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  Purpose: Lymphatic spread of tumor is an important 
prognostic factor for patients with non-small cell lung car-
cinoma (NSCLC). Vascular endothelial growth factor-C  
(VEGF-C) and VEGF-D play important roles in lym-
phangiogenesis via the VEGF receptor 3 (VEGFR-3). 
We sought to determine whether VEGF-C, VEGF-D and 
VEGFR-3 are involved in the clinical outcomes of pa-
tients with resected NSCLC.
  Materials and Methods: Using immunohistochemical 
staining, we investigated the protein expressions of 
VEGF-C, VEGF-D and VEGFR-3 in the tissue array 
specimens from patients who underwent resection for 
NSCLC. The immunoreactivity for p53 was also exa-
mined. The clinicopathological implications of these mol-
ecules were statistically analyzed.
  Results: Analysis of a total of 118 specimens showed 
that VEGF-C, VEGF-D and their co-expression were sig-
nificantly associated with more advanced regional lymph 

node metastasis (p=0.019, p=0.044 and p=0.026, re -
spectively, N2 versus N0 and N1). A VEGFR-3 expre-
ssion had a strong correlation with peritumoral lymphatic 
invasion (p=0.047). On the multivariate analysis for sur-
vival and recurrence, pathologic N2 lymph node meta-
stasis was the only independent prognostic factor, but 
none of the investigated molecules showed any statistical 
correlation with recurrence and survival.
  Conclusions:  The present study revealed that high ex-
pressions of VEGF-C and VEGF-D were strongly asso-
ciated with more advanced regional lymph node meta-
stasis in patients with resected NSCLC. (Cancer Res 
Treat. 2008;40:133-140)
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INTRODUCTION

  Despite the improvements for the diagnosis and management 
of lung cancer, this malady is still a major cause of cancer- 
related death worldwide, including South Korea (1). Non-small- 
cell lung cancer (NSCLC) represents approximately 80% of all 
the lung cancer cases and the majority of these patients present 
with advanced or metastatic disease (1). If these patients are 
diagnosed at an early stage, then the survival rates approach 
about 70%. However, when these patients are diagnosed at 
advanced stages II or III, the survival rates fall dramatically to 
about 30 or 15%, respectively (2). Despite the improvements 
of the staging accuracy and surgical techniques, the post-

operative NSCLC recurrence rate is also too high. The most 
reliable prognostic factor for patients with NSCLC is the cancer 
stage, including the lymph node status (3). Thus, the correct 
determination of tumor spreading to the lymph nodes is im-
portant for making proper decisions about the optimal 
therapeutic strategy and precisely assessing a patient's pro-
gnosis.
  The lymphatic system is an important route of metastatic 
spread of cancer to secondary organs. Recent studies have 
demonstrated that the lymphangiogenesis associated with 
tumors promotes metastasis via the lymphatics (4). Several 
molecular markers are involved in lymphangiogenesis such as 
vascular endothelial growth factor-C (VEGF-C), VEGF-D and 
the VEGF receptor 3 (VEGFR-3), and these are known to be 
important and specific regulatory factors for lymph node 
metastasis and the progression of different human cancers 
(5~10). VEGF-C and VEGF-D exert their effects on endothelial 
cells via the activation of VEGFR-2 and VEGFR-3 (also known 
as fms-like tyrosine kinase 4 [flt4]) (4). In adults, the VEGFR-3 
expression in the endothelium is largely restricted to lymph-
atics, but VEGFR-3 has also been detected in blood vessels of 
malignant tumors and during wound healing (12). In several 
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clinical studies, correlations of VEGF-C and VEGF-D with 
lymphatic spread, adjacent tissue invasion and/or a poor pro-
gnosis have been observed in colorectal (5), ovarian (6), gastric 
(7) and breast cancers (8). Similarly, a high density of 
VEGFR-3-positive vessels was found to be correlated with a 
poor prognosis for patients with breast cancer (9). Additionally, 
VEGF-C and VEGFR-3 has been found to be correlated with 
a poor prognosis for patients with NSCLC (10). However, to 
the best of our knowledge, the association between the 
expression of VEGF-D and the clinical outcome for NSCLC 
patients has not been examined.
  The p53 protein stimulates the transcription of several genes 
that mediate cell-cycle arrest and this protein initiates apoptosis 
in response to DNA damage. While the wild-type p53 protein 
makes tumor differentiation possible, mutant p53 proteins block 
it (12). The p53 protein may also play an important role in the 
growth and differentiation of the fetal bronchial epithelium 
(13). It has been recently reported that mutant p53 may play 
a role in controlling the cell cycle, along with VEGF-C, in 
breast cancer tissue (14). 
  Thus, we sought to investigate the expressions of VEGF-D, 
VEGF-C and VEGFR-3 in the surgical specimens from NSCLC 
patients, and we wanted to determine any correlation of the 
VEGF-D, VEGF-C and VEGFR-3 expressions with the clinico-
pathological parameters and clinical outcomes.

MATERIALS AND METHODS

1) Patients and tissue specimens

  The study was approved by the St. Mary's Hospital 
institutional review board. All the tissues investigated in this 
study were obtained from a series of consecutive NSCLC 
patients who underwent curative (R0) resection (lobectomy or 
pneumonectomy) between April 1997 and March 2003 at 
Kangnam St. Mary's Hospital, the Catholic University of 
Korea. Paraffin blocks with the tumor samples were available 
from 118 patients. We examined two histological tumor sub-
types, adenocarcinoma (AC) and squamous cell carcinoma 
(SCC), to compare the role of the investigated markers. The 
clinicopathological data was obtained from the medical records, 
including the patients' ages and gender, the histopathological 
diagnosis, the pathological tumor stage and the date of the 
initial diagnosis and the date of relapse, death or the last 
follow-up. Histological classification was performed according 
to the WHO criteria and the postoperative pathological staging 
was performed according to the American Joint Committee on 
Cancer (AJCC) staging criteria, 6th edition. 

2) Construction of the tissue microarray

  All the archival tissue samples were routinely fixed in 
formalin and embedded in paraffin wax. Representative tissue 
areas were marked on standard hematoxylin and eosin stained 
sections that were cut from the blocks; these corresponding 
areas were then punched out of the paraffin block using a 
2.0-mm punch, and the cores were inserted into a recipient 
paraffin block. To decrease any error introduced by sampling 
and to minimize the impact of tissue loss during processing, 
duplicate tissue cores per specimen were arrayed on a second 

recipient paraffin block. Sections (4μm) were cut from the 
completed array block and they were transferred to silanized 
glass slides.

3) Immunohistochemistry

  The tissue sections were dewaxed by incubation in xylene 
and they were rehydrated using a graded series of ethanol 
solutions. The endogenous peroxidase was blocked with 3% 
H2O2 in methanol. Antigen retrieval was performed with citrate 
buffer (pH 6.0) by heating the tissue sections in a microwave 
vacuum histoprocessor (RHS-1; Milestone, Bergamo, Italy) at 
a controlled final temperature of 121oC for 15 min, and then 
they were cooled to room temperature for 15 min. 
  Goat VEGF-C polyclonal antibody (C-20, catalog no. sc- 
1881; Santa Cruz Biotechnology, Santa Cruz, CA) and goat 
VEGF-D polyclonal antibody (R&D Systems, Minneapolis, 
MN) were diluted 1：100 and 1：10, respectively, with using 
dilution buffer. The rabbit VEGFR-3 polyclonal antibody 
(Zymed, San Francisco, CA) was diluted 1：100. The mouse 
monoclonal anti-p53 antibody (clone DO-1; Immunotech, Mar-
seille, France) was diluted 1：100. The primary antibodies 
were incubated with the slides at room temperature for 1 h. 
Detection of the antibody reaction was accomplished using the 
conventional-labeled streptavidin-biotin (LSAB2 System-HRP; 
Dako) method. The color reaction was developed in 3,3'dia-
minobenzidine for 5 min and the slides were then hematoxylin- 
counterstained. The VEGF-C, VEGF-D, VEGFR-3 and p-53 
immunostaining was independently examined by two patho-
logists.
  For assessment of the VEGF-C and VEGF-D expressions, 
the staining intensity was scored as 0 (negative), 1 (weak), 2 
(medium) or 3 (strong). The extent of staining was scored as 
0 (0%), 1 (1∼25%), 2 (26∼50%), 3 (51∼75%) or 4 (76∼
100%), according to the percentage of the positive staining 
areas. The sum of the intensity and extent scores was used as 
the final staining score (0∼7). For statistical analyses, the 
tumors having a final staining score of ≥4 were considered 
to have a high expression. The staining for VEGFR-3 was 
classified as 0 (＜10% positive staining of the tumor cells or 
stroma cells), 1＋ (11∼25%), 2＋ (26∼50%), 3＋ (51∼75%) 
or 4＋ (＞76%). Staining for p53 was also graded as 0 (＜10% 
positive staining of tumor cells), 1＋ (11∼25%), 2＋ (26∼
50%), 3＋ (51∼75%) or 4＋ (＞76%). For statistical analyses, 
the staining of VEGFR-3 and p53 was classified as a high 
expression if ≥10% of the cells showed immunoreactivity. 

4) Statistical analyses

  Statistical analyses were performed using the statistical 
software package SPSS (version 13.0; SPSS, Chicago, IL). 
Survival was determined from the date of surgery to the time 
of an event (recurrence, death) by using the Kaplan-Meier 
method. Following an intent-to-treat approach, the non-cancer- 
related deaths as well as patients lost to follow-up were 
included in the survival analyses, but this was considered as 
censored data. The relationships between the expressions of 
VEGF-C, VEGF-D, VEGFR-3 and p53 and the clinicopatho-
logical features were evaluated using Spearman's coefficient of 
rank correlation or Fisher's exact probability test. The statistical 
significance of the differences in the cumulative survival curves 
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Table 1. Clinical and pathologic characteristics of the patients

Characteristics
Total

No. of patients %

No. of patients 118
Age (years), median (range) 63.5 (19∼85)
  ＜65 62 52.5
  ≥65 56 47.5
Gender 
  Male 88 74.6
  Female 30 25.4
Histology
  AC* 67 56.8
  SCC

† 51 43.2
T stage 
  T1-2 104 88.1
  T3 14 11.9
N stage
  N0-1 99 83.9
  N2 19 16.1
Stage
  I 70 59.3
  II 21 17.8
  III 27 22.9
Tumor differentiation
  Well 24 20.3
  Moderate 71 60.2
  Poor 23 19.5
Adjuvant treatment
  not done 67 56.8
  done 51 43.2
Lymphatic invasion 
  negative/positive 58/60 49.2/50.8
Vascular invasion 
  negative/positive  7/111 6.0/94.0
Perineural invasion 
  negative/positive  8/110 6.8/93.2
Relapse (n=111) 44 39.6
First site of relapse 
  Intrathoracic 34 30.6
  Extrathoracic 17 15.3

*adenocarcinoma, 
†squamous cell carcinoma.

was evaluated using the log-rank test. Multivariate survival 
analysis was performed on all the parameters that were found 
to be significant on univariate analysis with using the Cox 
proportional hazard model. The survival rates and odds ratios 
are presented with their 95% confidence intervals. The 
statistical tests were two-sided at a 5% level of significance.

RESULTS

1) The patients' clinical characteristics

  Paraffin blocks with tumor samples were available from 118 
patients who had undergone surgery. With regard to treatment, 
none of the patients had received radiation or chemotherapy 
preoperatively. The median follow up duration was 50.5 months 

(range: 0.6∼148.3 months) after the initial pathological dia-
gnosis. The clinical and pathological characteristics of the 
patients are shown in Table 1. The patients consisted of 88 
males and 30 females, with a median age of 63.5 years (range: 
19∼85 years). Histologically, 67 patients (56.8%) had AC and 
51 (43.2%) had SCC; of the 118 patients, 24 (20.3%) had well 
differentiated carcinomas, 71 (60.2%) had moderately differen-
tiated carcinomas and 23 (19.5%) had poorly differentiated 
carcinomas. A total of 51 patients (43.2%) received adjuvant 
treatment; of those, 45 received platinum-based chemotherapy, 
4 received radiotherapy and 2 received concurrent chemoradio-
therapy.

2) Immunohistochemical staining

  Of the 118 specimens, the VEGF-C- and VEGF-D-positive 
stainings were predominantly observed in the cytoplasm of the 
cancer cells (Fig. 1) in 71 (60.2%) and 62 (52.5%) patients, 
respectively (Table 2). A strong expression of VEGFR-3 was 
observed in 49 specimens. VEGFR-3 was highly expressed in 
the stroma cells and in the cytoplasm and membranes of the 
tumor cells, with the positive staining rate being 41.5%. We 
observed a VEGFR-3 expression in the endothelial cells in the 
stroma surrounding the cancer cells (Fig. 1). Of the 118 speci-
mens, strong p53 nuclear immunostaining was observed in 64 
(54.2%) tumors (Table 2). 

3) Correlation between the expression of the lymph-
angiogenic factors and the clinicopathological features

  The associations between the VEGF-C, VEGF-D and 
VEGFR-3 expressions and the clinicopathological features are 
shown in Table 2. Of the 118 primary tumor specimens, we 
found significant correlations for the high expression of 
VEGF-C with peritumoral lymphatic invasion, a more advanced 
pathologic stage, more advanced regional lymph node meta-
stasis and poor tumor differentiation (p=0.004, p=0.006, p= 
0.019 and p=0.048, respectively). A high expression of VEGF-D 
was significantly correlated with lymphatic invasion, an early 
T-stage and pathologic N2 lymph node metastasis (p=0.007, 
p=0.012 and p=0.044, respectively). Moreover, the co-expression 
of VEGF-C and -D was found to have a significant correlation 
with more advanced regional lymph node metastasis (p=0.026). 
An increased expression of VEGFR-3 was significantly related 
to only peritumoral lymphatic invasion (p=0.047).

4) Correlation between p53 and the clinicopathological 
features

  A high expression of p53 was found more frequently in the 
SCC histological subtype (p=0.013) than in the AC subtype or 
the poorly differentiated carcinomas (p=0.039; Table 2).

5) Relationships for the expression patterns among 
VEGF-C, VEGF-D, VEGFR-3 and p53

  The expression patterns of VEGF-C, VEGF-D and VEGFR-3 
are shown in Table 3. The correlation between the expressions 
of VEGF-C and VEGF-D or p53 was statistically significant 
(p＜0.001 and p=0.006, respectively). However, the expression 
of VEGFR-3 was not associated with that of any other marker. 
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Fig. 1. Immunohistochemistry for vascular endothelial growth factor 
C (VEGF-C) and -D and VEGF receptor 3. (A and B) Immuno-
reactivity for VEGF-C and -D was detected predominantly in the 
cytoplasm of the tumor cells; typical examples of VEGF-C (A) and 
VEGF-D (B) immunopositivity in adenocarcinoma, respectively 
(×400). (C) Immunoreactivity for the VEGF receptor 3 was detected 
in the cytoplasm of the stoma cells and tumor cells (×400).

6) Disease relapse with respect to the clinicopathological 
factors

  The 5-year disease-free rate for resected NSCLC was 48.3%. 
Recurrent tumors were noted in 44 patients (39.6%) at the end 
of follow-up. The data on the first site of relapse was collected 
for all the patients who could be evaluated (Table 1). Of those 
44 patients, the most common site of the first relapse was the 
intrathoracic area (34 patients, 77.3%); of those 34 patients, 30 
had relapses with lung metastases, 3 had mediastinal lymph 
node metastases and 1 had chest wall metastases. Only 17 
patients (38.6%) had relapses in the extrathoracic area; of the 
17, 9 had relapses with bone metastasis, 6 had brain metastases 
and 1 had liver metastasis. No significant association was found 
between the first relapse site and the expression of the 
molecular markers we tested for (data not shown). Univariate 
analysis for disease relapse showed that a more advanced 
regional lymph node metastasis status (pathologic N2 versus N0 
and N1) and a more advanced TNM stage (stage III versus 
stages I and II) were significantly correlated with disease 
relapse (p＜0.001, and p＜0.001, respectively; data not shown). 

However, none of the expressions of the molecular markers we 
examined was related to relapse (Fig. 2). On the Cox multi-
variate analysis of all cases (n=118), only a pathologic N2 
lymph node metastasis status had prognostic value for disease- 
free survival (hazard ratio, 2.644; 95% CI, 1.288∼5.427; 
p=0.008; Table 4).

7) Overall survival with respect to the clinicopatho-
logical factors

  The overall 5-year survival rate for resected NSCLC was 
60.5%. Of the 118 patients, 69 (58.5%) were alive and 49 
(41.5%) died during their follow-up. However, for 7 of those 
patients who died, it was difficult to determine whether the 
death was cancer-related due to the unavailability of a patient 
registry. Univariate analysis of the clinicopathological factors 
that were relevant to patient survival showed that the following 
factors were statistically significant for the overall survival of 
patients: a more advanced T stage (p=0.022), an advanced 
regional lymph node metastasis status (p＜0.001) and an 
advanced TNM stage (p＜0.001; data not shown). On the 
multivariate analysis for overall survival, the only significant 
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Table 2. Clinicopathological factors and their relationship to the expression of the proteins assessed (n=118)

Characteristics
VEGF-C VEGF-D VEGFR-3 P53

High (%) High (%) High (%) High (%)

Total 71 (60.2) 62 (52.5) 49 (41.5) 64 (54.2)
Histology
  AC* 39 (58.2) 33 (49.3) 28 (41.8) 30 (44.8)
  SCC

† 32 (62.7) 29 (56.9) 21 (41.2) 34 (68.0)
  p-value 0.618 0.412 0.946 0.013
Grade
  Well/Mod 53 (55.8) 47 (49.5) 38 (40.0) 47 (51.4)
  Poor 18 (78.3) 15 (65.2) 11 (47.8) 17 (73.9)
  p-value 0.048 0.175 0.494 0.039
T stage
  T1-2 61 (58.7) 59 (56.7) 43 (41.3) 56 (53.8)
   T3 10 (71.4)  3 (21.4)  6 (42.9)  8 (57.1)
  p-value 0.344 0.012 0.937 0.984
N stage
  N0-1 55 (55.6) 48 (48.5) 42 (42.4) 52 (53.1)
  N2 16 (84.2) 14 (73.7)  7 (36.8) 12 (63.2)
  p-value 0.019 0.044 0.651 0.418
Stage
  I 37 (53.6) 39 (55.7) 28 (40.0) 36 (52.2)
  II 11 (50.0)  8 (38.1) 12 (57.1) 11 (52.4)
  III 23 (85.2) 15 (55.6)  9 (33.3) 17 (63.0)
  p-value 0.006 0.342 0.234 0.617
Lymphatic invasion 
  Negative 27 (46.6) 23 (39.7) 19 (32.8) 30 (51.7)
  Positive 44 (73.3) 39 (65.0) 30 (50.0) 34 (56.7)
  p-value 0.004 0.007 0.047 0.456

*adenocarcinoma, †squamous cell carcinoma.

Table 3. Relationship among expression pattern of markers (n=118)

VEGF-C VEGF-D VEGFR-3

Low (%) High (%) Low (%) High (%) Low (%) High (%)

VEGF-D
  Low (%) 32 (27.1) 24 (20.3)
  High (%) 15 (12.7) 47 (39.8)
  p-value ＜0.001
VEGFR-3
  Low (%) 29 (24.6) 40 (33.9) 35 (29.7) 34 (28.8)
  High (%) 18 (15.3) 31 (26.3) 21 (17.8) 28 (23.7)
  p-value 0.563 0.399
P53
  Low (%) 28 (23.9) 25 (21.4) 28 (23.9) 25 (21.4) 30 (25.6) 23 (19.7)
  High (%) 18 (15.4) 46 (39.3) 28 (23.9) 36 (30.8) 38 (32.5) 26 (22.2)
  p-value 0.006 0.328 0.762

predictor was a pathologic N2 lymph node metastasis status 
(hazard ratio, 2.891; 95% CI, 1.401∼5.967; p=0.004; Table 4). 
The expressions of the molecular markers we examined were 
not of any statistical significance as independent prognostic 
factors for overall survival (Fig. 2). 

DISCUSSION

  In the present study, the expression of VEGF-D, which was 
highly associated with the expression of VEGF-C, was signi-
ficantly correlated with pathological N2 lymph node metastasis 
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Fig. 2. Survival curve for patients with non-small cell lung cancer (NSCLC), as stratified by the expression of vascular endothelial growth 
factor C (VEGF-C; A: overall survival, B: disease-free survival), and the expression of VEGF-D (C: overall survival, D: disease-free 
survival).

Table 4. Multivariate analysis of clinicopathological characteristics 
and five biological factors by disease-free survival rate and overall 
survival rate

Characteristics Hazard ratio 95% CI* p-value

Disease-free survival
  N stage (N0∼1/N2) 2.644 1.288∼5.427 0.008

Overall survival
  N stage (N0∼1/N2) 2.891 1.401∼5.967 0.004

*confidence interval.

in the patients who underwent resection for NSCLC. To the 
best of our knowledge, this study is the first to demonstrate 
a significant correlation between a VEGF-D expression and 
lymph node metastasis in resected NSCLC tissue.
  In our study, the frequency of VEGF-C and VEGF-D expre-
ssions was 60.2% and 52.5%, respectively. The expression of 

VEGF-C was similar to that reported by a previous study (10). 
However, in the case of VEGF-D, its expression was slightly 
more frequent than that reported by Adachi et al. (15). Little 
data exists on the VEGF-D expression in NSCLC tissue and 
Adachi et al.'s report was limited to the adenocarcinoma 
subtype (17). The expressions of VEGF-C and VEGF-D were 
detected predominantly in the cytoplasm of the tumor cells, 
rather than in the nuclei. A cytoplasmic localization of this 
protein has been most often reported (7,8), but nuclear 
immuno-detection has also been described in breast cancer (14).
  Analysis of VEGF-C/D and the clinicopathological factors 
showed a significant association between the tumor tissues' 
expression of VEGF-C and/or VEGF-D and mediastinal lymph 
node metastasis. Additionally, the expression of VEGF-C 
showed a significant relationship with that of VEGF-D (p＜ 
0.001). The findings reported by various previous studies are 
consistent with the hypothesis that VEGF-C and VEGF-D are 
stimulators of lymphangiogenesis and lymph node metastasis in 
human cancers (4). A positive correlation between lymph node 
metastasis or lymphatic vessel invasion and a VEGF-C expre-
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ssion has been reported in patients with NSCLC and in 
esophagus, breast, stomach and prostate cancers (8,10,16∼18). 
Similarly, the VEGF-D expression is also up-regulated in 
several other types of tumors. An increased VEGF-D expre-
ssion may be linked to lymph node metastasis in colorectal (5), 
ovarian cancers (6), breast (8) and gastric cancer (20). The high 
frequency of the expressions of both VEGF-C and VEGF-D in 
tumor tissues suggests the cooperative promotion of cancer 
invasion to the lymphatic system by these molecules. Recent 
studies have shown that the simultaneous expressions of 
VEGF-C and VEGF-D trigger lymphangiogenesis in breast 
cancer (8). Furthermore, Ishii et al. reported that VEGF-C- 
expressing clones metastasized to the same side regional lymph 
nodes, whereas the VEGF-D expressing clones metastasized to 
the mediastinal and distant lymph nodes in a mouse model (19). 
In contrast, according to our data, the expression of VEGF-C 
or VEGF-D could not distinguish between regional and distant 
metastasis. A recent report from Kopfstein et al. showed that 
unlike VEGF-C, VEGF-D induces lymphangiogenesis and it 
promotes metastasis to the lymph nodes and lungs in the 
Rip1Tag2 transgenic mouse model of pancreatic cell carcino-
genesis (20). Further studies on the mechanism of action of 
VEGF-C and VEGF-D are warranted to examine the functional 
differences between them. Interestingly, of the 19 patients with 
N2 lymph node metastasis, 16 patients (84.2%) and 14 patients 
(73.7%) had a statistically significantly high expression of 
VEGF-C and VEGF-D, respectively, compared to the patients 
with N0 or N1 metastasis. The current procedures for detecting 
mediastinal lymph node involvement in NSCLC patients 
include computed tomography, positron emission tomography 
scanning and mediastinoscopy. Although they are clinically 
well established, these methods also have clear limitations for 
detecting micrometastasis in lymph nodes. Consequently, it 
would be ideal to identify molecular markers for the assessment 
of the nodal status in NSCLC patients. Tomita et al. did not 
find a significant correlation between a VEGF expression and 
the clinicopathological parameters in NSCLC patients with 
pathologic N2 lymph node metastasis (21). However, they used 
a monoclonal antibody to VEGF and not to VEGF-C/D. Our 
data suggest that the VEGF-C/D expression in the primary 
tumor tissue may predict mediastinal lymph node metastases in 
patients with equivocal N2 disease.
  Regarding the relationships between the biological and 
clinicopathological parameters, we found that poor tumor 
differentiation was significantly related to high expressions of 
VEGF-C and p53. Liao et al. reported a meaningful relationship 
between VEGF and p53 in resected NSCLC (22). Mutant p53 
may be correlated with the VEGF-C expression and the 
inability of malignant cells to control their cell cycle, and 
especially in the early stages of tumor development. This 
finding has also been demonstrated in breast cancer tissue (8). 
In addition, it was shown that p53 was related to cyclo-
oxygenase (COX)-2, which promotes proliferation, inhibition of 
apoptosis and angiogenesis. Moreover, the co-expression of 
both markers had prognostic value in NSCLC patients (23). 
Other studies have revealed that VEGF-C also induced the 
up-regulation of COX-2 (4). Additionally, Katsuda et al. 
reported that the expressions of VEGF-C and hypoxia-inducible 
factor (HIF)-1α, which is a target of p53, were correlated with 

lymphatic invasion in patients with esophageal cancer (24). 
Thus, these molecules also might be associated with VEGF-C 
and nuclear p53 in NSCLC tumor tissues.
  In this study, the frequency of a VEGFR-3 expression was 
41.5%, and this was higher than that of a previous report (10). 
Like VEGF-C and VEGF-D, VEGFR-3 was immunodetected 
in the cytoplasm of malignant cells. We also found positive 
staining for VEGFR-3 in the endothelial cells in the stroma 
surrounding the cancer cells (Fig. 1). VEGFR-3 positivity in 
the tumor stroma or the tumor cell itself may be closely related 
to the grade of lymphatic invasion or lymph node metastases 
of cancer (6), and the expressions of both VEGF-C or -D and 
VEGFR-3 have been associated with enhanced lymph node 
metastases in various cancers (10,14,18). However, in this 
study, VEGFR-3 was only significantly positively correlated 
with lymphatic vessel invasion (p=0.047) and no significant 
correlation was detected between VEGFR-3 and VEGF-C/D. 
We observed that the expression of VEGFR-3 in tumor cells 
was weaker than that in the stromal cells. As a result, we 
included the VEGFR-3 expression not only in cancer cells, but 
also in endothelial cells and we used the scoring method to 
assess the extent of this expression (14). VEGFR-3 is primarily 
expressed by the endothelial cells of the lymphatics. However, 
several reports have shown that VEGFR-3 is also expressed by 
non-endothelial cell types, including several cancer cells (6) and 
the myoepithelial cells that surround the ducts in breast cancer 
(25), which may indicate a lack of lymphatic vessel specificity 
for VEGFR-3. Moreover, a VEGFR-3 expression in endothelial 
cells has less clinical significance than that in cancer cells (9).
  The prognostic value of VEGF-C, VEGF-D and VEGFR-3 
is controversial. In clinical studies, correlations of VEGF-C, 
VEGF-D and/or VEGFR-3 with an unfavorable outcome have 
been observed in colorectal (5), ovarian (6), gastric (7,17) and 
breast cancers (8), while other studies have shown no such 
relationship (21,22). Similarly, a high density of VEGFR-3- 
positive vessels has been found to be correlated with a poor 
prognosis for patients with breast cancer (9). However, with 
regard to disease relapse or survival, we failed to demonstrate 
any prognostic significance of the molecular markers we 
examined. This may reflect the limitations of our study. First, 
the information on the actual causes of death was incomplete. 
Additional information concerning the causes of death was 
unavailable for 14.3% of the patients who died, which limited 
our interpreting the prognostic importance of the investigated 
molecules. Second, cancer progression and metastasis are multi-
factorial processes. For that reason, high expressions of 
lymphangiogenic factors may be necessary, but not sufficient 
to produce tumor progression and metastasis. A third possible 
explanation for our results is that the primary antibody used 
in this study was different from those used in other studies, 
which may also explain the differing results.

CONCLUSION

   We demonstrated that high expressions of VEGF-C and 
VEGF-D were strongly associated with more advanced regional 
lymph node metastasis in patients with resected NSCLC. The 
expression of these markers may provide accurate assessment 
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of the mediastinal lymph node involvement. Further investi-
gations are also required to clarify the functional differences 
between VEGF-C and VEGF-D in lymph node metastasis.
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