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Differences in Expression of VEGF-A, VEGFR-1, VEGFR-2 and
Microvessel Density in Colorectal Cancer with Liver Metastasis

Eun Hui Jeong - Young Kim - Byeong Woo Min - Kyung Hwa Lee
Hyun Soo Kim' - Jae Hyuk Lee

Departments of Pathology and 'Division of Gastroenterology, Department of Internal Medicine,
Chonnam National University Medical School, Hwasun, Korea

Background : Colorectal cancer (CRC) is one of the most common malignant neoplasms
and is a leading cause of mortality worldwide. Metastasis to the liver is a frequent event in
patients with CRC. An essential step in the metastatic cascade is angiogenesis. Methods :
This study included 45 patients who underwent a partial colectomy with hepatic resection for
CRC with hepatic metastases. Immunohistochemistry was performed using vascular endothe-
lial growth factor (VEGF)-A, VEGF receptor (VEGFR)-1, VEGFR-2, and CD34 antibodies to
examine the relationship between CRC with liver metastases and angiogenesis. Results :
CRC showed significantly stronger expression of VEGF-A, VEGFR-1, and VEGFR-2 than liver
metastases (p < 0.05). Microvessel density was also higher in CRC than in liver metastases
(p < 0.05). Conclusions : Compared with previous studies, we found a higher expression of
VEGF-A, VEGFR-1, VEGFR-2, and microvessel density in CRC than in liver metastases, which
could be ascribed to a difference in vessel distribution and blood supply in each organ. Given
its profuse blood supply and distinct cell populations, the liver might provide a rich milieu for
tumor cell growth with less expression of angiogenesis-inducing agents.

Key Words : Thymus gland; Neoplasms; Immunohistochemistry; World Health Organization;
Histological classification
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Table 1. Clinicopathological characteristics of selected patients

Control group Metastasis group

Factors
n % n %

Age (yr)

<60 10 333 21 46.70

> 60 20 66.7 24 53.30
Sex

Male 17 56.7 31 68.9

Female 13 433 14 311
Primary cancer site

Ascending colon 4 133 6 133

Transverse colon 3 10.0 3 6.7

Descending colon 1 33 3 6.7

Sigmoid colon 4 133 12 26.7

Rectum 18 60.0 21 46.7
Gross type

Fungating 2 6.7 8 17.8

Ulcerofungating 21 70.0 26 57.8

Ulcerative 3 10.0 8 17.8

Infiltrative 4 133 3 6.7
Differentiation

WD 5 16.7 12 26.7

MD 20 66.7 26 57.8

PD-UD 5 16.7 7 155
Lymphovascular invasion

Absent 24 80.0 29 64.4

Present 6 20.0 16 356
T stage

T2 0 0.0 2 4.4

T3 28 93.3 20 44.4

T4 2 6.7 23 51.1
N stage

NO 7 23.3 11 24.4

N1 13 433 13 28.9

N2 10 333 21 46.7
Liver mass type

Solitary 0 0.0 24 53.3

Multiple 0 0.0 21 46.7

WD, well differentiated; MD, moderately differentiated; PD, poorly dif-
ferentiated; UD, undifferentiated.
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Table 2. Comparison of vascular endothelial growth factor
(VEGF)-A, VEGF receptor (VEGFR)-1, and VEGFR-2 expres-
sion in the control and metastasis groups

Control group Metastasis group Total ~ p-value

VEGF 0 1 0 1(1.3)  0.004*
1 8 3 11(14.7)
2 7 9 6 (21.3)
3 14 33 47 (62.7)
Total 30(40.0) 45 (60.0) 75(100)

VEGFR-1 0 1 0 1(1.3) 0.561

1 6 13 9(25.3)
2 15 14 29(38.7)
3 8 18 26 (34.7)
Total 30(40.0) 45 (60.0) 75(100)

VEGFR-2 0 2 0 2(26) <0.001*
1 28 22 50 (71.4)
2 0 13 3(17.3)
3 0 10 0(13.3)
Total 30(40.0) 45 (60.0) (100)

Values are presented as number (%).
*p < 0.05.
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Table 3. Comparison of vascular endothelial growth factor (VEGF)-A, VEGF receptor (VEGFR)-1, and VEGFR-2 expression in colorec-

tal cancer and liver metastases

Liver
Total p-value
0 1 2 3
Colon VEGF 0 0 0 0 0 0(0.0) <0.001*
1 0 1 1 1 3(6.7)
2 0 5 1 3 9(20.0)
3 2 15 9 7 33(73.3)
Total 2(4.4) 21(46.7) 11(24.4) 11(24.4) 45 (100.0)
VEGFR-1 0 0 0 0 0 0(0.0) <0.001*
1 3 7 3 0 13 (28.9)
2 3 8 3 0 14(31.1)
3 1 15 2 0 18 (40.0)
Total 7(15.6) 30(66.7) 8(17.8) 0(0.0) 45 (100.0)
VEGFR-2 0 0 0 0 0 0(0.0) <0.001*
1 8 13 1 0 22 (48.9)
2 4 8 1 0 13 (28.9)
3 2 8 0 0 10(22.2)
Total 14(31.1) 29 (64.4) 2(4.4) 0(0.0) 45 (100.0)

Values are presented as number (%).
*p < 0.05.
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Fig. 1. Expression of vascular endothelial growth factor (VEGF)-A in colorectal cancer and liver metastasis. VEGF-A is expressed in
tumor epithelial cells. (A-C) VEGF-A expression in colorectal cancer along with increasing immunoreactivity intensity. (D-F) VEGF-A
expression in liver metastases along with increasing immunoreactivity intensity.
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Fig. 2. Expression of vascular endothelial growth factor receptor (VEGFR)-1 in colorectal cancer and liver metastases. (A-C) VEGFR-1
expression in colorectal cancer along with increasing immunoreactivity intensity. (D, E) VEGFR-1 expression in liver metastases along
with increasing immunoreactivity intensity.
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Fig. 3. Expression of vascular endothelial growth factor receptor (VEGFR)-2 in colorectal cancer and liver metastases. (A-C) VEGFR-2
expression in colorectal cancer along with increasing immunoreactivity intensity. (D, E) VEGFR-2 expression in liver metastases along
with increasing immunoreactivity intensity.

Fig. 4. Microvessel density in colorectal cancer and liver metasta- Fig. 5. Measure of microvessel density by the AnalySIS 3.2 pro-
ses. Microvessel distribution is manifested by CD34 immunohisto- gram. (A) Vascular endothelial cells are CD34 positive. (B) Micro-
chemical staining in colorectal cancer (A) and liver metastases (B). vessels are highlighted in green fluorescent color and are calcu-
This photomicrograph reveals a higher number of microvessels in lated as a percentage of microvessel density per unit area.

colorectal cancer than in liver metastases.
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Table 4. Association between vascular endothelial growth fac-
tor (VEGF)-A, VEGF receptor (VEGFR)-1, and VEGFR-2

VEGF
Total  p-value
0 1 2 3
VEGFR-1 0.013*
0 0 1 0 0 1(1.3)
1 0 5 5 9 19(25.3)
2 1 3 7 18 29 (38.7)
3 0 2 4 20 26 (34.7)
Total 1(1.3) 11(14.7) 16(21.3) 47 (62.7) 75(100)
VEGFR-2 0.023*
0 0 2 0 0 2(26)
1 1 9 10 30 50 (71.4)
2 0 0 3 10 13(17.3)
3 0 0 3 7 10(13.3)
Total 1(1.3) 11(14.7) 16(21.3) 47 (62.7) 75(100)
VEGFR-1
0 1 2 3

VEGFR-2 0.016*
0 0 0 1 1 2(2.6)
1 1 16 20 13 50(71.4)
2 0 3 5 5 13(17.3)
3 0 0 3 7 10(13.3)
Total 1(1.3) 11(14.7) 16(21.3) 47 (62.7) 75(100)

Values are presented as number (%).
*p < 0.05.
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Table 5. Association between microvessel density and the
expression of vascular endothelial growth factor (VEGF)-A,
VEGF receptor (VEGFR)-1, and VEGFR-2

Microvessel density

Total p-value
<35 >35
VEGF 0.028*
0 1 0 1(1.3)
1 10 1 11(14.7)
2 10 6 16 (21.3)
3 26 21 47 (62.7)
Total 47 (62.7) 28(37.3) 75 (100)
VEGFR-1 0.017*
0 1 0 1(1.3)
1 15 4 19 (25.3)
2 19 10 29(38.7)
3 12 14 26 (34.7)
Total 47 (62.7) 28(37.3) 75 (100)
VEGFR-2 0.019*
0 2 0 2(26)
1 36 14 50(71.4)
2 4 9 13(17.3)
3 5 5 10(13.3)
Total 47 (62.7) 28(37.3) 75 (100)

Values are presented as number (%).
*p < 0.05.

Table 6. Association between clinicopathological variables and the expression of vascular endothelial growth factor (VEGF)-A, VEGF

receptor (VEGFR)-1, and VEGFR-2 in colorectal cancer

C-VEGF C-VEGFR-1 C-VEGFR-2
t‘;’si Low High o- Low High o- Low  High o-
12 63 value 20 55 value 52 23 value

Age (yr) <60 31 4 27 0.75 6 25 0.23 19 12 0.21
> 60 44 8 36 14 30 33 11

Sex Male 48 6 42 0.27 15 33 0.23 31 17 0.23
Female 27 6 21 5 22 21 6

Colon mass size (cm) <40 39 4 35 0.21 9 30 0.46 24 15 0.13
> 4.1 36 8 28 11 25 28 8

Primary cancer site Proximal colon 16 1 15 0.42 6 10 0.27 13 3 0.36
Distal colon 59 11 48 14 45 39 20

Gross type Fungating 57 10 47 0.72 12 45 0.05 38 19 0.56
Infiltrative 18 2 16 8 10 14 4

Differentiation LG 63 11 52 0.68 16 47 0.72 43 20 0.75
HG 12 1 11 4 8 9 3

Lymphovascular invasion Absent 53 10 43 0.49 14 39 0.94 39 14 0.22
Present 22 2 20 6 16 13 9

T stage T2+ T3 50 8 42 1.00 11 39 0.20 36 14 0.60
T4 25 4 21 9 16 16 9

N stage NO 18 2 16 0.72 2 16 0.13 9 9 0.04*
N1 + N2 57 10 47 18 39 43 14

*p <0.05.

C-VEGF, colorectal cancer VEGF; LG, low grade; HG, high grade.
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Table 7. Association between clinicopathological variables and the expression of vascular endothelial growth factor (VEGF)-A, VEGF
receptor (VEGFR)-1, and VEGFR-2 in liver metastases

L-VEGF L-VEGFR-1 L-VEGFR-2
No. of
cases LW High p- Low High p- Low High p-
(n=23) (n=22) vaue (n=37) (n=8) vaue (n=43) (N=2) value
Age (yr) <60 21 12 9 0.45 16 5 0.32 21 0 0.49
> 60 24 11 13 21 3 22 2
Sex Male 31 18 13 0.17 26 5 0.69 30 1 0.53
Female 14 5 9 11 3 13 1
Colon mass size (cm) <40 26 16 10 0.10 21 5 1.00 26 0 0.17
>41 19 7 12 16 3 17 2
Liver mass size (cm) <25 23 15 8 0.053 20 3 0.46 22 1 1.00
>26 22 8 14 17 5 21 1
Primary cancer site Proximal colon 9 5 4 1.00 9 0 0.18 8 1 0.36
Distal colon 36 18 18 28 8 35 1
Gross type Fungating 34 18 16 0.67 28 6 1.00 33 1 0.43
Infiltrative 11 5 6 9 2 10 1
Differentiation LG 38 18 20 0.41 30 8 0.32 36 2 1.00
HG 7 5 2 7 0 7 0
Lymphovascular invasion Absent 29 13 16 0.26 22 7 0.23 28 1 1.00
Present 16 10 6 15 1 15 1
T stage T2+ T3 22 16 6 0.005* 20 2 0.24 22 0 0.49
T4 23 7 16 17 6 21 2
N stage NO 1 8 3 0.17 9 2 1.00 11 0 1.00
N1+ N2 34 15 19 28 6 32 2
Liver mass type Solitary 24 13 11 0.66 22 2 0.12 22 2 0.49
Multiple 21 10 1 15 6 21 0
*p < 0.05.
L-VEGF, liver metastases VEGF; LG, low grade; HG, high grade.
Table 8. Comparison of microvessel density in colorectal cancer and liver metastasis
Colon Liver
No. of cases Mean p-value No.of cases  Mean p-value
Total cases 75 45
Age (yr) < 60 31 3.49 + 2.38 0.32 21 2.27 = 091 0.78
> 60 44 359 + 212 24 2.20 = 0.80
Sex Male 48 3.89 + 238 0.033* 31 2.26 + 0.85 0.81
Female 27 296 = 1.78 14 219 =087
Colon mass size (cm) <40 39 3.60 + 2.06 0.96 26 218 + 0.85 0.61
> 41 36 3.50 + 2.40 19 231085
Primary cancer site Proximal colon 16 294 £ 208 0.82 9 2.00 +£0.53 0.35
Distal colon 59 372 £ 224 36 2.30 = 0.90
Gross type Fungating 57 353+ 228 0.90 34 222 +£0.86 0.83
Infiltrative 18 3.64 = 2.07 11 229 + 0.82
Differentiation LG 63 3.63 = 2.30 0.48 38 2.29 + 0.88 0.34
HG 12 3.14 +1.78 7 1.95 + 0.58
Lymphovascular invasion Absent 53 3.48 £ 2.08 0.28 29 237 £0.79 0.16
Present 22 3.73 + 2.58 16 2.99 + 0.90
T stage T2+ T3 50 279 + 154 0.001* 22 1.83 + 0.48 0.001*
T4 25 5.08 = 2.60 23 2.63 = 0.94
N stage NO 18 3.01 +1.80 0.23 11 1.98 £ 0.60 0.25
N1+ N2 57 3.73 £ 232 34 232 £ 090
Liver mass type Solitary 24 2.08 = 0.88 0.18
Multiple 21 242 +0.79

*p < 0.05.
LG, low grade; HG, high grade.
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