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Original Article 
VEGF-C is positively associated with lymphangiogenesis 
and lymphatic metastasis in rectal cancer
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Abstract: Rectal cancer is a common malignancywith a less than 5-year postoperative survival rate. Although it often 
metastasizes via the lymph and blood, the detailed mechanism of this process remains unclear. This study investi-
gated the relationship between vascular endothelial growth factor-C (VEGF-C) expression and lymphangiogenesis, 
as well as its relation to lymphatic metastasis of rectal cancer. To address this question, VEGF-C expression in rectal 
cancer and normal tissue adjacent to tumor was assessed by immunohistochemistry. The lymphatic endothelial 
cell-specific marker D2-40 was used to label lymphatic endothelial cells and the lymphatic vessel density (LVD) was 
subsequently quantified. As expected, the expression of VEGF-C in rectal cancer (75%) was significantly higher than 
in normal adjacent tissue (25%), and this level correlated with differentiation, Dukes stage, and lymph node metas-
tasis, though not with sex or age. The LVD was higher in VEGF-C positive rectal cancer than in VEGF-C negative rectal 
cancer, and was also higher in lymphatic metastases than in non-lymphatic metastases. These results indicate that 
expression of VEGF-C may impact the prognosis of rectal cancer via its effect on the formation of new lymphatic 
vessels. This represents a significant advance in the study of the genesis and development of rectal cancer, and 
may have value in clinical care.
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Introduction

Rectal cancer is a common malignancy [1-3]. 
Its development is a complex multi-factor, multi- 
stage process, involving numerous genes [4, 
5]. Though improvements in its diagnosis and 
treatment have led to greatly improved survival 
rate and functional recovery, efficacy of treat-
ment is still unsatisfactory. The study of colorec-
tal cancer etiology, pathogenesis, diagnosis, 
treatment, and prevention remains a vital topic 
of research [6]. 

The lymphatic system is one of the main routes 
of metastasis of rectal cancer, which correlates 
with a poor prognosis [7, 8]. Lymphangiogenesis 
can promote lymph node metastasis, further 
facilitating distant metastasis that involves 
multiple genes and products [9, 10]. The vascu-
lar endothelial growth factor family includes 
vascular endothelial growth factor-A-F (VEGF-
A-F), and placental growth factor, of which VEGF- 

C and -D are mainly responsible for regulating 
lymphangiogenesis [10, 11]. As an important 
member of the family, VEGF-C has been a ma- 
jor focus of research in recent years. Its C- 
terminus is rich in cysteine, which plays a role  
in maturation via protease hydrolysis. There are 
two receptors for VEGF-C: VEGFR-2 and VEGFR-
3 [12, 13]. VEGFR-2 is expressed in both blood 
vessels and lymphatic endothelial cells, while 
VEGFR-3 is only expressed in lymphatic endo-
thelial cells [13]. VEGF-C plays a role in promot-
ing lymphangiogenesis by binding these recep-
tors [14, 15]. VEGF-C is the most specific for 
induction of lymphatic vessel formation [16, 
17]. Many studies have shown that VEGF-C is 
expressed in breast cancer, gastric cancer, 
Hodgkin’s lymphoma, esophageal cancer, lung 
cancer, and bladder cancer, and is associated 
with lymphatic metastasis [18, 19]. This study 
investigated the role of VEGF-C in colorectal 
cancer, and its relationship to lymphangiogen-
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esis and lymph node metastasis, in order to 
determine new approaches for diagnosis, treat-
ment, and prognosis of rectal cancer.  

were enrolled based on their surgical resection 
and clinical diagnosis. None of the patients had 
received chemotherapy, radiotherapy, or bio-
therapy prior to surgery. The mean patient age 
was 59.3 ± 6.35 (range: 3087) years. Twenty 
patients had well-differentiated adenocarcino-
ma, while 20 had moderately-or poorly-differ-
entiated adenocarcinoma. Tumors of 22 patien- 
ts were classified as the Dukes stage (A + B), 
while 18 patients as Dukes stage (C + D); 16 
patients had lymph node metastasis, while 24 
did not have metastasis. The normal tissue 
adjacent to carcinoma (> 8 cm from the tumor 
edge) was selected as control. The study pro- 
tocol was approved by the Research Ethics 
Committee of Children’s Hospital of Soochow 
University and all patients provided written 
informed consent prior to their enrollment into 
the study.

Immunohistochemistry (IHC)

The aforementioned tissues were fixed and 
sectioned in order to perform IHC staining 
according to the manufacturer’s instructions. 
Endogenous peroxidase was inactivated by 

Figure 1. VEGF-C expression level assay by immunohistochemistry (IHC) in rectal cancer and normal adjacent tis-
sue. A: VEGF-C is expressed in rectal cancer; B: VEGF-C is negative in normal adjacent tissue. VEGF-C expression in 
rectal cancer was higher than that of the normal adjacent tissue (**: P < 0.01, 100×).

Table 1. VEGF-C* expression by immunostaining in rectal can-
cer and normal adjacent tissue

Types Cases
VEGF-C Positive 

rate (%) P-value
- + ++ +++

Rectal cancer 40 11 12 9 8 72.5 0.00025
Para-carcinoma tissue 40 35 4 1 0 12.5
*Note: Vascular endothelial growth factor-C.

Table 2. Relationship of VEGF-C* with clinical 
features

Parameters
VEGF-C Positive 

rate (%) P-value
Positive Negative

Gender 0.658
    Male 18 2 90.0
    Female 16 4 80.0
Age 1.000
    ≥ 60 20 4 83.3
    < 60 14 2 87.5
Differentiation 0.027
    Well 20 0 100.0
    Moderate-poor 14 6 70.0
Dukes stage 0.015
    A + B 13 9 59.1
    C + D 16 2 88.9
Lymphatic metastasis 0.00014
    With 15 1 93.8
    Without 8 16 33.3
*VEGF-C: Vascular endothelial growth factor-C.

Materials and methods

Patients

A total of 40 rectal cancer pati- 
ents, 20 men and 20 women hos-
pitalized at the First Affiliated 
Hospital of Soochow University 
from August 2014 to June 2015, 
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incubating the sections in 3% H2O2 for 30 min. 
The sections were subjected to sequential incu-
bations with 10% normal goat serum in 0.01 M 
PBS for 30 min at room temperature, and then 
respectively incubated in rabbit-derived anti-
VEGFC antibody (ab135506, Abcam, USA), and 
mouse-derived anti-D2-40 antibody [D2-40] 
(ab77854, Abcam, USA) in PBS containing 0.3% 
Triton X-100 overnight at 4°C. The sections 
were washed 3 times (5 min each) with PBS, 
and then incubated in peroxidase-conjugated 
goat anti-rat IgG (1:200; Zymed, South San 
Francisco, CA, USA) for 1 hr at room tempera-
ture. Finally, the sections were developed with 
diaminobenzidine (DAB) in 0.1 M Tris-buffered 
saline (TBS) containing 0.001% H2O2 for 30 
min. The sections were observed by microsco-

py (Olympus, Tokyo, Japan), images were captur- 
ed, and the VEGF-C and D2-40 expression lev-
els were detected as described below.

VEGF-C was identified in the cytoplasm and cell 
membrane as tan/brown particles, and the 
VEGF-C signal was evaluated according to the 
staining intensity: 0: No color, 1: Light yellow, 2: 
Claybank, 3: Tawny, and the positive cells num-
ber: 0: < 5%; 1: 5%-25%; 2: 26%-50%; 3: 51%-
75%; 4: > 75%, and defined as the immunohis-
tochemical score: -: 0-2 score; +: 3-5 score; ++: 
6-8 score; +++: > 8 score.

D2-40 was specifically expressed in the cyto-
plasm of lymphatic vessel endothelial cells and 
stained brown, and the lymphatic vessel densi-

Figure 2. D2-40 expression level assay by immunohistochemistry (IHC) in rectal cancer and normal adjacent tissue. 
A: The D2-40 expressed in rectal cancer; B: The D2-40 expressed in normal adjacent tissue. D2-40 expression in 
rectal cancer was obviously higher than in normal adjacent tissue (**: P < 0.01, 100×).

Figure 3. Histogram analysis of LVD in rectal cancer 
and normal adjacent tissue. LVD was higher in rectal 
cancer than in normal adjacent (Para-carcinoma) tis-
sue (**: P < 0.01).

Figure 4. Histogram analysis of the LVD in lymphatic 
metastasis and non-lymphatic metastasis. LVD was 
higher in lymphatic metastasis than in non-lymphatic 
metastasis (**: P < 0.01).
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ty (LVD), was quantified according to the aver-
age number of lymphatic vessels per area, and 
a histogram was generated using Origin 9.0 
software (http://www.originlab.com/; Northam- 
pton, MA, USA).

Statistical analysis

All data were expressed as the mean ± stan-
dard deviation (SD). Statistical analyses were 
performed via one-way ANOVA using SPSS  
software (version 21.0, http://spss.en.softonic.
com/), and Student′s t-tests were performed in 
a group of two samples, with P < 0.05 and P < 
0.01 indicated significant differences and high-
ly significant differences, respectively.

Results

VEGF-C expression was increased in rectal 
cancer compared to normal adjacent tissue

As shown in Figure 1A, VEGF-C is localized to 
the cytoplasm and cell membrane, with the 
brown particles representing positive signal. 
VEGF-C was weak in normal tissue (Figure 1B). 
The VEGF-C positive rate in rectal cancer 
(72.5%) was significantly higher than in normal 
adjacent tissue (12.5%, Table 1, **: P < 0.01).

VEGF-C expression is closely associated with 
differentiation, Dukes staging, and lymph node 
metastasis

VEGF-C was associated with the differentiation, 
Dukes staging, and lymph node metastasis (Ta- 
ble 2, **: P < 0.01), but not with either sex or 
age. 

D2-40 is specifically expressed in lymphatic 
endothelial cells

As shown in Figure 2A and 2B, the D2-40 pro-
tein is specifically expressed in lymphatic endo-
thelial cells of rectal cancer. The expression of 
D2-40 was significantly higher in the lymphatic 
endothelial cells of rectal cancer than in the 
normal adjacent tissue (**: P < 0.01).

LVD is higher in VEGF-C positive rectal cancer 
than in normal adjacent tissue

LVD of rectal cancer tissue demonstrated a sig-
nificantly greater proportion of VEGF-C positive 
cells than VEGF-C negative cells (Figure 3). 
Similarly, in normal adjacent tissue, increased 

VEGF-C expression was noted with more LVD. In 
comparing the two LVD expressions, significant- 
ly higher VEGF-C expression was present in the 
rectal cancer tissue than that of normal adja-
cent tissue.

LVD was higher in lymphatic metastasis than 
that of non-lymphatic metastasis

As shown in Figure 4, LVD is higher in lymphatic 
metastasis than non-lymphatic metastasis.

Discussion

This study demonstrated that enhanced VEGF-C 
expression is located in the cytoplasm and cell 
membrane of rectal cancer tissue, and these 
levels were significantly higher than that of nor-
mal adjacent tissue. In addition, VEGF-C expres-
sion was closely associated with differentia-
tion, Dukes staging, and lymph node metasta-
sis, but not with patient sex or age. Moreover, 
D2-40 protein was specifically expressed in 
lymphatic endothelial cells of rectal cancer, at a 
higher level than lymphatics of normal adjacent 
tissue. The LVD was higher in VEGF-C positive 
tissue than in VEGF-C negative tissue in rectal 
cancer, and correlated with the expression of 
VEGF-C in rectal cancer but not normal tissue.

VEGF is a known regulatory factor family in lym-
phangiogenesis. After specifically binding with 
endothelial cells, the family activates the tyro-
sine kinase signaling system, thereby promot-
ing tumor lymphangiogenesis [11, 20]. VEGF-C 
was first isolated from prostate cancer cells by 
Joukov in 1996. It has 419 amino acid residues 
with a molecular weight of 46.9 kDa [21, 22]. 
After proteolytic hydrolysis, the VEGF-C precur-
sor forms the mature dimer that activates tyro-
sine kinase signaling. It further activates serine 
protease and plasminogen activator, eventually 
producing collagen enzyme which results in 
lymphangiogenesis. VEGF-C plays an important 
role in regulating lymphangiogenesis through 
binding with its specific receptor [23]. D2-40 is 
a connective sialic acid glycoprotein that is 
detected by IgG1 type monoclonal antibody 
with molecular weight as 40 kDa [24, 25]. As 
with podoplanin and LYVE-1, it is also a specific 
marker of lymphatic vessels. This study identi-
fied D2-40 as a specific marker for lymphatic 
vessels and a means to tag lymphatic vessels 
for LVD assessment [26, 27].
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Lymphatic metastasis is an important predictor 
of clinical prognosis, in which lymphangiogene-
sis is an essential step. Many studies have sho- 
wn that VEGF-C can promote lymphangiogene-
sis in tumors and increase tumor invasiveness, 
thus facilitating distant metastasis [28, 29]. 
Yang et al. applied immunohistochemistry to 
investigate VEGF-C expression in 64 patients 
with esophageal cancer, and found that VEGF-C 
expression in esophageal squamous carcino-
ma tissue was 59.4%, which was higher than in 
adjacent normal tissue [30]. Furthermore, its 
positive expression was related to lymph no- 
de metastasis and TNM stage, suggesting that 
VEGF-C is associated with lymph node metas-
tasis in esophageal cancer and is a potential 
marker of esophageal cancer lymphatic metas-
tasis. Kostis et al. identified overexpression of 
VEGF-C expression in prostate cancer tissue. 
They also found that its expression was asso- 
ciated with lymphatic metastasis. High LVD 
counts showed elevated VEGF-C, indicating 
that VEGF-C played an important role in pros-
tate cancer lymphatic metastasis [31]. Liu et al. 
explored VEGF-C expression in 109 cases of 
primary non-small cell lung cancer patients. 
VEGF-C expression was found in 65.14% of 
cases, significantly higher than in normal tis-
sue. LVD counting was higher in VEGF-C posi-
tive cells than in VEGF-C negative cells, sug-
gesting that VEGF-C can promote non-small cell 
lung cancer growth and lymph node metasta-
sis. This provides a new direction for non-small 
cell lung cancer targeted therapy [32].

Xu et al. found that VEGF-C expression in co- 
lorectal cancer tissue was 78.2%, which was 
associated with Dukes staging and lymph no- 
de metastasis [33]. Our study confirmed that 
VEGF-C was highly expressed in colorectal can-
cer (positive rate 72.5%) and related to differ-
entiation, Dukes stage, and lymph node metas-
tasis, in accordance with the results of Xu et al. 
We further illustrated that VEGF-C had a critical 
role in colorectal cancer and lymphatic metas-
tasis and can be used as anindicator of poor 
prognosis. Liu et al. found that LVD counting in 
VEGF-C positive lung cancer cells was clearly 
higher than that in VEGF-C negative cancers. 
Our investigation revealed a similar result, fur-
ther illustrating that VEGF-C is an important 
factor in lymphangiogenesis. LVD counting was 
higher in patients with lymph node metastasis 
than in patients without lymph node metasta-

sis, indicating that VEGF-C is closely related to 
lymphangiogenesis and lymphatic metastasis 
in rectal cancer. These results provide new 
pathways for early diagnosis, treatment, and 
prognosis of rectal cancer [32]. Limits of our 
study include limited sample size, warranting 
an increase the sample size and use of multiple 
methods for systemic investigation in the fu- 
ture. Our study provides a significant advance 
on the genesis and development of rectal can-
cer and represents a significant advance in 
clinical practice.
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