angiogenesis refers to the formation of new blood
vessels from a pre-existing vascular network. Adequate
vascularization is critically required for the growth and
metastasis of human solid tumors' . Angiogenesis is
influenced by multiple factors such as growth factors,
extracellular matrix proteins, and cell adhesion molecules,
as well as by the imbalance between angiogenesis-
stimulating factors and inhibiting factors"'"". One of
the most important angiogenesis-stimulating factors is
VEGTE, a diffusible endothelial cell-specific mitogen that
induces endothelial-cell proliferation and increases vascular
permeability. There is evidence that it may promote a
degradative environment that facilitates migration of
endothelial cells by the conduction of plasminogen
activators and coﬂagenasel“]. VEGF plays a major role in
regulating angiogenesis. Most tumors produce high levels
of VEGF. Neutralization of VEGF leads to a marked
inhibition of angiogenesis and tumor growrh“z'lsl.

However, there is little information about the genetic
changes associated with angiogenesis. So far, most studies
have stressed the role of oncogene activation and tumor
suppressor gene (TSG) inactivation in promoting aberrant
tumot-cell proliferation. Although it remains unclear
whether any of these genetic alterations can trigger
the disruption of control of angiogenesis, some 7 vitro
studies have demonstrated the important role played
by the p53 tumor suppressor gene in controlling tumor
angiogenesislm’m. In the present study, we have examined
p53 and VEGF expressions as well as microvessel
count (MVC) in human gallbladder carcinoma tissues to
investigate the involvement of the p53 gene in regulation
of tumor angiogenesis and its clinical significance.
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Table 1 Nevin staging system for gallbladder cancer''®!

Stage Definitions

1  Tumor invades mucosa only

Tumor invades muscularis and mucosa

Tumor invades subserosa, muscularis, and mucosa

Tumor invades all layers of gallbladder wall plus cystic lymph node
Tumor extension into liver bed or distant spread

s W N

Figure 1 Microvessel distribution (A) and expression of VEGF (B) and p53 (C) in
gallbladder carcinoma tissue.

MATERIALS AND METHODS

Clinical materials

Forty-nine histologically proven gallbladder carcinomas
were selected. All patients were surgically treated at
the Department of General Surgery of the First and
Second Hospitals affiliated to China Medical University,
Shenyang, China, but did not receive chemotherapy
or anti-angiogenesis therapy before surgery. The cases
included 24 males and 25 females. The average age of the
males and females was 62 years and 55 years, respectively.
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Six cases had papillary adenocarcinoma (12.2%), 43 cases
had tubular adenocarcinoma (87.8%), 22 cases had well-
differentiated tumor (44.9%), 17 cases had moderately
differentiated tumor (34.7%), 10 cases had poorly
differentiated tumor (20.4%). Nevin stage (Table 1) was
determined based on clinical materials: 19 cases of S1, S2,
and S3, and 30 cases of S4 and S5. Twenty-seven cases
(55.1%) had lymph node metastasis (+), 22 cases (44.9%)
had no lymph node metastasis (-). In each case, all available
sections stained with hematoxylin and eosin were reviewed.

Immunohistochemical study of p53 and VEGF
Four micrometer thick sections from the formalin-fixed
and paraffin-embedded tissues were placed on the poly-L-
lysine-coated slides for immunohistochemistry.
Immunohistochemical staining was performed by the
streptoavidin-biotin method. In brief, sections were de-
paraffinized and incubated with 3% hydrogen peroxide
for 20 min to block endogenous peroxidase activity. The
sections were treated twice with microwave at 500 W for
5 min each time in 10 mmol/L sodium citrate (pH 6.0).
After washing with PBS, the sections were incubated in
10% normal rabbit or goat serum for 20 min to reduce
non-specific antibody binding, The antibodies used were
mouse monoclonal antibody (MAb) against human p53
protein (Maxin-Bio Co., Fuzhou, China) in 1:100 dilution
at 4 °C overnight, and a rabbit polyclonal antibody against
human VEGF (A-20; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) in 1:50 dilution at 4 C overnight. After
washing thrice with PBS, the sections were incubated with
biotinylated rabbit anti-mouse or goat anti-rabbit immu-
noglobulin G (Maxin-Bio Co., Fuzhou, China) for 30 min,
washed thrice again with PBS, treated with streptavidin-
peroxidase reagent for 30 min and then washed thrice with
PBS again. Finally, the specimens were incubated in PBS
containing diaminobenzidine and 1% hydrogen peroxide
for 5 min and counterstained with hematoxylin. PBS was
substituted for each primary antibody as negative control.
Slides were examined by two investigators without the
knowledge of the corresponding clinicopathologic data.
p53 immunoreactivity was assessed as being positive only
when tumors exhibited intense nuclear staining, and reac-
tivity was categorized into negative expression (less than
10% positive tumor cells) and positive expression (at least
10% positive tumor cells). Immunostaining for VEGF
was considered positive when unequivocal staining of cell
membrane or cytoplasm was observed in more than 10%
of tumor cells.

Microvessel staining and counting

Microvessel staining and counting were performed as
described previouslym]. Briefly, intratumoral microvessels
were highlighted by immunostaining with a mouse MAb
against factor VIII-related antigen (F-VIII RAg) (Maxin-
Bio Co., Fuzhou, China) in 1:100 dilution and incubated at
4 °C overnight, after pre-digestion with 0.1% (v/v) tryp-
sin at 37 C for 20 min. Any single brown-stained cell or
cluster of endothelial cells that was clearly separated from
adjacent vessels, tumor cells and other connective tissues
was considered as a microvessel. The stained sections were
screened at X40 fields to identify the regions of the high-
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Table 2 Clinicopathologic characteristics of MVC in

gallbladder carcinoma (mean x SD)

Table 3 Clinicopathologic characteristics of VEGF
expression in gallbladder carcinoma

Characteristics n MVC Characteristics n + %

Tumor differentiation Tumor differentiation

Good 22 30£11 Good 22 15 68.2

Moderate-poor 27 38+11° Moderate-poor 27 16 59.3
Nevin staging Nevin staging

STRS2ASS 19 26+11 S1,S2,S3 19 8 421

54, S5 30 408" S4, S5 30 23 76.7°
Lymph node metastasis Lymph node metastasis

Yes 27 40+10 Yes 27 21 77.8

No 22 28+11¢ No 22 12 54.5°

*P<0.05 vs good group; "P<0.01 vs “S1, S2, S3” group; “P<0.01 vs yes group.

*P<0.05 vs “S1, S2, S3” group; “P<0.05 vs yes group.

Table 5 Relationship between MVC and presence of
p53 and VEGF (mean+SD, (%))

Table 4 Clinicopathologic characteristics of mutant p53
expression in gallbladder carcinoma

Characteristics n + %

Tumor differentiation

Good 22 13 59.1

Moderate-poor 27 17 63.0
Nevin staging

SIASPASS 19 9 474

54, S5 30 21 70.0°
Lymph node metastasis

Yes 27 20 74.1

No 22 10 45.5°

°P<0.05 s “S1, S2, S3” group; “P<0.05 vs yes group.

est vascular density within the tumor. Vessels were counted
in the five regions of the highest vascular density at X200
fields (Olympus BH-2 microscope, 0.74 mm” per field).
MVC was the mean number of vessels in these areas.

Statistical analysis

The relationship between p53 or VEGF expression and
MVC was evaluated by ~test, and the relationship between
p53 and VEGF expression and various clinicopathologic
factors was examined by the 5’ test. P<0.05 was considered
statistically significant.

RESULTS
Expression of VEGF, p53, and MVC

The microvessels in malignant tissues were heterogeneously
distributed. These neovascular areas occurred anywhere
within the tumor but most frequently at the tumor margins
(Figure 1A). The immunoreactive regions of VEGF were
located in cytoplasms or membranes of the gallbladder
carcinoma cells (Figure 1B). The immunoreactive regions
of mutant p53 were located in the nuclei of the gallbladder
carcinoma cells (Figure 1C).

Clinicopathologic characteristics of MVC, VEGF, and p53
expressions

The average MVC in 49 cases of gallbladder carcinoma
was (35+12)/HP. MVC was markedly higher in cases
of Nevin stage S4-S5 than in those of §1-83 (P<0.01).
MVC in moderate-poor differentiation group was higher
than that in good differentiation group (P<0.05). MVC

Patients, MVC
VEGF(+) VEGF(-) Total
p53(+) 27 (55.1%) 3 (6.1%) 30 (61.2%)
41+9 35+10 36110
P53() 4 (8.2%) 15 (30.6%) 19 (38.8%)
36+12 28+13° 30+12°
Total 31 (63.3%) 18 (36.7%) 49 (100%)

37+11 30+12°

P<0.05 vs others, “P<0.05 vs “VEGF(+)” group, ‘P<0.05 vs “p53(+)” group.

in patients with lymph node metastasis was significantly
higher than that in those without lymph node metastasis
(P<0.01, Table 2).

The positive rate of VEGF expression was 63.3%
in these 49 cases and was higher in cases of Nevin stage
S4-S5 (76.7%) than in those of S1-S2 (42.1%) (P<0.05).
The positive rate of VEGF expression was not correlated
with tumor differentiation (P>0.05). With regard to the
association with lymph node metastases, the positive rate
of VEGF expression was significantly higher in patients
with metastasis than in those without metastasis (P<0.05,
Table 3).

The positive rate of mutant p53 expression was
61.2% in these 49 cases and was lower in cases of Nevin
stage S1-83 (47.4%) than in those of S4-S5 (70.0%),
the difference was statistically significant (P<0.05). The
positive rate of mutant p53 expression was not correlated
with tumor differentiation (P>0.05). With regard to the
association with lymph node metastases, the positive rate
of p53 expression was significantly higher in patients with
metastasis than in those without metastasis (P<0.05, Table
4).

Correlation between p53, VEGF, and MVC

Table 5 shows the relationships between MVC and the
presence of p53 and VEGE Staining status was identical
in 27 of 49 tumors (55.1%), and a significant (P<0.05)
association between p53 and VEGF expression was
demonstrated. The MVC in tumors that were p53 or
VEGTF positive was significantly (P<0.05) higher than
that in p53- or VEGF-negative tumors. Moreover, the
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mean MVC in tumors of all the subgroups that were both
p53 and VEGF positive was the highest, while the mean
MVC was significantly lower in patients with tumors that
were both p53 and VEGF negative than in all the other
subgroups.

DISCUSSION

In 1971, Folkman proposed that tumor growth depends on
angiogenesis. Now there is considerable indirect and direct
evidence that tumor growth is dependent on angiogenesis.
Numerous studies showed that neovascularization is
closely associated with growth, invasion, metastasis, staging
U221 " Our study also indicated
that angiogenesis was correlated with the Nevin staging
and tumor differentiation. The higher the staging is, the
poorer the differentiation and the higher the level of MVC
are in gallbladder carcinoma. Since MVC is of prognostic
value, we investigated whether this holds true for VEGF
expression as well. Our findings demonstrate that both
VEGTF expression and MVC are significantly elevated in
patients with disease progression and depend on each
other. Tumors with established poor outcome (staging,
MVC) are likely to produce higher levels of VEGF,
suggesting that VEGF significantly contributes to the poor
outcome in these patients.

The most common genetic alteration in various
cancers is loss of the p53 tumor suppressor gene function.
P53 protein has various important functions in cellular
integration, including cell growth control, response to
DNA damage, checkpoint mechanisms during the cell
cycle, regulation of transcription and control of genomic
stability. It is suggested that p53 protein may play a role in
suppressing angiogenesis™* ", In addition, it was reported
that a pathway from p53 regulating VEGF induces
angiogenesis in cellular transfection models"”. In the
present study, we explored the possibility of a relationship
between aberrant p53 and VEGF expression and tumor
angiogenesis in gallbladder carcinoma. We observed that
VEGF-positive tumors had significantly more microvessels
than VEGF-negative tumors. Our findings agree with
other studies | suggesting that VEGF-induced tumor
angiogenesis plays an important role not only in tumor
progression but also in metastasis. Although little is
known concerning the VEGF regulatory pathways, Kieser
et al"” reported that mutant-type p53 might stimulate
VEGF expression. In the present study, p53 and VEGF
expression status coincided in 27 of 49 (55.1%) tumors,
and a significant association was found between the two
factors. Moreover, MVC was the highest in p53 and VEGF
positive tumors and the lowest in p53 and VEGF negative
tumors. These results suggest not only the existence of a
p53-VEGF regulatory pathway in gallbladder carcinomas,
but also a possible role of such a pathway in regulating
tumor angiogenesis in this type of cancer. These further
suggest that tumors that have lost p53 suppressor function
not only permit uncontrolled cell growth, but also possibly
produce a suitable environment for hematogenous
metastasis by stimulating VEGF-induced angiogenesis in
the primary site of carcinoma. In contrast, tumors with
preserved p53 function and angiogenic inhibitory pathway

and prognosis of tumors
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are less possible to progress, and the p53 gene may
therefore contribute to better prognosis.

In conclusion, our results demonstrate that abnormal
p53 accumulation is closely associated with VEGF
expression and tumor vascularity in human gallbladder
carcinoma. P53 plays a critical role in suppressing
tumor growth by regulating tumor angiogenesis. Clinical
application of combined analysis of p53 and VEGF
expression may be useful for predicting the clinical staging,
occurrence of metastasis in patients with this disease.
More prospective studies should be made to prove our
findings.

REFERENCES

1 Weidner N, Semple JP, Welch WR, Folkman J. Tumor
angiogenesis and metastasis--correlation in invasive breast
carcinoma. N Engl | Med 1991; 324: 1-8

2 Macchiarini P, Fontanini G, Hardin MJ, Squartini F, Angeletti
CA. Relation of neovascularisation to metastasis of non-small-
cell lung cancer. Lancet 1992; 340: 145-146

3 Liu XP, Song SB, Li G, Wang DJ, Zhao HL, Wei LX.
Correlations of microvessel quantitation in colorectal tumors
and clinicopathology. Shijie Huaren Xiaohua Zazhi 1999; 7: 37-39

4 Gao GL, Yang Y, Yang SF, Ren CW. Relationship between
proliferation of vascular endothelial cells and gastric cancer.
Shijie Huaren Xiaohua Zazhi 2000; 8: 282-284

5 Jia L, Chen TX, Sun JW, Na ZM, Zhang HH. Relationship
between microvessel density and proliferating cell nuclear
antigen and prognosis in colorectal cancer. Shijie Huaren
Xiaohua Zazhi 2000; 8: 74-76

6 Liotta LA, Steeg PS, Stetler-Stevenson WG. Cancer metastasis
and angiogenesis: an imbalance of positive and negative
regulation. Cell 1991; 64: 327-336

7 Song ZJ, Gong P, Wu YE. Relationship between the expression
of iNOS,VEGF,tumor angiogenesis and gastric cancer. World |
Gastroenterol 2002; 8: 591-595

8 Liu H, Wu JS, Li LH, Yao X. The expression of platelet-
derived growth factor and angiogenesis in human coloreactal
carcinoma. Shijie Huaren Xiaohua Zazhi 2000; 8: 661-664

9 Ng IO, Poon RT, Lee JM, Fan ST, Ng M, Tso WK. Microvessel
density, vascular endothelial growth factor and its receptors
Flt-1 and Flk-1/KDR in hepatocellular carcinoma. Am | Clin
Pathol 2001; 116: 838-845

10 Joo YE, Sohn YH, Joo SY, Lee WS, Min SW, Park CH, Rew
JS, Choi SK, Park CS, Kim YJ, Kim SJ. The role of vascular
endothelial growth factor (VEGF) and p53 status for
angiogenesis in gastric cancer. Korean | Intern Med 2002; 17:
211-219

11  Ferrara N, Henzel W]. Pituitary follicular cells secrete a novel
heparin-binding growth factor specific for vascular endothelial
cells. Biochem Biophys Res Commun 1989; 161: 851-858

12 Fidler IJ, Ellis LM. The implications of angiogenesis for the
biology and therapy of cancer metastasis. Cell 1994; 79: 185-188

13 Kondo Y, Arii S, Furutani M, Isigami S, Mori A, Onodera
H, Chiba T, Imamura M. Implication of vascular endothelial
growth factor and p53 status for angiogenesis in noninvasive
colorectal carcinoma. Cancer 2000; 88: 1820-1827

14 Wizigmann-Voos S, Plate KH. Pathology, genetics and cell
biology of hemangioblastomas. Histol Histopathol 1996; 11:
1049-1061

15 Arii S, Mori A, Uchida S, Fujimoto K, Shimada Y, Imamura
M. Implication of vascular endothelial growth factor in the
development and metastasis of human cancers. Hum Cell 1999;
12: 25-30

16 Kieser A, Weich HA, Brandner G, Marmé D, Kolch W.
Mutant p53 potentiates protein kinase C induction of vascular
endothelial growth factor expression. Oncogene 1994; 9: 963-969

17 Volpert OV, Dameron KM, Bouck N. Sequential development
of an angiogenic phenotype by human fibroblasts progressing



Tian Y et al. p53 and VEGF expression on the determination of gallbladder carcinoma vascularity

419

18

19

20

21

22

23

to tumorigenicity. Oncogene 1997; 14: 1495-1502

Nevin JE, Moran TJ, Kay S, King R. Carcinoma of the
gallbladder: staging, treatment, and prognosis. Cancer 1976;
37:141-148

Tian Y, Zhu LL, Guo RX, Fan CF. Correlation of P-glycoprotein
expression with poor vascularization in human gallbladder
carcinomas. World | Gastroenterol 2003; 9: 2817-2820
Niedergethmann M, Hildenbrand R, Wostbrock B, Hartel
M, Sturm JW, Richter A, Post S. High expression of vascular
endothelial growth factor predicts early recurrence and poor
prognosis after curative resection for ductal adenocarcinoma
of the pancreas. Pancreas 2002; 25: 122-129

Nieméller K, Jakob C, Heider U, Zavrski I, Eucker J,
Kaufmann O, Possinger K, Sezer O. Bone marrow angiogenesis
and its correlation with other disease characteristics in
multiple myeloma in stage I versus stage II-III. | Cancer Res
Clin Oncol 2003; 129: 234-238

Takahashi R, Tanaka S, Kitadai Y, Sumii M, Yoshihara M,
Haruma K, Chayama K. Expression of vascular endothelial
growth factor and angiogenesis in gastrointestinal stromal
tumor of the stomach. Oncology 2003; 64: 266-274

Onogawa S, Tanaka S, Oka S, Morihara M, Kitadai Y, Sumii M,
Yoshihara M, Shimamoto F, Haruma K, Chayama K. Clinical
significance of angiogenesis in rectal carcinoid tumors. Oncol

24

25

26

27

28

29

Rep 2002; 9: 489-494

Mazurek A, Pierzynski P, Ku¢ P, Kopinski P, Terlikowski
S, Niklifiska W, Trojan J, Laudanski T. Evaluation of
angiogenesis, p-53 tissue protein expression and serum VEGF
in patients with endometrial cancer. Neoplasma 2004; 51:
193-197

Nayak A, Ralte AM, Sharma MC, Singh VP, Mahapatra AK,
Mehta VS, Sarkar C. p53 protein alterations in adult astrocytic
tumors and oligodendrogliomas. Neurol India 2004; 52: 228-232
Liu J, Shibata T, Qu R, Ogura M, Hiraoka M. Influences of the
P53 status on hypoxia-induced gene expression. | Radiat Res
2004; 45: 333-339

Cao W, Chen X, Dai H, Wang H, Shen B, Chu D, McAfee
T, Zhang ZF. Mutational spectra of p53 in geographically
localized esophageal squamous cell carcinoma groups in
China. Cancer 2004; 101: 834-844

Takahashi Y, Bucana CD, Cleary KR, Ellis LM. p53, vessel
count, and vascular endothelial growth factor expression in
human colon cancer. Int | Cancer 1998; 79: 34-38

Kang SM, Maeda K, Onoda N, Chung YS, Nakata B,
Nishiguchi Y, Sowa M. Combined analysis of p53 and vascular
endothelial growth factor expression in colorectal carcinoma
for determination of tumor vascularity and liver metastasis.
Int ] Cancer 1997; 74: 502-507

S- Editor Wang XL and Guo SY L- Editor Elsevier HK E- Editor Liu WF

www.wjgnet.com



