PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(22):3261-3263
World Journal of Gastroenterology
Copyright © 2004 by The WJG Press | SSN 1007-9327

e COLORECTAL CANCER e

Expression of vascular endothelial growth factor-C and the
relationship between lymphangiogenesis and lymphatic metastasis

in colorectal cancer

Yi-Tao Jia, Zhong-Xin Li, Yu-Tong He, Wei Liang, Hui-Chai Yang, Hong-Jun Ma

Yi-Tao Jia, Wei Liang, Department of Oncology, the People’s
Hospital of Hebel Province, Shijiazhuang 050051, Hebei Province, China
Zhong-Xin Li, Yu-Tong He, Hui-Chai Yang, Department of
Surgery, the Forth Hospital of Hebei Medica University, Shijiazhuang
050011,Hebel Province, China

Hong-Jun M a, Experimental Centre of Electron Microscopy of Hebel
Medical University, Shijiazhuang 050011, Hebei Province, China
Correspondenceto: Dr. Zhong-Xin Li, Department of Surgery, the
Forth Hospital of Hebei Medical University, Shijiazhuang 050011,
Hebei Province, China

Telephone: +311-6033941-347

Received: 2003-12-23 Accepted: 2004-03-02

Abstract

AIM: To investigate the expression of vascular endothelial
growth factor-C (VEGF-C) and the relationship between VEGF-
C and lymphangiogenesis, lymph node metastasis in colorectal
cancer.

METHODS: Fifty six cases of colorectal cancer were selected
randomly. Expression of VEGF-C was detected by immuno-
histochemistry, and lymphatic vessels were stained by enzyme
histochemical method.

RESULTS: VEGF-C expression was found in 66.7% (37/56)
patients. In VEGF-C positive and negative patients, the
lymphatic vessel density was 25.16%+7.52 and 17.14+7.22,
respectively (P<0.05). The rate of lymph node metastasis
in VEGF-C positive patients (81.1%) was significantly higher
than that in the negative group (42.1%).

CONCLUSION: VEGF-C expression may induce lymphangi-
ogenesis in colorectal cancer, as a result, tumor cells can
entry the lymphatic vessels easily. VEGF-C may serve as a
useful prognotic factor in colorectal carcinoma.
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INTRODUCTION

Colorecta cancer isacommon cause of death throughout the
world including China. The lymphatic system is the primary
pathway of metastasis for gastrointestinal tract malignancies,
and the extent of lymph node involvement is akey prognostic
factor for the outcome of patients. However, the mechanism of
lymphatic metastasis remains unclear.

Lymphangiogenesis, the development of new lymph vessds,
isarelatively new area of clinical investigations. Recently,
vascular endothelial growth factor C (VEGF-C) has been
identified asanew member of the VEGF family!™3, andisbelived

to be the only lymphangiogenic factor in the VEGF family. It
activates both vascular endothelial growth factor receptor 2
(VEGFR-2) and VEGFR-31*4. VEGF-Cinducesthepraliferation
of lymphatic vessels in the stroma of gastric carcinoma by
activating VEGFR-3 in lymphatic endothelial cells®. But the
precise role of VEGF-Cin colorectal cancer hasnot been clearly
understood. Therefore, in the current study, we used an enzyme-
histochemica method for 5'-nucleotidase (5'-Nase) to digtinguish
lymph vessdlsin colorecta carcinoma, and immunohistochemistry
to examinethe correlation between the expression of VEGF-C,
lymphangiogenesis and the clinicopathol ogic features.

MATERIALS AND METHODS

Patients

Fifty-six Chinese colorectal carcinoma patientswere surgicaly
treated in the Department of Surgery, the Forth Hospital of
Hebei Medica University, Chinafrom 2001 to 2002. Thepatients
included 34 maesand 22 females, and ranged in agefrom 33 to
75 years (average age 58.5 years). Thelesionsincluded 13 colon
cancers and 43 rectal cancers, two patients with stage |, 17
patients with stage 11, 34 patients with stage I11 and three
patientswith stagelV.

Immunohistochemistry

Immunohistochemical stainingfor VEGF-Cwasperformedusing
the streptavidin-peroxidase technique. Formalin fixed and
paraffin embeded tissues were cut into 4 um thick sections and
placed on saline coated dides. After deparaffinizationin xylene
and rehydration, endogeneous peroxidase activity was blocked
after incubated with 30 mL/L hydrogen peroxidasefor 20 min.
Tissue sections were then autoclaved at 121 °C in 10 mmol/L
citrate buffer (pH 6.0) for 10 minfor antigen retrieval and cooled
at room temperature for 30 min, them incubated for 3 hwith a
1:40dilution of anti-VEGF-C rabbit polyclonal antibody (Santa
Cruz Biotech, USA). Bound peroxidase was visualized using a
solution of diaminobezidine as chromogen, and nuclei were
counterstained with hematoxylin. Scoring was carried out by
two independent observers who were blinded to the patient’s
status. Positive staining was defined as the presence of VEGF-
C immunoreactivity in at least 10% of tumor cells.

Enzyme-histochemistry

Cryosections (7 um thick) of tissue were processed for 5’-
nucl eotide-alkaline phosphatase (5’ -Nase-AL Pase) doublestaining
accordingto Ji etal.’sreportl®. After rinsedin 0.1 mol/L cacodylate
buffer (pH 7.2), specimenswereincubated in thereaction medium
for 5'-Nasefor 50 minat 37 ‘Cwith 5 -adenosine monophosphate
(AMP) (Sigmachemical, St. Louis, MO, USA ) asasubstrate,
lead nitrate (Sigma, USA) as a capture agent, and 2 mmol/L L-
tetramisole (Sigma, USA) asan inhibitor of nonspecific alkaline
phosphatase. After washed with distilled water, the tissues were
treated with 10 mg/L ammonium sulfide solution for 1 min at
roomtemperature. Then, the sectionswereincubated inthereaction
medium for ALPasefor 30 min at 4 °C with fast blue BB, N,N-
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dimethylformamide, naphtol AS-MX phosphate (Sigma, USA).

Lymphatic vessel density (LVD) counting

The stained sections were screened at x40 magnification to
identify the regions of the highest vascular density within the
tumor. Lymphatic vesselswere counted in 3 regionsof the highest
vascular density at x100 magification. The number of lymphatic
vessels was the mean of vesselsin these areas.

Statistical analysis

The data were analysed by t test and x? test. All reported P
values weretwo-sided, and P <0.05 was considered stetistically
significant.

RESULTS

Immunohistochemistry

In specimens of normal colorectal mucosa, no VEGF-C protein
wasstained. Among the 56 examined tumors, 37 (66.7%) showed
VEGF-C protein expression in the cytoplasm (Figure 1).
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Figure 1 VEGF-C in cytoplasm of colorectal adenocarcinoma
(SP x200).

Enzyme-histochemistry

Lymphatic vessels were 5'-Nase positive (brown) and blood
vessels were AL Pase positive (blue). The most lymphatic
vesselswere enlarged and dilated especialy in peritumor aress.
Thewadlsof lymphetic vesselswerethinner than that of blood vessdls
and their profiles of lumens were more irregular. While the
intratumoral lymphtic vesselswerestrip-like (Figure 2). TheLVD
of VEGF-C positivetumors(25.16+7.52) wassignificantly higher
than that of VEGF-C negativetumors(17.14+7.22) (P = 0.04).
No significant lymphangiogenesis was observed in normal and
adenoma tissues.

Figure 2 Positive 5’-Nase (brown) and ALPase (blue) in lym-
phatic and blood vessels (x100).

Correlation between VEGF-C and clinicopathologic factors

VEGF-C expression was observed frequently in patients with
colorectal carcinoma. A positive association between VEGF-C
expression and lymphatic metastasis was observed (P<0.05,
Table 1). However, no significant correlations with gender,

histologic differentiation, invasivedepth, TNM stagewereobserved.

Table 1 Relationship between expression of VEGF-C and
clinicopathologic features in colorectal carcinoma

VEGF-C
Characteristic n - P
(+) =)
Male 34 25 9
Gender 0.143
Female 22 12 10
Lymph node
(+) 37 30 8
metastasis 0.007
(=) 9 8 11
Well 40 25 15
Differentiation 0.372
Poorly 16 12
Muscularis 17 10 7
Invasion depth 0.499
Adventitia 39 27 12
I-11 19 13 6
Stage 0.790
1H-1v 37 24 13
DISCUSSION

Clinica and pathological data pointed to the metastasis of solid
tumorsviathelymphaticsasanimportant early eventin metastatic
diseased”. However, little has been achieved in lymphangiogenesis
and the role of lymphangiogenesisin promoting the metastasis
of tumor cellsviathe lymphatic vessels. Thismight, in part, be
due to difficulty in studing lymphatic vessels because of their
morphology and lack of lymphatic-specific markers'®7.
Approximatly 10 years ago, Kato et al.’® devel oped an enzyme-
histochemical method for 5’ -Nase-AL Pase to distinguish
lymphatic vessels from blood vessels. Many other markers
such as LY VEL and podoplanin were found later’®'®. Now,
lymphangiogenesisor new lymphatic vessel growth hasbecome
an exciting area of reaserch in cancer biology!*¥. So far, the
occurrence and involvment of lymphangiogenesis have been
demonstrated in some experimental mousetumors, human head
and neck cancers, oral squamous cell cancer by using these
markersi®?, Similarly, in our study, lymphangiogenesis was
observed in primary colorectal carcinomas, and the vicinity of
tumor was the dominant region. Mogt of lymphatic vesselswere
dilated, as aresult, tumor cells could invade the lymphatics
easily. On the other hand, most of the intratumor lymphatic
capillaries were strip-like. 1t is believed that tumor cells could
utilize peritumoral lymphatics to spread, while intratumoral
lymphatics should be regarded as an additiona pathway rather
than a necessity for metastasisi*”.

Vascular endothelia growth factor-C (VEGF-C) isthefirst
lymphangiogenic factor identified. Moreover, there is ample
evidencefor the expression of VEGF-C in human tumors. But
the precise role of VEGF-C in colorectal cancer is less well
understood. With respect to VEGF-C expression, several authors
have demonstrated associations between this growth factor
expression and poor clinicopathol ogical outcome®®?, Immuno-
histochemical detection of VEGF-C expression at the deepest
invasive site of colorectal carcinomawas found in about 50%
advanced tumors. Furudoi et al ' suggested that the expression
of VEGF-C was correl ated with lymphatic and venousinvasion,
lymph node status, Dukes stage, liver metastasi's, depth of invasion,
poorer histological grade and microvessel density.

Itiswidely known that VVEGF-C can bind to both VEGFR-2
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andVEGFR-3. Activation of VEGFR-2 resultsinthemitogenesis
of vascular endothelial cells. In contrast, VEGFR-3 activation
by VEGF-C is considered to induce proliferation of lymphatic
endothelia cells. Thus, angiogenic versus lymphangiogenic
responses to VEGF-C have been found to depend on the
expression of itsreceptorsin blood versuslymphatic endothelial
cellsof thetarget tissud?. In addition, the activation of lymphatics
by VEGF-C is considered to induce secretion of chemokines
and similar factors by the lymphatic endothelium, thus attracting
tumor cells and facilitating their entry into lymphatics®.
BesidesVVEGF-C, another new member of VEGFfamily, VEGF-D,
could a so stimulate lymphangiogenesisby activating VEGFR-3
in human tumorg®-*3. But the relationship between VEGF-C
and VEGF-D expressions, as well as the role of VEGF-D in
human tumorsis still unclear.

In summary, our findings demonstrate a causal role of
lymphangiogenesis in tumor metastasis, suggesting VEGF-C
expression is related to the high incidence of metastasisin
colorectd carcinoma However, themechanismof lymphangiogenesis
isextremely complex, whichisasubject of ongoing investigation.
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