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Abstract. Colorectal cancer is a common malignant disease, 
the incidence of which is increasing worldwide, therefore, 
identifying novel prognostic factors to improve adjuvant 
therapeutic strategies or postoperative monitoring is required. 
Angiogenesis, which is assessed by microvessel density 
(MVD), is significant in tumor growth and metastasis. 
However, the association between angiogenesis and clinical 
outcome remains controversial. In the present study, 84 surgi-
cally resected cases of colorectal cancer were examined to 
clarify the clinicopathological significance of vascular endo-
thelial growth factor (VEGF), thymidine phosphorylase (TP) 
and cluster of differentiation (CD)34 expression levels. VEGF 
expression was identified to be significantly correlated with TP 
expression (r=0.45; P<0.0001) and MVD in the high VEGF 
expression group was observed to be significantly greater 
than that in the low VEGF expression group (P=0.0194). In 
the Dukes' stage D group, the MVD in the high TP expres-
sion group was significantly greater than that in the low TP 
expression group (P=0.0149). High VEGF expression was 
subsequently correlated with a short overall survival rate 
for patients exhibiting lymph node metastasis (P=0.0128); 
however, there was no significant difference in overall survival 
rate regarding the expression levels of TP and CD34. The 
results of the present study indicate that VEGF expression 
may serve as a prognostic factor for colorectal cancer patients 
exhibiting lymph node metastasis. Furthermore, angiogenesis, 
as assessed by MVD, is an important prognostic factor for 
tumor growth at the primary site.

Introduction

Colorectal cancer is a common malignant disease, with 
an increasing incidence worldwide and remains one of the 
leading causes of mortality, globally (1). In recent years, it 
has become the leading cause of cancer-associated mortality 
in Japanese females (2). The TNM classification and Dukes' 
staging system are useful for determining the colorectal 
cancer stage in patients (3). However, these conventional 
staging procedures cannot precisely predict the cancer 
prognosis, as many patients at the same colorectal cancer 
stage experience various clinical outcomes. Therefore, the 
identification of novel prognostic factors to improve adju-
vant therapeutic strategies or postoperative monitoring is 
required (4).

Angiogenesis, commonly assessed by the microvessel 
density (MVD), is involved in the formation of new blood 
vessels, and is important for tumor growth and metas-
tasis (5,6). The association between angiogenesis and the 
clinical outcome of colorectal cancer is currently controver-
sial and inconclusive, although colorectal cancer has been 
one of the most widely investigated types of tumor (7-9). 
In a previous study, a regimen of combined chemotherapy 
with a monoclonal anti-vascular endothelial growth factor 
(VEGF) antibody resulted in improved patient survival (10). 
Therefore, angiogenesis in colorectal cancer is considered to 
be a particularly interesting research field.

VEGF is a potent angiogenic factor, which stimulates 
endothelial cell proliferation, survival and vascular matura-
tion (10). Various studies have demonstrated that the VEGF 
expression level correlates with angiogenesis (11,12) and 
tumor progression in colorectal cancer (13,14); however, the 
prognostic value of VEGF expression levels in colorectal 
cancer remains to be fully elucidated.

Thymidine phosphorylase (TP), also termed platelet 
derived endothelial cell growth factor, is an essential enzyme 
for the activation of fluoropyrimidine, as well as an angio-
genic factor (15,16). TP exerts distinct and contradictory 
biological functions (17) that complicate the analysis of its 
contribution to predicting the response to therapy or the 
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prognosis. Despite various studies regarding TP (18-24), the 
clinical applications of TP in colorectal cancer continue to be 
insufficient (25).

In the present study, the expression of VEGF, TP and cluster 
of differentiation (CD)34 as a marker of MVD were examined 
in 84 cases of colorectal cancer. These factors were assessed 
to elucidate whether they are interrelated, and to establish 
whether expression of VEGF, TP and CD34 is correlated with 
clinicopathologic features and clinical outcomes.

Materials and methods

Patients and materials. Surgically resected tissues of 
84 patients with colorectal cancer were analyzed at the Hirosaki 
University Hospital (Hirosaki, Japan) between January 2005 
and December 2006, after obtaining informed consent from 
each patient to use their clinical records and pathology speci-
mens. The present study was approved by the Research Ethics 
Committee of the Hirosaki University Graduate School of 
Medicine (Hirosaki, Japan). Survival data were obtained from 
hospital medical charts and by contacting patients or their 
families, and the median postoperative follow-up period was 
1,027 (14-1,298) days. The series consisted of 55 males and 
29 females with a median age of 66 years (range, 31-90 years). 
The patients had not received chemotherapy or radiation 
therapy prior to surgery. Forty-seven tumors were located in 
the colon and 37 tumors were in the rectum. Of the 84 cases, 
35 were well-differentiated adenocarcinomas, 43 were moder-
ately differentiated adenocarcinomas and six were poorly 
differentiated adenocarcinomas, mucinous adenocarcinoma, 
and signet-ring cell carcinoma The pathological stage of each 
case at the time of surgery was defined according to the TNM 
classification (3) and Dukes' classification (26) as follows: 
Dukes' stage A (n=8), invasion is not yet through the bowel 
wall; Dukes' stage B (n=26), invasion through the bowel wall; 
Dukes' stage C (n=27), involvement of lymph node metastasis; 
and Dukes' stage D (n=23) involvement of distant organ metas-
tasis. The present study was retrospective and was conducted 
according to the principles of the World Medical Association 
Declaration of Helsinki 1964 (27).

Histopathological and immunohistochemical examina-
tions. For histological examination, the pathology specimens 
were routinely fixed with formalin, embedded in paraffin, 
thin-sectioned (4 µm), and stained with hematoxylin and eosin 
(all from Muto Pure Chemicals Co., Ltd., Tokyo, Japan). Each 
lesion was graded histologically according to the Japanese 
Classification of Colorectal Carcinoma (28). The degree of 
lymphatic (ly) and venous (v) invasion were classified into 
the following four categories: i) ly0/v0, no invasion; ii) ly1/v1, 
minimal invasion; iii) ly2/v2, moderate invasion; and iv) ly3/v3, 
severe invasion. The budding grade, defined as an isolated single 
cancer cell or a cluster composed of fewer than five cancer cells, 
was classified as follows: grade 0, no budding; grade 1, 1‑4 foci 
in one histological section; grade 2, 5-9 foci in one histological 
section; and grade 3, ≥10 foci in one histological section (29).

In each case, one representative histological specimen at 
the deepest invaded area of the colorectal cancer lesion was 
selected for immunohistochemistry. Sections (thickness, 
4 µm) were mounted on silane-coated glass slides (Muto Pure 

Chemicals Co., Ltd.). The primary antibodies used for immu-
nohistochemistry were rabbit anti-VEGF polyclonal antibody 
(1:100 dilution; cat. no. sc-152; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA), mouse anti-TP monoclonal antibody 
(clone 1C6-203; 1:500 dilution; cat. no. 1C6-203; Chugai 
Pharmaceutical Co., Ltd., Research Center, Kamakura, 
Japan) and mouse anti-CD34 monoclonal antibody (1:200 
dilution; cat. no. M7165; Dako, Glostrup, Denmark). For 
antigen retrieval, sections were heated in a microwave oven 
for 20 min in 10 mM citrate buffer (Muto Pure Chemicals Co., 
Ltd.). The staining was performed following a streptavidin 
biotin‑peroxidase procedure using a Histofine® kit (Nichirei 
Biosciences, Inc., Tokyo, Japan) according to the manufac-
turer's instructions. All sections were incubated overnight at 
4˚C. The sections were reacted with 3,3'‑diaminobenzidine 
tetrahydrochloride (Merck Millipore, Darmstadt, Germany) 
and counterstained with hematoxylin.

Evaluation of immunohistochemistry. Staining patterns of 
VEGF and TP expression were divided into two groups: High, 
≥50% of staining in the tumor cells; and low, <50% of staining 
in the tumor cells.

MVD was assessed by counting the microvessels that were 
immunostained for the CD34 antigen under a light microscope 
(BX50 microscope; Olympus, Tokyo, Japan). The CD34-stained 
sections were carefully scanned at a magnification of x4 
(low-power field) to identify the regions with the greatest 
number of microvessels (designated as ‘hot spots’) using a 
digital color camera system (DP70; Olympus). In each case, the 
three most vascularized areas within the tumors were selected 
and the individual vessels were counted under a magnification 
of x20 (high‑power field). The mean count from each of the 
three regions was recorded for analysis as MVD and expressed 
as the number of vessels/high‑power field (30). In addition, the 
specimens were divided into the following two groups: High, 
≥81.33 (mean value) vessels per high‑power field; and low, 
<81.33 (mean value) vessels per high‑power field.

Statistical analysis. Statistical analyses of immunostaining 
were performed using the χ2 test or Fisher's exact probability 
test and Bonferroni correction. Spearman's rank correla-
tion test was used to assess the correlations between VEGF 
and TP expression. Survival curves were calculated using 
the Kaplan-Meier method and differences in survival were 
evaluated using the log-rank test. Excluding the Bonferroni 
correction, P<0.05 were considered to indicate a statistically 
significant difference. All of the statistical evaluations were 
performed using the statistical software package StatView 
(version 5.0; SAS Institute, Inc., Cary, NC, USA).

Results

Immunohistochemical expression levels of VEGF, TP, and 
CD34. Representative immunohistochemical expression 
patterns of VEGF, TP, and CD34 are demonstrated in Fig. 1. 
The associations between clinicopathologic features and 
VEGF/TP expression levels, and MVD are summarized in 
Table I. No significant association was identified between 
VEGF and TP expression levels, and MVD for gender, 
tumor location, histological type, lymph node metastasis, 
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lymphatic invasion, venous invasion or budding. MVD of 
Dukes' stage A cases was observed to be greater than that in 
cases of Dukes' stage D, following performance of multiple 
comparison with Bonferroni correction (P=0.0077; Fig. 2), 
while there was no significant association identified between 
the Duke's classification, and VEGF and TP expression 
levels (Table I).

Correlation between VEGF, TP and MVD. The mean MVD 
of the high VEGF expression group was significantly greater 
than that of the low VEGF expression group (86.5 vs. 66.9, 
respectively; P=0.0194; Fig. 3). In the 23 Dukes' stage D 
cases, the mean MVD of the high TP expression group was 
significantly greater than that of the low TP expression group 
(79.4 vs. 57.9, respectively; P=0.0149; Fig. 4), while the mean 
MVD of all Dukes' stage cases demonstrated no significant 

difference between the high and low TP expression groups. 
A statistically significant correlation between the levels 
of VEGF and TP expression was noted (r=0.45; P<0.0001; 
Fig. 5).

Correlation between patient prognosis and VEGF, TP, and 
MVC. The patient overall survival rate in the high VEGF 
expression group tended to be lower when compared with 
that of the low VEGF expression group (P=0.0716; Fig. 6). 
In the 48 cases of lymph node metastasis, the overall 
survival rate of the high VEGF expression group was signifi-
cantly lower than that of the low VEGF expression group 
(P=0.0128; Fig. 7). However, no significant differences in the 
overall survival rates between the high and low TP expres-
sion groups were identified (P=0.5169; Fig. 8), or between 
the high and low MVD groups (P=0.1827; Fig. 9).

Table I. Association between clinicopathologic features, VEGF and TP expression levels and MVD.

 VEGF TP
 expression expression MVD
 ------------------------------------------------------ ------------------------------------------------------ -----------------------------------------------------
Clinicopathologic Cases High Low  High Low  High Low
featurea n=84 (n=53) (n=31) P-value (n=55) (n=29) P-value (n=39) (n=45) P-value

Gender    0.27   0.15   0.11
  Male 55 37 18  33 22  29 26
  Female 29 16 13  22   7  10 19
Location    0.77   0.57   0.72
  Colon 47 29 18  32 15  21 26
  Rectum 37 24 13  23 14  18 19
Histological type    0.25   0.21   0.11
  Well 35 24 11  23 12  21 14
  Moderate 43 27 16  30 13  16 27
  Poor/Other   6   2   4    2   4    2   4
Lymph node metastasis    0.13   0.84   0.15
  pN0 36 26 10  24 12  20 16
  pN1-4 48 27 21  31 17  19 29
Lymphatic invasion    0.78   0.81   0.63
  ly0-1 45 29 16  30 15  22 23
  ly2-3 39 24 15  25 14  17 22
Venous invasion    0.57   0.76   0.37
  v0-1 62 38 24  40 22  27 35
  v2-3 22 15   7  15   7  12 10
Budding    0.88   0.41   0.21
  Grade 0-1 47 30 17  29 18  19 28
  Grade 2-3 37 23 14  26 11  20 17
Dukes' stage    0.49   0.58   0.047b

  A   8   6   2    7   1    7   1
  B 26 18   8  16 10  13 13
  C 27 14 13  17 10  12 15
  D 23 15   8  15   8    7 16

aClinicopathological feature, according to the TNM classification (3) and the Japanese classification of colorectal carcinoma (7). bStatistical 
significance between stage A and D. VEGF, vascular endothelial growth factor; TP, thymidine phosphorylase; MVD, microvessel density.



KIMURA et al:  ANGIOGENIC FACTORS IN COLORECTAL CANCER1554

Discussion

Angiogenesis is essential for tumor growth and metastasis (5,6). 
The degree of angiogenic activity in tumors was hypothesized 

to define tumor aggressiveness, as a dense vascular network 
ensures an adequate supply of oxygen and nutrients, which 
facilitates tumor growth and invasion, and migration to distant 

Figure 1. Immunohistochemical expression patterns of VEGF, TP and CD34 for MVD. (A) High VEGF expression, ≥50% staining in tumor cells. (B) Low VEGF 
expression, <50% staining in tumor cells. (C) High TP expression, ≥50% staining in tumor cells. (D) Low TP expression, <50% staining in tumor cells. (E) High 
MVD, ≥81.33/field. (F) Low MVD, <81.33/field. Magnification, x20. VEGF, vascular endothelial growth factor; TP, thymidine phosphorylase; CD34, cluster of 
differentiation 34; MVD, microvessel density.

Figure 2. MVD according to the Dukes' stage. MVD of Dukes' stage A 
is significantly higher than that of Dukes' stage D (multiple comparison 
with Bonferroni correction; P=0.0077). The data are expressed as the 
mean±standard deviation. MVD, microvessel density.

Figure 3. MVD in the high and low VEGF expression groups. The mean 
MVD in the high VEGF expression group was significantly greater than that 
of the low VEGF expression group (P=0.0194). The data are expressed as 
the mean±standard deviation. MVD, microvessel density; VEGF, vascular 
endothelial growth factor.

  A   B

  C   D

  E   F
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organs (10). Angiogenesis-stimulating proteins are commonly 
known as angiogenic factors and include VEGF and TP, 
amongst others (4,10). These factors are commonly associated 
with increased MVD and, therefore, to an unfavorable clinical 
course (10). In the present study, a positive correlation was 
demonstrated between VEGF and TP expression levels, and an 
association between VEGF and TP expression and MVD was 
also identified. A high VEGF expression level was identified 
to be correlated with a short overall survival of patients exhib-
iting lymph node metastasis, and MVD of Dukes' stage A was 
observed to be significantly higher than that of Dukes' stage D.

Previous studies have described an association between 
VEGF expression and tumor aggressiveness in various types 
of malignant tumor (31), including colorectal cancer (13). 
Furthermore, various reports regarding colorectal cancer 

specified that VEGF expression was closely correlated with 
tumor angiogenesis (11,12,32), and may be considered an 
independent prognostic factor (1,7,33), while a study indicated 
that there was no apparent correlations (12). In addition, 
previous reports analyzed the positive correlations between a 
high VEGF expression level and lymph node metastasis (1,34), 
while certain studies revealed negative correlations (35,36). In 
the present study, MVD in the high VEGF expression group 
was observed to be significantly higher than that of the low 
VEGF expression group, and patients' overall survival rate 
in the high VEGF expression group tended to be lower when 
compared with that of the low VEGF expression group. A high 
VEGF expression level is considered to be a prognostic factor 
of colorectal cancer, particularly in patients exhibiting lymph 
node metastasis. Previous studies have reported significant 

Figure 7. Survival rate of patients exhibiting lymph node metastasis, 
according to VEGF expression. The overall survival rate of the high VEGF 
expression group was significantly lower than that of the low VEGF expres-
sion group (P=0.0128). VEGF, vascular endothelial growth factor.

Figure 8. Patient survival rate in the high and low TP expression groups. No 
significant difference in overall survival rates was observed between the high 
and low TP expression groups (P=0.5169). TP, thymidine phosphorylase.

Figure 9. Patient survival rate in the high and low MVD groups. No signifi-
cant difference in overall survival rates was observed between the high and 
low MVD groups (P=0.1827). MVD, microvessel density.

Figure 4. MVD in the high and low TP expression groups of Dukes' stage D. 
The mean MVD in the high TP expression group was significantly higher 
than that of the low TP expression group (P=0.0149). The data are expressed 
as the mean±standard deviation. MVD, microvessel density; TP, thymidine 
phosphorylase.

Figure 5. Correlation between the expression levels of VEGF and TP. A sig-
nificant positive correlation was observed between VEGF and TP expression 
(r=0.45; P<0.0001). VEGF, vascular endothelial growth factor; TP, thymi-
dine phosphorylase.

Figure 6. Patient survival rate in the high and low VEGF expression groups. 
The overall survival rate of the high VEGF expression group tended to be 
lower than that of the low VEGF expression group (P=0.0716). VEGF, vas-
cular endothelial growth factor.
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correlations between clinicopathologic features and TP expres-
sion levels (19,35,37), whereas other studies have reported an 
inverse correlation between the TP expression level and lymph 
node/hematogenous metastasis (22); thus, the association 
between TP expression level and clinicopathologic features is 
considered to be controversial (23,37-41). It was hypothesized 
in the current study that the significance of the TP expres-
sion levels is minimal with regard to angiogenesis (which is 
assessed by MVD), when high VEGF expression levels are 
sufficient to induce VEGF‑associated angiogenesis.

Previous studies have demonstrated the correlations between 
high MVD and lymph node or distant metastases (42-47), 
while certain studies reported a significant correlation 
between MVD and hematogenous metastasis, but not with 
lymph node metastasis (8), and that MVD was not associated 
with patient survival (9). The present study demonstrated that 
MVD in Dukes' stage A specimens was higher than that of 
the Dukes' stage D specimens. Therefore, it was hypothesized 
that MVD is an important factor for tumor growth of primary 
colorectal cancer, however, exerts a less significant affect on 
distant metastasis, such as liver metastasis.

In conclusion, the results of the present study indicate that 
VEGF expression levels may serve as a prognostic factor for 
patients with colorectal cancer exhibiting lymph node metas-
tasis. Furthermore, angiogenesis, as assessed by MVD, was 
shown to be an important prognostic factor for tumor growth 
at the primary site.
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