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The incidence of colorectal cancer (CRC) has been 
rising worldwide. Discovery of new prognostic markers 
in CRC patients is necessary to improve the outcomes of 
the disease and to select appropriate treatment [20]. 

Vascular endothelial growth factor (VEGF) is con-
sidered as a possible prognostic marker and as a novel 
therapeutic target in CRC [16]. VEGF is a well-known 
growth factor that induces angiogenesis, which is an 
essential process required for the growth and metastatic 
ability of solid tumors [21] and plays an important role in 
the angiogenic process by stimulating endothelial cell 
proliferation and promoting vascular permeability [16]. 
VEGF overexpression was reported in 65% to 70% of the 
CRCs [5, 21]. The levels of VEGF in primary CRCs was 
found not to predict risk of hepatic metastasis or overall 
survival [1], on the contrary, primary CRCs with high VEGF 
expression was shown to have a high likelihood of recur-
rence [19]. A significant increase in lymphatic involvement, 
lymph node metastasis and tumor size, and a tendency to 
a lower survival ratio were detected in CRC with positive 
VEGF-C (isoform of VEGF) expression [9]. 

The expression of c-erbBs along with other growth 
factor receptors considered to play a role in pathogenesis 
of CRC, but the data on c-erbB-2 to -4 and their clinical 
significance in CRCs are contradictory [1, 7, 8, 12, 13, 15]. 

Previous reports showed that gastrointestinal tumors over-
expressing c-erbB-2 proteins have a greater metastatic 
potential and worse prognosis [2, 3]. Studies that com-
pared c-erbB-2 expression status with clinical outcome on 
multivariate analysis had found c-erbB-2 protein staining 
or gene for amplification to be an independent prognos-
tic factor on survival [16]. Of all of the studies regarding 
c-erbB-2 expression in CRC, the retrospective one with 
the largest patient population included 293 patients, and 
found that patients with c-erbB-2 positive and also p53 
negative tumors had better survival [18].

In the current study, the expression of VEGF, c-erbB-2 
and c-erbB-3 was analyzed in the relations both to clin-
icopathologic parameters and pathogenesis of CRC. 

PATIENTS AND METHODS
Patients and tumor specimens. In total, 85 patients 

who underwent surgery in 1994–2001 were included in 
this study in a retrospective manner. Paraffin-embed-
ded tissue samples were obtained from the appropriate 
pathology department archives. Covariables, including 
demographics, staging, and clinical, pathologic and 
treatment parameters were extracted from patient charts. 
Follow-up information was tabulated with respect to local 
and distant recurrence and patient survival. There were 
69 patients with colorectal carcinoma (24 to 83 years old 
(median 58), female/male ratio 39/30), 16 patients with 
intramucosal carcinomas developed from pre-existing 
adenomas and 37 patients with adenomas (31 to 71 years 
(median 52), female/male ratio 8/8, and 24 to 72 years 
(median 62), female/male ratio 20/17, respectively). 
The tumors were staged according to the operative and 
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histopathological findings using the Dukes’ staging 
system (Table 1).

Table 1. Patients characteristics
Variable No. of patients (%)

Total number 69
Median age, years (range) 58 (24–83)
Median follow-up time, months (range) 27 (2–91)
Sex
Male 30 (43)
Female 39 (57)
Stage at time of diagnosis
Dukes’ A 1 (1)
Dukes’ B 31 (45)
Dukes’ C 26 (38)
Dukes’ D 11 (16)
Tumor location
Rectosigmoid colon 40 (58)
Transvers colon 8 (12)
Descending colon 7 (10)
Ascending colon 14 (20)
Grade of differentiation
Well 34 (49)
Moderate 25 (36)
Poor 10 (15)
Metastatic site
Liver 7
Periton 3
Lung 1

Immunohistochemistry. Paraffin-embedded blocks 
of surgical specimens were cut in 4 µm sections and 
deparaffinised in xylene. Immunohistochemical staining 
was performed using the streptavidin-biotin complex 
peroxidase method. The endogenous peroxidase activ-
ity was blocked by 10 min incubation in 3% hydrogen 
peroxide solution. For antigen retrieval, the slides were 
placed in 10 mM citrate buffer (pH 6.0) and boiled using 
microwave heating for 20 min. Sections were incubated 
with c-erbB-2 (clone2-4001+3B5, prediluted, Neomark-
ers, CA, USA), c-erbB-3 (clone SGP1, predilutted, Neo-
markers, CA, USA), and VEGF (1/400, Takara, Japan). 
3,3’ diaminobenzidin tetrachloride (LabVision, CA, USA) 
was used as a chromogen for visualization. The slides were 
counterstained with hematoxylin. Sections of breast can-
cer tissue for c-erbB-2, skeletal muscle for c-erbB-3 and 
colon carcinoma for VEGF were used as positive controls.

By light microscopy all slides were assessed for 
VEGF, c-erbB-2 and c-erbB-3 membranous and cyto-
plasmic immunostaining by two histopathologists and 
the results were graded as the percentage of positive 
cells and intensity of staining. The immunostaining of 
all of the markers studied exceeding 20% of cells was 
arbitrarily considered as positive [13]. 

Statistical analysis. Possible associations between 
any immunoexpression and clinical/histopathological 
characteristics were determined using the chi-square 
test. Fischer’s exact test was used in a four-field table 
when the number of cases was fewer than 10. The primary 
endpoint in this study was overall survival, as measured 
from the time of diagnosis (defined as the date of surgery). 
The survival function (proportion surviving) and median 
survival time (with 95% confidence intervals [95% CI]) 
were estimated using the Kaplan-Meier curve. To study 
whether gender, age, tumor location, differentiation, tu-
mor stage, and immunoexpression status were independ-
ent prognostic factors on survival, a multivariate stepwise 
logistic regression model was constructed. The hazards 
ratio (95% CI) describes the relative risk of reaching the 

endpoint per unit of time. The correlation variables were 
analyzed with Spearman’s linear correlation. Data analy-
ses were performed with the SPSS statistical software 
package (SPSS, Inc., Chicago, IL). The significance level 
(α level) was p = 0.05 in all of the two-sided results of the 
statistical analysis used in this study. 

RESULTS AND DISCUSSION
VEGF, c-erbB-2 and c-erbB-3 expression in 

colorectal adenomas, intramucosal carcinomas 
and adenocarcinomas. Both in adenocarcinomas 
(including intramucosal carcinomas) and adenomas, the 
expression of immunoproteins was heterogeneous ac-
cording to the extent of staining showing focal or disperse 
accumulation of studied markers in different parts of the 
same tissue sections. Moreover, a certain percentage of 
cells always remained negative. Table 2 shows the immu-
noreactivity of VEGF, c-erbB-2 and c-erbB-3 in colorectal 
adenomas, intramucosal carcinomas and adenocarci-
nomas. Both c-erbB-2 and c-erbB-3 expression was 
found to be lower in intramucosal carcinomas (6 and 0%, 
respectively) than adenomas (65 and 49%, respectively) 
and adenocarcinomas (43 and 49%, respectively) (p = 
0.0001 and 0.005 for c-erbB-2 and 0.0001 for c-erbB-
3). The difference between the expression of c-erbB-2 
in colorectal adenomas and adenocarcinomas (see Ta-
ble 2) was found to be statistically significant (p = 0.036).

Table 2. Comparison of the positive VEGF, c-erbB-2 and c-erbB-3 expres-
sion in colorectal tumors

Tumor type Immunorectivity-positive/total (%)
VEGF c-erbB-2 c-erbB-3

Adenomaa

Tubular 5/7 (71) 0/7 (0) 7/7 (100)
Tubulovillous 15/18(83) 16/18(89) 4/18 (22)
Villous 7/12 (58) 8/12 (67) 7/12 (58)
Intramucosal carcinomab 15/16 (93) 1/16 (6) 0/16 (0)
Adenocarcinoma c 59/69 (86) 30/69 (43) 34/69 (49)
Notes: p (a,b) = 0.0001; p (b,c) = 0.0001; p (a,c) = 0.036 for c-erbB-2; p (b,c) = 
0.005 for c-erbB-3.

VEGF, c-erbB-2 and c-erbB-3 expression and 
clinicopathological parameters. Table 3 shows the 
relation between the expression of VEGF, c-erbB-2 and c-
erbB-3 proteins in comparison with the grade of differen-
tiation, tumor stage and anatomic location of colorectal 
adenocarcinomas. The differences in the expression of 
the studied adenomas were not analyzed statistically as 
the group of patients with tubular adenomas (n = 7) was 
too small to detect a significance without a type II error. 

Table 3. Comparison between the positive VEGF, c-erbB-2 and c-erbB-3 
expression, and clinicopathological features of colorectal adenocarcino-
mas

Variables Immunorectivity-positive/total (%)
VEGF c-erbB-2 c-erbB-3

Grade of diffentiation
Wellw 31/34 (91) 18/34 (53) 20/34 (59)
Moderatem 21/25 (84) 11/25 (44) 11/25 (44)
Poorp 7/10 (70) 1/10 (10) 3/10 (30)
Dukes’ stage
Aa 0/1 (0) 0/1 (0) 1/1 (100)
Bb 27/31 (87) 15/31 (48) 21/31 (68)
Cc 23/26 (88) 10/26 (38) 8/26 (31)
Dd 9/11 (82) 5/11 (45) 4/11 (36)
Tumor location
Rectosigmoid colon 27/29 (93) 12/29 (41) 13/29 (45)
Other parts of colon 32/40 (80) 18/40 (45) 21/40 (53)
Notes: p (w,m) = 0.016; p (m,p) = 0.056 for c-erbB-2; p (b,c) = 0.005; p (b,d) = 
0.069 for c-erbB-3.
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Table 4 shows the results of uni- and multivariate re-
gression analysis of the various clinicopathologic param-
eters in relation to patient survival. The presence of distant 
metastasis and angiolymphatic invasion were identified 
as independent predictors of survival. Multivariate Cox 
proportional hazard analysis for the clinicopathologic 
parameters and the expression of the related immuno-
proteins are shown in Table 5. Comparison of the patients 
with tumors with angiolymphatic invasion for patients with 
tumors without angiolymphatic invasion revealed a 0.21 
hazard ratio for the prognosis of colorectal cancer (p = 
0.0115).

Table 4. Hazard ratios for effect of clinicopathologic characteristics on 
overall survival

Univariate analysis Overall survival
Variables Categories HR (95% CI) p

Age < 45 yrs vs ≥ 45 yrs 0.70 (0.28–1.77) 0.4601
Sex male vs female 0.85 (0.38–1.90) 0.7024
Tumor location colon vs rectum 0.88 (0.39–1.96) 0.7629
Differentiation w vs m + p 0.61 (0.39–1.96) 0.2325
Dukes’ stage A + B vs C + D 0.27 (0.11–0.67) 0.0044*
Distant metastasis M0 vs M1 0.19 (0.08–0.46) 0.0002*
ALI + vs – 0.48 (0.21–1.05) 0.0068*
Multivariate analysis Overall survival
Age < 45 yrs vs ≥ 45 yrs 2.14 (0.78–5.91) 0.1387
Sex male vs female 0.88 (0.53–3.03) 0.5847
Tumor location  colon vs rectum 1.26(0.47–3.40) 0.6365
Differentiation w vs m+p 1.15 (0.42–3.14) 0.7813
Dukes’ stage A + B vs C + D 0.77 (0.22–2.73) 0.6970
Distant metastasis M0 vs M1 0.08 (0.02–0.31) 0.0003*
ALI + vs – 0.20 (0.06–0.66) 0.0079*
Notes: HR — hazard ratio; CI — confidence interval; w = well; m = modera-
te; p —  poor; * — statistically significant. 

Table 5. Hazard ratios for effect of clinicopathologic parameters and posi-
tive expression of VEGF, c-erbB-2 and c-erbB-3, and their combination on 
overall survival using multivariate analysis
Multivariate analysis Overall survival

Variables Categories HR (95% CI) p
VEGF 0–20% vs ≥ 20% 0.93 (0.18–4.67) 0.9353
Age < 45 yrs vs ≥ 45 yrs 2.23 (0.55–8.92) 0.2550
Sex male vs female 1.26 (0.52–3.06) 0.6043

Tumor location colon vs rectum 1.26 (0.46–3.40) 0.6444
Differentiation w vs m + p 1.14 (0.41–3.14) 0.7890
Dukes’ stage A + B vs C + D 0.78 (0.21–2.85) 0.7177

Distant metastasis M0 vs M1 0.07 (0.01–0.32) 0.0005* 
ALI + vs – 0.20 (0.06–0.66) 0.0085*

c-erbB-2 0–20% vs ≥ 20% 1.54 (0.62–3.81) 0.3503
Age < 45 yrs vs ≥ 45 yrs 1.82 (0.63–5.25) 0.2661
Sex male vs female 1.29 (0.54–3.10) 0.5607

Tumor location colon vs rectum 1.20 (0.44–3.25) 0.7099
Differentiation w vs m + p 1.24 (0.44–3.25) 0.6762
Dukes’ stage A + B vs C + D 0.72 (0.19–2.65) 0.6269

Distant metastasis M0 vs M1 0.08 (0.02–0.31) 0.0003*
ALI + vs – 0.21 (0.06–0.68) 0.0096*

c-erbB-3 0–20% vs ≥ 20% 0.58 (0.22–1.50) 0.2687
Age < 45 yrs vs ≥ 45 yrs 2.56 (0.88–7.43) 0.0830
Sex male vs female 1.18 (0.49–2.83) 0.6989

Tumor location colon vs rectum 1.27 (0.47–3.44) 0.6336
Differentiation w vs m + p 1.24 (0.46–3.34) 0.6680
Dukes’ stage A + B vs C + D 0.58 (0.15–2.19) 0.4287
Distant met M0 vs M1 0.08 (0.02–0.33) 0.0004*

ALI  +  vs - 0.20 (0.06–0.66) 0.0088*
VEGF 0–20% vs ≥ 20% 0.86 (0.17–4.26) 0.8536

c-erbB-2 0–20% vs ≥ 20% 1.55 (0.62–3.90) 0.3449
c-erbB-3 0–20% vs ≥ 20% 0.58 (0.22–1.53) 0. 2737

Age < 45 yrs vs ≥ 45 yrs 2.38 (0.57–9.85) 0.2299
Sex male vs female 1.18 (0.48–2.90) 0.7052

Tumor location colon vs rectum 1.20 (0.44–3.28) 0.7193
Differentiation w vs m + p 1.33 (0.47–3.75) 0.5829
Dukes’ stage A + B vs C + D 0.54 (0.13–2.23) 0.3954

Distant metastase M0 vs M1 0.08 (0.02–0.34) 0.0006*
ALI + vs – 0.21 (0.06–0.70) 0.0115*

Notes: HR — hazard ratio; N — normal; CI — confidence interval; w — well; 
m — moderate; p — poor; * — statistically significant.

Figure shows the cumulative survival of the patients 
grouped according to the presence/absence of angi-

olymphatic invasion. For the 69 patients in total, the 
median survival time after diagnosis was 55 months 
(95% CI-46 to 64 months), and the survival ratio at 
60 months of follow-up was 56%, for the patients 
with colorectal adenocarcinoma with angiolymphatic 
invasion — 30 months and 0%, respectively, for the 
patients with colorectal adenocarcinomas without 
angiolymphatic invasion — 61 months and 65%. The 
difference in the survival parameters between patients 
with tumors and with and without angiolymphatic 
invasion group was found to have a trend to a statisti-
cal significance. Log-rank analysis confirmed that 
the presence of angiolymphatic invasion might have 
correlated with poor overall survival (p = 0.0615, see 
Figure). Positive correlations were examined between 
the c-erbB-2 expression and adenoma size, and be-
tween VEGF expression and lymphatic invasion and 
regional lymph node involvement (p < 0.05 for each 
comparison).

Figure. The Kaplan-Meier curves for the with (– – –) and without 
(——) angiolymphatic invasion (ALI). The patients with colorectal 
adenocarcinoma with ALI had a trend to a lower survival rate than 
the ones without ALI (p = 0.0615, log-rank test).

In the current study, VEGF was not found to be a 
prognostic factor on survival, but might have been a 
predictive marker of the presence of another prognos-
tic factor (angiolymphatic invasion).

There is a wide range in the level of c-erbB-2 ex-
pression varying from 4 to 83%. Technical differences, 
various antibodies used and the criteria of scoring or 
cut off point chosen to indicate expression might have 
accounted for at least some of this variability as well as 
the stage of the disease [1, 7, 8, 13, 15, 18]. In the cur-
rent study, c-erbB-2 expression was found to be higher 
in tubulovillous adenomas than tubular ones, and this 
is in agreement with previous reports [6, 13]. 

In conclusion, it was found that the number of 
patients with positive VEGF, c-erbB-2 and c-erbB-3 
protein expression differs in adenomas, intramucosal 
carcinomas and adenocarcinomas, and no associa-
tion existed between the expression of three studied 
proteins and clinicopathological parameters as well as 
prognosis in CRC patients. We hope that the current 
data may be useful for further prospective translational 
trials.
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ЭКСПРЕССИЯ VEGF, C-ERBB-2 И C-ERBB-3 В КОЛОРЕКТАЛЬНЫХ 
АДЕНОМАХ И АДЕНОКАРЦИНОМАХ ЧЕЛОВЕКА

Цель: проанализировать экспрессию фактора роста эндотелиальных клеток (VEGF), c-erbB-2 и c-erbB-3 и ее связь с 
клиникопатологическими параметрами и патогенезом колоректальной карциномы человека. Методы: экспрессия VEGF, 
c-erbB-2 and c-erbB-3 в срезах тканей аденомы, карциномы слизистой и аденокарциномы (85 злокачественных и 37 добро-
качественных новообразований) была исследована методом иммуногистохимии с учетом клиникопатологических параметров. 
Результаты: экспрессия VEGF была выявлена в новообразованиях всех типов, в то время как таковая c-erbB-2 — более 
часто в аденомах, нежели в аденокарциномах (65% vs 43%). За исключением корелляции экспрессии c-erbB-3 со ста-
дией заболевания по Дюку, взаимосвязи между исследованными маркерами и клиникопатологическими параметрами 
обнаружено не было. Экспрессия c-erbB-3 чаще всего отмечалась в тубулярных аденомах, а таковая c-erbB-2 — в тубу-
лярно-ворсинчатых и ворсинчатых типах (различия статистически недостоверны). Наличие отдаленных метастазов и 
ангиолимфатической инвазии было признано независимым прогностическим индикатором выживаемости. Была также 
обнаружена положительная корелляция между экспрессией VEGF и инвазией в лифатические узлы. Выводы: экспрессия 
VEGF, c-erbB-2, c-erbB-3 не имеет прогностического значения при раке прямой кишки, но VEGF может участвовать в 
метастазировании в лимфатические узлы.
Ключевые слова: VEGF, c-erbB-2, c-erbB-3, колоректальный рак, иммуногистохимия.
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