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Abstract. Angiogenesis and lymphangiogenesis are involved 
in the dissemination of tumor cells from solid tumors to 
regional lymph nodes and various distant sites. KAI1 COOH-
terminal interacting tetraspanin (KITENIN) contributes 
to tumor progression and poor clinical outcomes in various 
cancers including colorectal cancer. The aim of the present 
study was to evaluate whether KITENIN affects tumor 
angiogenesis and lymphangiogenesis in colorectal cancer. A 
KITENIN small interfering RNA vector was used to silence 
KITENIN expression in colorectal cancer cell lines including 
DLD1 and SW480 cells. To evaluate the ability of KITENIN 
to induce angiogenesis and lymphangiogenesis in human 
umbilical vein endothelial cells (HUVECs) and lymphatic 
endothelial cells (HLECs), we performed Matrigel invasion 
and tube formation assays. Immunohistochemistry was used 
to determine the expression of KITENIN in colorectal cancer 
tissues. Angiogenesis and lymphangiogenesis were evalu-
ated by immunostaining with CD34 and D2-40 antibodies. 
KITENIN silencing inhibited both HUVEC invasion and tube 
formation in the DLD1 and SW480 cells. KITENIN silencing 
led to decreased expression of the angiogenic inducers vascular 
endothelial growth factor (VEGF)-A and hypoxia-inducible 
factor-1α and increased expression of the angiogenic inhibitor 
angiostatin. KITENIN silencing did not inhibit either HLEC 
invasion or tube formation in all tested cells, but it resulted 
in decreased expression of the lymphangiogenic inducer 
VEGF-C. KITENIN expression was significantly associated 
with tumor stage, depth of invasion, lymph node and distant 

metastases and poor survival. The mean microvessel density 
was significantly higher in the KITENIN-positive tumors than 
that in the KITENIN-negative tumors. However, the mean 
lymphatic vessel density of KITENIN-positive tumors was 
not significantly higher than that of the KITENIN-negative 
tumors. These results suggest that KITENIN promotes tumor 
progression by enhancing angiogenesis in colorectal cancer.

Introduction

Colorectal cancer is a leading cause of cancer-related death 
worldwide (1). Despite improved methods of early diagnosis 
and treatment, a large proportion of patients with colorectal 
cancer die from cancer progression including tumor inva-
sion and metastasis (1-3). Cancer progression is an extremely 
complex process including tumor cell proliferation, invasion, 
apoptosis, angiogenesis, lymphangiogenesis and metastasis into 
distant organs or tissues (4-6). Therefore, understanding of the 
biological and molecular mechanisms involved in colorectal 
cancer progression is crucial to the development of more effec-
tive cancer therapies for preventing cancer progression.

KAI1/CD82 is a member of the tetraspanin family, which 
is involved in cell motility, and this molecule has been identi-
fied as a suppressor of tumor spread (7,8). Numerous previous 
studies revealed that downregulation or loss of KAI1/CD82 is 
associated with tumor progression and poor prognosis in many 
human cancers (9-13).

KAI1 COOH-terminal interacting tetraspanin (KITENIN) 
was recently identified as a novel KAI1/CD82-binding protein. 
It interacts specifically with the COOH-terminal region of 
KAI1/CD82, which is crucial for the impact of KAI1/CD82 
on cell motility (14-18). In contrast to KAI1/CD82, previous 
studies have demonstrated that KITENIN promotes the migra-
tion and invasiveness of various types of human cancer cells, 
and gene silencing of KITENIN via intravenous injection of 
short interfering RNA inhibited tumor metastasis in a mouse 
colon cancer model and a syngeneic mouse squamous cell 
tumor model (14-18). Furthermore, KITENIN expression was 
found to be associated with cancer progression and poor prog-
nosis in human cancers including colorectal cancer (19-24). 
These data indicate that KITENIN plays an important role in 
cancer progression including tumor invasion and metastasis.
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Angiogenesis and lymphangiogenesis are crucial for 
normal growth and development in addition to protective 
responses such as wound healing and inflammation. However, 
aberrant angiogenesis and lymphangiogenesis can occur in a 
variety of pathological settings including tumor growth and 
dissemination (25-29). Many lines of evidence indicate that 
the progression of colorectal cancer depends on angiogenesis 
and lymphangiogenesis (30-33). Therefore, the role of tumor 
cell-derived factors in the promotion of angiogenesis and 
lymphangiogenesis has been extensively studied, as these 
factors are extremely important for understanding cancer 
progression. However, the potential role of KITENIN in 
angiogenesis and lymphangiogenesis in colorectal cancer 
progression has never been investigated.

The aim of the present study was to evaluate whether 
KITENIN affects tumor angiogenesis and lymphangiogenesis 
in colorectal cancer.

Materials and methods

Cell culture and siRNA transfection. DLD1 and SW480 
human colorectal cancer cell lines were obtained from 
the American Type Culture Collection (ATCC; Manassas, 
VA, USA) and were maintained in Dulbecco's modified 
Eagle's medium (DMEM) (HyClone, Logan, UT, USA) 
supplemented with 10% fetal bovine serum and antibiotics. 
Synthesized human KITENIN small interfering RNA 
(siRNA) (5'-GCUUGGACUUCAGCCUCGUAGUCAA-3') 
and scramble siRNA (Qiagen, Germantown, MD, USA) were 
transfected using Lipofectamine™ RNAiMAX (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. After transfection for 5 h, the medium was replaced 
with serum-free DMEM, and the cells were incubated for 
24 h. Cells were re-suspended in RIPA buffer, and the super-
natant was centrifuged to obtain the conditioned medium 
(CM), which was used for migration and tube formation 
assays. Human umbilical vein endothelial cells (HUVECs; 
Lonza, Walkersville, MD, USA) and human lymphatic endo-
thelial cells (HLECs; ScienCell, San Diego, CA, USA) were 
grown in EBM™-2 medium supplemented with EGM™-2 
SingleQuots™ (Lonza).

Western blot analysis. Equal amounts of total cell lysates 
were separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred to PVDF membranes (Bio-
Rad, Hercules, CA, USA), which were incubated with 5% 
skim milk to block non-specific binding followed by specific 
primary antibodies in 2% skim milk overnight at 4˚C. Specific 
proteins were detected using horseradish peroxidase‑conju-
gated secondary antibodies (Millipore, Billerica, MA, USA) 
and visualized using the LAS-4000 luminescent image 
analyzer (Fujifilm, Tokyo, Japan). The antibodies used in the 
present study were as follows: anti-human KITENIN (Atlas, 
Stockholm, Sweden); vascular endothelial growth factor 
(VEGF)-A, VEGF-C, VEGF-D and β-tubulin (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA); and hypoxia-inducible 
factor-1α (HIF-1α) and angiostatin (Abcam, Cambridge, UK).

Matrigel invasion assay. A Transwell filter chamber with 8-µm 
pores was coated with Matrigel (1 mg/ml; BD Biosciences, 

San Diego, CA, USA) and was dried at room temperature. 
HUVECs and HLECs were plated in duplicate at a concentra-
tion of 3x104 cells/well with serum-free EGM-2 medium on the 
upper chamber. The lower chambers were filled with prepared 
CM. After incubation for 3 h, cells that invaded through the 
Transwell membrane were stained with Diff-Quik solution 
(Sysmex, Kobe, Japan) and were counted under a microscope.

In vitro endothelial tube formation assay. Forty-eight‑well 
plates were coated with Matrigel (10 mg/ml) and were incu-
bated at 37˚C to promote polymerization. HUVECs and 
HLECs were re-suspended in CM and were added to each well 
of the plate which were coated with Matrigel. After 18 h of 
incubation, fields from each sample were photographed using 
an inverted microscope, and the total tube length was analyzed 
using the WimTube image analysis platform (Wimasis GmbH, 
Munich, Germany).

Patients and tissue samples. For immunohistochemical 
staining, paraffin-embedded tumor samples from 85 patients 
who underwent surgery for colorectal cancer at the Chonnam 
National University Hwasun Hospital (Jeonnam, Korea) 
between July 2007 and June 2008, were studied. No patient 
had received preoperative radiotherapy or chemotherapy. 
Pathologic studies and clinical histories at the time of surgery 
were reviewed through the medical records. Tumor staging 
was performed in accordance with the American Joint 
Committee on Cancer staging system (34). Clinical outcomes 
were determined from the time of surgery until follow-up on 
December 31, 2014. The present study was approved by the 
Institutional Review Board of Chonnam National University 
Hwasun Hospital. All participants provided written consent 
for their information to be stored in the hospital database and 
used for research.

Immunohistochemistry. Paraffin-embedded tissue sections 
were rehydrated and retrieved with pH  6.0 citrate buffer. 
Tissue sections were immersed with peroxidase-blocking 
solution (Dako, Carpinteria, CA, USA) to block endogenous 
peroxidase activity and incubated with polyclonal rabbit 
ant‑human KITENIN, CD34 (Abcam) and D2-40 (Dako, 
Glostrup, Denmark) in primary diluent solution (Invitrogen) 
overnight at 4˚C. After washing in TBST, tissues were stained 
using Dako Real™ EnVision HRP/DAB detection system 
(Dako). The slides were counterstained with hematoxylin and 
were then mounted. Stained tissues were viewed and photo-
graphed using a light microscope.

Evaluation of KITENIN expression. The immunoreactive 
score of KITENIN expression was independently evaluated 
by two pathologists who were blinded to the immunostaining 
pattern and clinical outcomes. Consensus scores were assigned 
for each case by reviewing the slides with discrepancies in 
scoring. The staining intensity was graded on a scale of 0-3 
as follows: 0 (no staining), 1  (weak staining), 2  (moderate 
staining) and 3 (strong staining). The staining area was scored 
as 0 for no positive staining of tumor cells, 1  for positive 
staining in <10% of the tumor cells, 2 for positive staining 
in 10-50% of the tumor cells, and 3 for positive staining in 
>50% of the tumor cells. The staining index was calculated 
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as the product of the staining intensity and staining area. The 
tumors were determined to have positive expression (staining 
index ≥4) or negative expression (staining index <4).

Assessment of microvessel density (MVD) and lymphatic 
vessel density (LVD). All scores and interpretations of immu-
nohistochemical results were performed by one examiner 
without knowledge of the clinical outcomes. MVD and LVD 
were measured on anti-CD34 and anti-D2-40 antibody-
immunoreactive specimens, respectively. Vessel density was 
evaluated within neoplastic tissues and within healthy tissues 
outside the tumor. The immunostained sections were scanned 
at a low magnification of x40 to identify the areas with the 
largest amount of vessels (hot spots). In the present study, three 
hot spots were chosen for each case with agreements of both 
observers, and five fields were examined in each hot spot at a 
high magnification of x200. The average MVD and LVD were 
expressed as the mean value of vessels.

Statistical analysis. Statistical Package for the Social Sciences 
(version 15.0; SPSS, Inc., Chicago, IL, USA) was used for 
statistical analysis. The correlations of clinicopathological 
factors and recurrence with KITENIN expression, MVD and 
LVD were assessed using Chi-square and Fisher's exact tests. 
The survival rates of patients were evaluated according to the 
Kaplan-Meier method, and the differences were tested using a 
log-rank test. The subgroups of MVD and LVD were analyzed 
using a t-test. P<0.05 was considered to indicate a statistically 
significant result.

Results

Impact of KITENIN silencing on angiogenesis in human 
colorectal cancer cells. To determine whether CM from 
KITENIN and scrambled siRNA-transfected colorectal 
cancer cells affects the invasiveness of HUVECs, we 
performed a Matrigel invasion assay. The invasiveness of 
HUVECs was significantly decreased in the CM of KITENIN 
siRNA‑transfected DLD1 and SW480 cells compared to the 
findings for the scramble siRNA-transfected cells (P=0.031 
and 0.015, respectively) (Fig. 1A). Next, we examined whether 
KITENIN silencing can stimulate endothelial tube formation, 
which mimics in  vivo angiogenesis. CM from KITENIN 
siRNA‑transfected DLD1 and SW480 cells less effectively 
stimulated tube formation than that from the respective 
scrambled siRNA-transfected cells (P=0.047 and 0.038, 
respectively) (Fig. 1B). KITENIN silencing led to decreased 
expression of the angiogenic inducers VEGF-A and HIF-1α 
and increased expression of the angiogenic inhibitor angio-
statin in both tested cells (Fig. 1C). These results suggested 
that KITENIN is capable of increasing both endothelial cell 
invasion and tube formation, key events in angiogenesis and 
neovascularization.

Impact of KITENIN silencing on lymphangiogenesis in human 
colorectal cancer cells. To evaluate the effects of KITENIN on 
lymphangiogenesis in HLECs, we performed Matrigel inva-
sion and tube formation assays using CM from KITENIN and 
scrambled siRNA-transfected DLD1 and SW480 cells. CM 

Figure 1. The impact of KITENIN silencing on angiogenesis in human colorectal cancer cells. (A) The invasiveness of HUVECs was significantly increased 
in the conditioned medium (CM) of KITENIN siRNA-transfected DLD1 and SW480 cells compared to the findings for the scramble siRNA-transfected cells 
(P=0.031 and 0.015, respectively). (B) CM from KITENIN siRNA-transfected DLD1 and SW480 cells induced increased tube formation compared to that in 
the respective scramble siRNA-transfected cells (P=0.047 and 0.038, respectively). (C) KITENIN silencing resulted in decreased expression of the angiogenic 
inducers VEGF-A and HIF-1α and increased expression of angiostatin in both tested cells. KITENIN, KAI1 COOH-terminal interacting tetraspanin; HUVEC, 
human umbilical vein endothelial cells; siRNA, small interfering RNA; SS, scramble siRNA; KS, KITENIN siRNA; VEGF, vascular endothelial growth 
factor; HIF-1α, hypoxia inducible factor-1α. *P<0.05 vs. control.
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from KITENIN siRNA-transfected DLD1 and SW480 cells 
did not inhibit invasion (P=0.080 and 0.623, respectively) or 
tube formation (P=0.235 and 0.112, respectively) compared 
to that in the respective scrambled siRNA-transfected 
cells (Fig. 2A and B). KITENIN silencing resulted in decreased 
expression of the lymphangiogenic inducer VEGF-C, but not 
VEGF-D in both tested cell lines (Fig. 2C).

Correlations between KITENIN and clinicopathological 
features in human colorectal cancers. To study the role 
of KITENIN in human colorectal cancer progression, we 
investigated the protein expression of KITENIN immuno-
histochemically in formalin-fixed, paraffin-embedded tissue 
blocks obtained from 85 patients with colorectal cancer for 
whom clinicopathological data were available. Survival and 
the correlations between KITENIN immunostaining and 
clinicopathological parameters were analyzed. KITENIN 
immunostaining was non-existent or weak in the normal 
colorectal mucosa (Fig. 3A). KITENIN immunostaining was 
predominantly identified in the cytoplasm of cancer cells, 
and it was not detectable in the tumor stroma (Fig. 3B). The 
percentage of positive tumor cells and the staining intensity 
for each sample were recorded. For the 85 patient samples 
evaluated, positive-KITENIN expression was observed in 39 
(45.9%) colorectal cancer tissues (Table I). Immunostaining 
of KITENIN was significantly associated with tumor stage, 
depth of invasion, lymph node and distant metastasis (P<0.001, 
P=0.004, P<0.001 and P=0.021, respectively)  (Table  I). 

Figure 2. The impact of KITENIN silencing on lymphangiogenesis of human colorectal cancer cells. Conditioned medium (CM) from KITENIN siRNA‑trans-
fected DLD1 and SW480 cells did not inhibit invasion (A) (P=0.080 and 0.623, respectively) and tube formation (B) (P=0.235 and 0.112, respectively) 
compared to CM from the respective scramble siRNA-transfected cells. (C) KITENIN silencing resulted in decreased expression of the lymphangiogenic 
inducer VEGF-C, but not VEGF-D in both tested cells. KITENIN, KAI1 COOH-terminal interacting tetraspanin; HLECs, human lymphatic endothelial cells; 
siRNA, small interfering RNA; SS, scramble siRNA; KS, KITENIN siRNA; VEGF; vascular endothelial growth factor.

Figure 3. Expression of KITENIN protein in normal and colorectal cancer 
tissues by immunohistochemistry. (A) KITENIN immunostaining was nega-
tive in the normal colorectal mucosa (magnification, x200). (B) KITENIN 
immunostaining was predominantly identified in the cytoplasm of cancer 
cells, whereas it was not detectable in the tumor stroma (magnification, 
x400). KITENIN, KAI1 COOH-terminal interacting tetraspanin.
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Moreover, overall survival for patients with positive KITENIN 
immunostaining was significantly lower than the survival of 
the patients with negative immunostaining (P=0.002) (Fig. 4).

Correlation between KITENIN expression and tumor cell 
angiogenesis or lymphangiogenesis in human colorectal 
cancers. All tumor samples were subjected to immunostaining 
for CD34 and D2-40 to identify tumor cell angiogenesis 
and lymphangiogenesis (Fig. 5A and B). The MVD for the 
85 tumors ranged from 23.0 to 429.0 (mean, 115.2±74.7). The 
mean MVD of KITENIN-positive tumors was 133.4±85.0, 
which was significantly lower than the value for KITENIN-
negative tumors (P=0.018)  (Table  II). The LVD for the 
85 tumors ranged from 4.0 to 31.3 (mean, 13.7±5.8). There was 
no significant correlation between KITENIN expression and 
LVD (P=0.528) (Table II).

Correlation between MVD or LVD and clinicopathological 
features in human colorectal cancers. The correlations 
between MVD or LVD and clinicopathological parameters 

are summarized in Table III. When a mean MVD of 115.2 was 
chosen as the cut-off for discrimination of the 85 patients into 
two subgroups, 37 patients were determined to have low-MVD, 
whereas 48 patients had high-MVD. In addition, when a mean 

Table I. Correlation between KITENIN expression and the 
clinicopathological parameters of the colorectal cancer cases.

	 KITENIN
	 -------------------------------------
	 Total	 Negative	 Positive
Parameters	 (n=85)	 (n=46)	 (n=39)	 P-value

Age (years)				    0.073
  <66.1	 39	 17	 22
  ≥66.1	 46	 29	 17
Gender				    0.790
  Male	 51	 27	 24
  Female	 34	 19	 15
Tumor size (cm)				    0.778
  <4.9	 45	 25	 20
  ≥4.9	 40	 21	 19
Histological type				    0.497
  Differentiated	 74	 39	 35
  Undifferentiated	 11	 7	 4
Stage				    <0.001
  I/II	 40	 32	 8
  III/IV	 45	 14	 31
Depth of invasion (T)				    0.004
  T1/T2	 21	 17	 4
  T3/T4	 64	 29	 35
Lymph node				    <0.001
metastasis (N)
  N0	 43	 33	 10
  N1-3	 42	 13	 29
Distant metastasis (M)				    0.021
  M0	 75	 44	 31
  M1	 10	 2	 8

KITENIN, KAI1 COOH-terminal interacting tetraspanin.

Figure 4. Kaplan-Meier survival curve correlating overall survival with posi-
tive expression (dotted line) and negative expression (solid line) of KITENIN 
(P=0.002).

Figure 5. Assessment of tumor cell angiogenesis and lymphangiogenesis in 
human colorectal cancers. (A) Immunostaining of CD34. (B) Immunostaining 
of D2-40.
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LVD of 13.7 was chosen as the cut-off for discrimination of 
the 85 patients into two subgroups, 39 patients were deter-
mined to have low-LVD and 46 patients had high-LVD. No 
significant correlation was found between MVD or LVD and 
various clinicopathological parameters (Table III). Moreover, 
overall survival for patients with high-MVD or LVD was not 
significantly lower than that for patients with low-MVD or 
LVD (P=0.073 and 0.492, respectively) (Fig. 6A and B).

Discussion

Angiogenesis is an essential process needed by primary 
tumors to grow and invade adjacent normal structures (25-27). 
Angiogenesis is a complex process controlled by a balance of 
angiogenic and angiostatic factors involved in multiple pathways 
that result in endothelial cell proliferation, differentiation 

and organization into a functional network of vascular 
channels (25-27). In the present study, we investigated the role 
and mechanisms of KITENIN in promoting angiogenesis. 
In the present study, KITENIN silencing decreased both 
endothelial cell migration and tube formation for HUVECs, 
key events in angiogenesis and neovascularization. In addition, 
KITENIN silencing resulted in decreased expression of the 
angiogenic inducers VEGF-A and HIF-1α and increased 
expression of the angiogenic inhibitor angiostatin in human 
colorectal cancer cells. These results indicated that KITENIN 
may play an important role in carcinogenesis by stimulating 
tumor angiogenesis in concert with angiogenic and angiostatic 
factors in human colorectal cancer.

Lymphangiogenesis is a dynamic process during 
embryogenesis that does not occur in normal adult 
tissue. Indeed, lymphangiogenesis is often activated in 
the tumor microenvironment  (27-29). Malignant tumors 
induce lymphangiogenesis in primary tumors as well as 
draining sentinel lymph nodes, thereby promoting lymph 

Table II. Correlation between KITENIN expression and tumor 
cell angiogenesis or lymphangiogenesis in the colorectal cancers.

	 KITENIN expression
	 -----------------------------------------------
	 Total	 Negative	 Positive
Indices	 (n=85)	 (n=46)	 (n=39)	 P-value

MVDa	 115.2±74.7	 91.6±50.5	 133.4±85.0	 0.018
LVDa	 13.7±5.8	 13.3±6.0	 14.0±5.7	 0.528

KITENIN, KAI1 COOH-terminal interacting tetraspanin; SD, stan-
dard deviation; MVD, microvessel density; LVD, lymphatic vessel 
density. aMean ± SD.

Figure 6. (A and B) Kaplan-Meier survival curve correlating overall survival 
with high-MVD or LVD (dotted line) and low MVD or LVD (solid line). 
MVD, microvessel density; LVD, lymphatic vessel density.

Table III. Correlation between MVD or LVD and clinicopatho-
logical parameters of the colorectal cancers.

	 MVD		  LVD
Parameters	 (mean ± SD)	 P-value	 (mean ± SD)	 P-value

Stage		  0.387		  0.091
  I/II	 104.9±64.9		  12.5±4.5
  III/IV	 124.3±82.0		  14.7±6.5
Depth of		  0.179		  0.880
invasion (T)
  T1/T2	 137.4±85.4		  11.7±5.0
  T3/T4	 107.9±70.0		  14.3±5.9
Lymph node		  0.376		  1.000
metastasis (N)
  N0	 107.8±67.3		  13.3±5.5
  N1-3	 122.8±81.7		  14.0±5.9
Distant		  0.795		  0.623
metastasis (M)
  M0	 112.1±69.2		  13.6±6.0
  M1	 138.4±109.4		  14.4±0.6

SD, standard deviation; MVD, microvessel density; LVD, lymphatic 
vessel density.
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node metastasis. The metastatic spread of tumor cells to 
lymph nodes is enhanced following the induction of tumor 
lymphangiogenesis, which is driven by lymphangiogenic 
factors such as VEGF-C and VEGF-D (27-29). In the present 
study, KITENIN silencing did not decrease either endothelial 
cell migration or tube formation in HLECs. In addition, 
KITENIN silencing resulted in decreased expression of 
the lymphangiogenic inducer VEGF-C, but not VEGF-D, 
in human colorectal cancer cells. These results suggest 
that although the expression VEGF-C, one of the central 
regulators of lymphangiogenesis, was decreased by KITENIN 
silencing, KITENIN may not be a major factor involved in 
lymphangiogenesis in colorectal cancer.

Next, we evaluated the expression of KITENIN in a 
well-defined series of human colorectal cancers, with special 
reference to patient prognosis. Previously, we reported that 
KITENIN expression was significantly associated with 
advanced stage and/or poor survival in various human cancers, 
including gastric, colorectal, laryngeal and oral cavity cancer, 
and glioma (20-24). In the present study, KITENIN expres-
sion was significantly associated with stage, depth of invasion, 
lymph node and distant metastasis, and poor survival. These 
results are in agreement with our previous studies (20-24). 
Therefore, KITENIN expression plays an important role in 
tumor progression, and this protein may serve as a potential 
prognostic factor and target in human colorectal cancer.

The intratumoral MVD as determined by immunohis-
tochemistry is considered to reflect the angiogenic activity 
generated by neoplastic cells and the supporting stroma (35). 
Numerous studies have illustrated that increased angiogenesis 
as measured by MVD was associated with the prognosis of 
patients with colorectal cancer  (36-38). In addition, previ-
ously, immunostaining of podoplanin (D2-40) as a molecular 
marker specific to the lymphatic endothelium has been used to 
assess lymphangiogenesis in various human cancers (39,40). 
In the present study, when a mean MVD (or LVD) value was 
chosen as the cut-off for categorizing the study patients as 
having low or high-MVD (or LVD), although the MVD and 
LVD were higher for advanced tumors than for non-advanced 
tumors, no significant correlation was found between MVD 
or LVD and various clinicopathological parameters including 
patient survival. However, many lines of evidence indicate 
that MVD and LVD are associated with tumor progression 
and poor prognosis in colorectal cancer (36-38,41-45). These 
discrepancies may be attributable to the small size of in the 
present study population, which may have influenced some 
results, particularly the lack of association for various clinico-
pathological parameters, and to the different scoring systems 
and different antibodies used in immunohistochemistry as 
quantitative markers.

Lastly, we evaluated the correlation between KITENIN 
expression and tumor cell angiogenesis or lymphangiogenesis 
in human colorectal cancer tissues to confirm the results of 
our human colorectal cancer cell line studies. In the present 
study, the mean MVD of the KITENIN-positive tumors was 
significantly higher than that of KITENIN-negative tumors. 
However, the mean LVD of KITENIN-positive tumors was not 
significantly different from that of KITENIN-negative tumors. 
These results thus confirm the in vitro findings that KITENIN 
silencing inhibits angiogenesis.

Taken together, we found that KITENIN is associated with 
tumor progression by enhancing angiogenesis in colorectal 
cancer.
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