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OBJECTIVE To investigate the relationship between vascular epithelial 

growth factor (VEGF) and cyclooxygenase-2 (COX-2) in melanomas and 

the expressive difference of VEGF and COX-2 between melanomas with 

and without vasculogenic mimicry(VM). 

METHODS Sixty cases of malignant melanomas embedded in paraffin were 

studied. The tumors were divided into a high-grade malignant group and a 

low-grade malignant group based on their tumor type, atypia and survival 

time of the patient. Then tissue microarrays were produced from these 

paraffin -embedded tumor tissues which were stained for VEGF, COX-2 

and PAS. The difference in expression between VEGF and COX-2 in the 

malignant melanomas was compared using a grid-count. In addition, the 

tumors were also divided into mimicry and non-mimicry groups based on 

their PAS staining. Then the differences between the PAS positive and 

negative areas of the 2 groups were compared. 

RESULTS In malignant melanomas with VM, VEGF and COX-2 expression 

was less in tumors in which VM was absent, but VEGF, C�9 expression in 

high-grade malignant melanomas was higher than that in low-grade grade 

malignant melanomas. Expression of VEGF was correlated with COX-2 

expression. 

CONCLUSION VM exists in some high-grade malignant melanomas. The 

differences and relations between VEGF and COX-2 showed that some 

high-grade malignant melanomas possess a unique molecular-mechanism 

of tumor metastasis and blood supply. 
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v M was first described by Maniotis et al. in 1999 t~'2j as a system of 

unique vascular channels through which tumors acquire a blood 

supply for growth and metastasis. VM is different from tumor 

angiogenesis and is formed by a dissimilar molecular mechanism, i3-71 

Research regarding VM has been steadily increasing. Results from our 

study, which involved 60 cases of malignant melanomas stained for 

VEGF, COX-2 and PAS, showed that there was a statistically 

significant correlation between VEGF and COX-2 in these cancers. 

Expression of VEGF and COX-2 was also related to the malignant 

grade of melanomas. The degree of expression of VEGF and COX-2 

in malignant melanomas with VM was less than that found in 

malignant melanomas in which VM was absent. 
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MATERIALS AND METHODS 

Tissue specimens 
Sixty specimens of malignant melanomas from the 

Tianjin Cancer Hospital were selected for this study. 

The specimens chosen were from patients who had 

died of malignant melanoma and whose diagnosis had 

been carefully verified. The tumors used to make 

tissue microarrays were divided into a high-grade 

malignant group and a low-grade malignant group 

based on the tumor type, atypia and survival time of 

the patient. 

The melanomas which had been embedded in 

paraffin were re-examined and sectioned again. Four 

features recorded for each sample included: 

well-differentiated, de-differentiated, site of 

interaction with normal tissue and the site of VM. 

Sections on silica glass slides were used in this study. 

an OLMPUS CH-2 microscope with 16 x 16 D 

gridding magnified 400 x . A total of 256 total cross 

points of the intersecting(Pt) gridding were examined. 

A cross point was counted just when CD31 and PAS 

positive areas covered the cross point, whereas the 

cross point would not be counted when CD31 and PAS 

positive areas laid outside of the cross points. CD31 

and PAS counting must be conducted in the same 

microscopic field. In the same tumor, Pc (positive 

counting points) of CD31 and PAS must be equally 

counted. Each side of the micro square (d) is the same 

and the test area is At=Pc x d 2. 

Statislical methods 
A SPSS tbr Windows 10.0 statistical software package 

was used to conduct the ranks sum test and produce 

correlations. A difference with P <0.05 was considered 

significant. 

lmmunohistochemical methods 
VEGF and COX-2 immunohistochemically staining 

was performed with a common 2-way technique. 

Briefly, tissues used for the microarray sections were 

deparaffmized in xylene and rehydrated in a series of 

ethanol solutions (100-75%).  The endogenous 

peroxidase activity was blocked by incubation in a 3% 

methanolic hydrogen peroxide solution for 10 min. 

The sections were then microwaved in 20 mM citric 

acid solution for 12 min to retrieve antigens followed 

by preincubation with 10% non-immune serum to 

block the non-specific binding with the second 

antibody. Subsequently the tissue microarray sections 

were incubated at 4~ overnight with mouse 

anti-VEGF and COX-2 antibodies (Sigma Chemical, 

St. Louis, Mo., USA). After being washed 3 times for 

6 rain, the sections were incubated with common 

IgG-HRP at 37~ for 10 rain. This was followed by 

DAB staining. The sections were then rinsed with 

distilled water for 5 rain and incubated with periodic 

acid-Schiff (PAS) for 15 rain. Finally, all of the 

sections were counterstained with hematoxylin. 

Counting methods 
After double staining, counting was conducted using 

RESULTS 

The difference of VEGF expression between highly 
malignant and lowly malignant melanomas and 
the correlation of VEGF with VM 
The results of VEGF immunohistochemical detection 

showed that the VEGF antigen expressed in the tumor 

cytoplasm around the nuclei (Fig. I ) and the degree of 

expression varied with the malignancy of the 

melanomas. Statistical analysis showed that the 

positive area of VEGF expression in highly malignant 

melanomas was somewhat greater than that found in 

lowly malignant melanomas. However, there was no 

significant difference between them because of the 

small number (Table 1). On the other hand, the VEGF 

expression in some highly malignant melanomas with 

VM was lower than in malignant melanomas without 

VM. The difference between them was statistically 

significant(P=0.000, Table 2). 

Furthermore, the grid-counting results indicated that 

the degree of expression of VEGF and COX-2 was 

correlated (r=0.568, P=-0.000). Morphologic observa- 

tion showed that not only were the positive areas be- 

tween VEGF and COX-2 identical but the positive de- 

grees of expression were identical. 
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Table 1. Comparison of VEGF expression between highly Table 3. Comparison of COX-2 expression between highly 
malignant melam)mas and lowly malignant melanomas malignant and lowly malignant melanomas 

Group n x + SD t P Group n x .+ SD t P 

High rrmlignaney 30 180.3_+ 67.7 ttigh malignancy 30 188.6• 59.2 
1.666 0.101 3.141 0.003 

Low malignancy 30 149.7.+ 74.2 Low malignancy 30 i 32.5+ 77.9 

Table 2, Compari~n of VEGF expression between highly 

malignant melanomas with or withcmt VM. 

Group n x .+ SD t P 

VM 8 51.0• 49,6 
4.048 0,000 

No VM 52 182.6• 57.8 

Table 4. Comparison of COX-2 expression between high- 

grade malignant melanomas with VM and malignant 

melanonms without VM 

Group n X t SD t P 

VM 8 80.0.+ 86.7 
2.795 0.005 

No VM 52 t72,9• 64.5 

Fig.1. Immunohistochemical staining for VEGF in malignant melanomas 

x 200. 

The COX-2 expression between highly malignant 
and lowly malignant melanomas 
The imnmnohistochemical detection of the COX-2 

antigen showed that it was located in the tumor 

cytoplasm(Fig.2). 

The grid-counting results indicated that COX-2 

expression in highly malignant melanomas was higher 

than in lowly malignant melanomas (P=--O.003) but 

COX-2 expression in malignant melanomas with VM 

was lower than in malignant melanomas without VM. 

The difference showed statistical significance (Table 

3,4). 

Fig.2. Immunohistochemical stains for COX-2 in malignant melanomas 

x 200. 

DISCUSSION 

COX-2 expression in malignant melanomas 
Cyclooxygenase (COX) is the key enzyme in the 

conversion of avachidonic into 20-carbon 

prostaglandins, rs.9~ Cyclooxygenase is comprised of 2 

isoenzymes, COX-1 and COX-2. COX-I takes part in 

the synthesis of physiolo~cal prostaglandins while 

COX-2 participates in the synthesis of pathological 

prostaglandins, f~(~3~ The pathological prostaglandins 

produced may play a role in the regulation of many 

tumor biological behaviors, including tumor 

angiogenesis, survival time and the reaction to 
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treatment. Not only do inflammatory cells such as 

gramdocytes and macrophages contain COX-2. but the 

enzyme is found in some tumor cells too. COX-2 is an 

inducible enzyme and can be activated by many 

biological factors, such as transforming growth 

factor-a. (TGF-~), endothelial cell growth factor 

receptor, endotoxin and cytokines such as IL and 

TNF.I~4'L~ These inducible factors may come from the 

blood and may increase along with the expansion of 

the vasculature. 

It has been reported that inducible COX-2 has 

several biologic effects, such as enhancement of minor 

cell proliferation, inhibition of apoptosis, stimulation 

of  angiogenesis, and inhibition of  

immunosurveillance, t1~-~81 Our study demonstrated that 

the positive expression of COX-2 varied with 

malignancy of  the tumors. The expression of COX-2 

in highly malignant melanomas was higher than that in 

lowly malignant melanomas. This result suggests that 

COX-2 plays an important role in the procession of 

tumor-cell progress. There were many vessels in 

highly malignant melanomas in which VM was 

present. Tumor tissues are supplied with adequate 

oxygen, nutrients as well as other chemical and 

biological substance through VM and blood vessels. 

These chemical and biological substances can cause 

induction of COX-2. resulting in its enhanced 

expression in high-grade malignant melanomas. 

especially in areas located in the tumor tissue 

periphew. This suggest that COX-2 expression is 

regulated bv interaction of mesenchymal cells with 

tumor cells. COX-2 produced by tumor cells in 

progression of the tumor can be suppressed by COX-2 

inhibitors which can restrain tumor cellss metastasis 

by inhibiting the synthesis of MMP-2 and PgE2. t~9~ A 

special COX-2 inhibitor-NS 398 which suppressed the 

synthesis of PgE2 in malignant melanomas can inhibit 

the synthesis of COX-2. ~_oj COX-2 inhibitors can 

influence the COX-2 level of  tmnor cells and decrease 

tumor ceil invasion and metastasisf -~ 

VM and VEGF expression in malignant melanomas 
VEGF is an alkaline protein~ Only tumor cells can 

secret VEGF antigens and its receptor is located on the 

surface of endothelial cells. Anoxia is an important 

condition which can induce the production of 

VEGF. [2~,~] The degree of VEGF expression in highly 

malignant melanomas tended to be more than in 

low-grade malignant melanomas. Because of the rapid 

growth in highly malignant melanomas, the .blood 

supply must be enhanced to satisfy the needs of the 

tumor cells. There are 2 means for the cells to acquire 

a blood supply. One is angiogenesis, the other is VM. 

At an early growth stage, tumor cells prolit~rate 

quickly and the blood supply from angiogenesis is not 

adequate to satisfy this demand. Under these 

circumstances. VM is produced by tumor cells through 

self-translbrmation and reformation of the 

matrix-model. Although VEGF expression tended to 

be greater in highly malignant melanomas than in 

lowly malignant melanomas, its expression m 

melanomas with VM was lower than that in 

melanomas without VM. 

VM and immunohistochemicol detection for VEGF 
and COX-2 
It has been reported that the PgE: level increases with 

COX-2 actwity in tumor cells and that the degree of 

VEGF expression increases with PgE2 levels. ~241 

Prostaglandins play a critical role in the progression of 

tumor cells by regulating tumor angiogenesis, i25~ 

Results from this studies showed that a high level of 

COX-2 and subsequent PgE2 in tumor tissues indicated 

a high degree of malignancy. The level of COX-2 

influenced the prostaglandin level and VEGF 

expression. The level of VEGF was related to 

angiogenesis which can induce tumor cell invasion and 

metastasis. I~l At the same time VEGF can inversely 

influence COX-2 expression by changing the flux of 

blood into the tumor. 

Our studies indicated that both COX-2 and :VEGF 

expression in highly malignant melanomas with VM 

was lower than in melanomas without VM. VEGF 

expression is closely linked to COX-2 expression. The 

reason may be related to VM. Studies from Feleszko et 

al. i191 concluded that the level of. PgE2 varied 

remarkably among different melanoma cell lines 

carried in mice. but the exact reason was unknown. 
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Perhaps VM exists in some melanoma cell lines 

carried in vivo. Because of VM, COX-2 inhibitors 

maybe useful for treatment of some patients bearing 

malignant melanoma. Studies from Tamura et al. r~*l 

indicated that VEGF affected COX-2 expression and 

PgE~ synthesis. Fujiwaki et al. also reported that 

COX-2 expression was associated with high 

micro-vessel density, t~2'~-71 Thus, we conclude that when 

VM in a tumor exists, VEGF expression may be a 

related to COX-2 expression. Tumor cells require a 

plentiful supply of blood, oxygen and nutrition. This 

requirement may induce down-regulation of VEGF 

expression in tumor cells. Down-regulation of VEGF 

expression is consistent with a fall in COX-2 

expression, t2~ 

It has been reported that appropriate doses of aspirin 

can affect the activity of COX-2 in the metabolic 

pathway that forms PgE. ~6~ Animal experiments also 

have shown that a platelet-activated factor, such as 

chuanxiong, a type of Chinese traditional medicine, 

and cycloxygenase inhibitors, such as indomethacin 

can protect endothelial cells from damage. It has been 

documented that VEGF secreted by tumor cells binds 

to receptors located on the surface of endothelial and 

other tissue cells which have VEGF receptors. In the 

procession of malignant melanoma cells that form 

metastatic foci, the tumor cells must pass through the 

walls of vessel lined with endothelial cells. So as 

infiltrative ability increases, the metastatic capacity 

becomes greater. The expression of COX-2, which 

plays an important role in the progression of tumor 

invasion and metastasis, was higher in highly 

malignant melanomas than in lowly malignant 

melanomas. A high level of COX-2 activity can 

damage endothelial cells and induce tumor cells 

metastasis. It ~s possible that COX-2 inhibitors can 

inhibit tumor cell metastasis by protecting endothelial 

cells from damage. 
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