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Abstract
AIM: To investigate the expression levels of lymphatic 
vessel endothelial hyaluronan receptor-1 (LYVE-1), vas-
cular endothelial growth factor receptor-3 (VEGFR-3) 
and CD44 genes and the relationship between their lev-
els and clinicopathological parameters in gastric cancer. 

METHODS: Tissue samples were obtained from 33 
patients (8 females) with gastric cancer. mRNA levels of 
LYVE-1, VEGFR-3 and CD44 in normal and tumor tissues 
were quantitatively measured using real time polymerase 
chain reaction. The results were correlated with lymph 
node metastasis, histological type and differentiation of 
the tumor, T-stage, and presence of vascular, perineural 
and lymphatic invasions. The distribution of molecules in 
the tissue was evaluated using immunohistochemistry. 

RESULTS: LYVE-1, CD44 and VEGFR-3 gene expres-
sion levels were significantly higher in gastric cancer 
than in normal tissue. While there was no correlation 
between gene expressions and clinicopathologic fea-
tures such as histologic type, differentiation and stage, 
gene expression levels were found to be increased 
in conjunction with positive lymph node/total lymph 
node ratio and the presence of perineural invasion. A 
significant correlation was also found between LYVE-1 
and CD44 over-expressions and perineural invasion and 
lymph node positivity in gastric cancers. When the dis-
tribution of LYVE-1 antibody-stained lymphatic vessels 
in tissue was evaluated, lymphatic vessels were located 
intra-tumorally in 13% and peri-tumorally in 27% of 
the patients. Moreover, lymph node metastases were 
also positive in all patients with LYVE-1-staining. 

CONCLUSION: LYVE-1, VEGFR-3 and CD44 all play an 
important role in lymphangiogenesis, invasion and me-
tastasis. LYVE-1 is a perfectly reliable lymphatic vessel 
marker and useful for immunohistochemistry. 
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INTRODUCTION
Gastric cancer is the second most common cause of  
cancer deaths worldwide[1]. As the stage of  disease has 
definitive influence on survival, earlier diagnosis is highly 
critical. Lymphatic spread of  gastric cancer cells to re-
gional lymph nodes is one of  the earliest events associ-
ated with distant metastasis and poor prognosis[2]. Depth 
of  invasion, lymph node metastases and presence of  
distant metastases have all been found to be essential 
prognostic factors[3]. Vascular endothelial growth fac-
tor receptor-3 (VEGFR-3) is a tyrosine kinase receptor 
and is expressed in lymphatic endothelial cells. Increased 
VEGFR-3 expression correlates with regional lymph 
node metastasis in colorectal cancers[4-6]. In particular, 
VEGF-D and VEGFR-3 were recently reported to be 
independent prognostic markers in gastric cancer, and 
VEGF-D was found to be correlated with lymphatic 
metastasis[7]. Many factors have recently been proposed 
as markers for lymphatic endothelium. Lymphatic vessel 
endothelial hyaluronan receptor-1 (LYVE-1) is the lym-
phatic vessel endothelial hyaluronic acid (HA) receptor, 
located in lymph nodes and in the luminal and abluminal 
surfaces of  lymphatic vessels. LYVE-1 is very effective in 
the passage of  lymphocytes and tumor cells into the lym-
phatics[8,9]. CD44 is another cell surface receptor for HA, 
expressed by lymphocytes, macrophages and tumor cells. 
CD44 is also responsible for the passage of  lymphocytes 
and tumor cells into the lymphatics, similar to LYVE-1[10]. 
LYVE-1 has 43% similarity with CD44 but its specificity 
to HA is higher than that of  CD44[11]. Quantification of  
the lymphatic vessel density (LVD) in the tumor might 
also be important for the evaluation of  lymphangiogen-
esis and lymphatic metastasis[11].

The present study aimed to investigate the expression 
levels of  LYVE-1, VEGFR-3 and CD44 genes in human 
tissues with or without tumor using real-time polymerase 
chain reaction (RT-PCR), and to evaluate the relationship 
between these expression levels and clinicopathological 
parameters such as tumor type, stage, differentiation, and 
the presence of  lymph node metastasis, vascular inva-
sion and neural/perineural invasion in gastric cancer. The 
LYVE-1, CD44 and VEGFR-3 protein expressions in 
tissues were also demonstrated using immunohistochemi-
cal and Western blotting (WB) analysis.

MATERIALS AND METHODS
All tissue samples used in this study were obtained from 
patients who underwent radical surgery for gastric cancer 
in the 7th Surgical Clinic of  the Ankara Numune Teach-
ing and Research Hospital. All molecular studies were 
carried out in the research laboratories of  Hacettepe Uni-
versity Institute of  Oncology and Department of  Pathol-
ogy, Ankara Numune Hospital. 

The study protocol was approved by the local ethics 
committee of  Hacettepe University (04/12-19), in accor-
dance with the Declaration of  Helsinki, and all partici-
pants provided written informed consent.

Patients
Thirty-three patients [8 females; median age (range)  
58 years (42-78)] with gastric cancer who underwent radi-
cal gastrectomy and D2α lymph node dissection were 
included in the study. All patients provided written in-
formed consent for the procedure and to participate in 
the study. During and after surgery, paired tissue samples 
(tumoral and normal tissues) from all patients were ob-
tained according to the protocol. During surgical removal 
of  each tumor, an adjacent section of  normal tissue was 
also removed following pathological confirmation that it 
was free from tumor deposits. Samples were then trans-
ferred to the laboratory and kept at either -20℃ (tissues 
in RNA-Later) or -80℃ (tissues in liquid nitrogen), for 
further testing. 

Surgical sampling technique
During the operations, lymph nodes were sampled ac-
cording to the Japanese Research Society of  Gastric 
Cancer classification[12]. Macroscopically involved lymph 
nodes or lymph nodes of  more than 1 cm in size were 
sampled. The same procedure was applied for the nor-
mal-appearing lymph nodes. After laparotomy, in paral-
lel with the dissection protocol, paraaortic lymph nodes 
were sampled first, followed by perivascular (celiac trunk) 
and perigastric lymph nodes sampling. After completion 
of  surgery and total or subtotal removal of  the stomach, 
samples were obtained from the tumor and normal tis-
sues. Routine pathological examination of  surgical speci-
mens was carried out to determine the lymph node status 
and for accurate staging. 

RNA isolation
Total RNA was extracted from normal/tumoral tissues 
(200 mg) and normal/tumoral lymph node specimens 
(100 mg) using an RNeasy Midi Kit (Qiagen, CA, USA) 
according to the manufacturer’s instructions. Tissue ly-
sis was performed with Mini Bead Beater-8 (Biospec, 
OK, USA). Concentration and purity of  RNAs were 
determined on the NanoDrop 1000 spectrophotometer 
(Thermo, DE, USA). All samples were run on denaturing 
agarose gel. cDNA was subsequently synthesized using 
the RevertAid First Strand cDNA Synthesis Kit (Fer-
mentas, MD, USA) with 800 ng of  total RNA isolated for 
each sample.
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PCR
Before RT-PCR, traditional PCR was performed in order 
to test the primers of  LYVE-1, VEGFR-3, CD44 and 
GAPDH genes and the annealing degrees of  the prim-
ers, as well as to optimize the levels of  MgCl2. The prim-
ers for the genes are given in Table 1. To ensure that the 
correct products were obtained, amplified products were 
separated by 3% agarose gel electrophoresis (Figure 1).

RT-PCR
The quantitative RT-PCR (qRT-PCR) assays were per-
formed with the Corbet 6000 (Rotor-Gene, CA, USA) 
instrument using Lightcycler-DNA master SYBR Green 
I (Roche Diagnostics, Mannheim, Germany), and the 
expression levels of  lymphangiogenic genes were quanti-
fied. The RT-PCR reactions were set up in a volume of  
20 μL, containing 5 μL of  sample cDNA, 1 × SYBR 
Green I dye, 1.5 mmol/L MgCl2, and 5 pmol of  LYVE-1, 
VEGFR-3, CD44 and GAPDH specific primers. The 
cycling conditions were as follows: 95℃ for 30 s, 60℃ 
for 30 s, 81℃ for 5 s and 72℃ for 30 s for 40 cycles, with 
initial melting at 95℃ for 5 min.

Relative expression levels were calculated using the 
PCR threshold cycle number (CT) for each tissue and con-

trol sample using the formula 2-(∆CTsample - ∆CTcontrol)[13,14]. ∆CT 

represents the difference in CT values between the target 
and GAPDH transcripts. RT-PCR was performed in dupli-
cate for each sample and average CT values were calculated.

Immunohistochemistry
Consecutive 4-μm-thick sections were cut from each par-
affin sample. Sections were immunolabeled for LYVE-1, 
VEGFR-3 and CD44. 

The stains were carried out using the Bond Max (Leica 
Microsystems - Biosystems Division, Wetzlar, Germany) 
with the Polymer Refine Detection Kit (Vision Biosystem, 
MA, USA). Immunohistochemical stains were performed 
with rabbit polyclonal antibodies LYVE-1 (Abcam, MA, 
USA) (1:100), VEGFR-3 (Gene-Tex, CA, USA) and 
CD44 (Gene-Tex, CA, USA).

LVD was determined from the counts of  LYVE-
1-positive vessels. Vessel density was assessed by light 
microscopy of  the intratumoral region containing the 
greatest number of  capillaries and small venules. Highly 
vascular areas were identified by scanning tumor sections 
at low power (× 40 and × 100). After the six areas of  
greatest neovascularization were identified, a vessel count 
was performed at X200, and the mean count of  six fields 
was calculated. In slides immunolabeled for LVYE-1 and 
VEGFR-3, only vessels with typical morphology (includ-
ing a lumen) were counted as lymphatic vessels[15]. CD44-
positive cells were determined in tumor and normal tis-
sue sections and compared.

Statistical analysis
Data from patients and laboratory studies were stored 
and evaluated using SPSS 15.00 for Windows (SPSS, 
Chicago, IL, USA). All descriptive data were expressed 
as median (range). The relationships between these and 
expression levels of  LYVE-1, VEGFR-3 and CD44 were 
evaluated using the Fisher Exact Probability test. As the 
distribution of  genes was not normal, the nonparametric 
tests were used for evaluation. The comparison between 
clinicopathological characteristics and gene expression 
levels was performed using Mann-Whitney U and Krus-
kal-Wallis tests. The correlation between clinicopatho-
logical features and gene expression levels was evaluated 
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Table 1  Primer sequences for quantitative real-time polymerase chain reaction

Genes Primer sequences (5'-3') Chromosome PCR products (bp)

LYVE-1 F: CCAGTGAGCCGACAGTTTGCAG
R: CAGGTATTGTAGAGTAAGGGGATGCC 11p15 184

VEGFR-3 F: ACGGCCTGGTGAGTGGC
R: CGTTTGACTCCTCCGTGATG 5q35.3   63

CD44 F: GCAACTCCTAGTAGTACAACGGAAGA
R: CGATATCCCTCATGCCATCTGA 11p13   80

GAPDH F: GGCTGAGAACGGGAAGCTTGTCAT
R: CAGCCTTCTCCATGGTGGTGAAGA 12p13 143

PCR: Polymerase chain reaction; LYVE-1: Lymphatic vessel endothelial hyaluronan receptor-1; VEGFR-3: Vascular 
endothelial growth factor receptor-3.

200 bp

50 bp

1     2     3     4     5     6     7     8     9     10

Figure 1  Polymerase chain reaction products of genes. 1: Ladder (50 bp); 
2: Lymphatic vessel endothelial hyaluronan receptor-1 (184 bp), gastric tissue; 
3-5: GAPDH (143 bp), in colon, stomach and pancreas, respectively; 6, 7: 
CD44 (80 bp) in stomach and colon; 8, 9: Vascular endothelial growth factor 
receptor-3 (63 bp) in stomach and colon; 10: ladder (50 bp).
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using logistic regression analysis and Spearman’s correla-
tion coefficients. P-values less than 0.05 were considered 
significant.

RESULTS
Clinicopathological features and relative gene 
expression levels
All information on patients with gastric cancer, including 
age, sex, Lauren histological tumor type, degree of  dif-
ferentiation, T-stage, final stage, number of  total lymph 
nodes (TLN) removed, number of  positive lymph nodes 
(PLN), the PLN/TLN ratio, presence of  vascular, neural 
and perineural invasion, and relative expression levels of  
LYVE-1, VEGFR-3 and CD44 calculated using qRT-
PCR and the 2-∆∆CT method[13,14], was stored and evaluated 
using SPSS 15.00 for Windows. 

LYVE-1, VEGFR-3 and CD44 gene expression levels 
in relation to clinicopathological features are shown in 
Table 2.

Expression levels of  LYVE-1, VEGFR-3 and CD44 
genes were significantly higher in tumoral tissues than 
in the normal tissues in gastric cancer patients, which 
was found to be independent of  the age and gender of  
the patients (P < 0.001) (Figure 2). There was a linear 
correlation between the expression levels of  LYVE-1 
and CD44 molecules, and the same correlation was also 
found between their over-expression levels (Spearman’s 
rank correlation, P = 0.025 and P = 0.033).

The expression levels of  the genes were higher in 
patients with lymph node metastases than patients with-
out metastases, however, the difference did not reach 
the level of  significance. When the PLN/TLN ratio was 
investigated, the expression levels of  LYVE-1, VEGFR-3 
and CD44 genes were significantly less in patients with a 
ratio of  ≤ 0.20 than in patients with a PLN/TLN ratio 
of  ≥ 0.4 (P = 0.001). Both expression levels and over-
expression of  the genes were increased with increased 
PLN/TLN ratio (Spearman’s rank correlations; P = 0.01 
for LYVE-1, P = 0.036 for CD44 and P = 0.016 for 
VEGFR-3). The value of  significance was most appar-
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Table 2  Clinicopathological features and expression levels of lymphatic vessel endothelial hyaluronan receptor-1, vascular endothe-
lial growth factor receptor-3 and CD44 genes in patients with gastric cancer

Features n LYVE-1 P CD44 P VEGFR-3 P

Lauren type
   Intestinal 15 0.76 (0.04-2.66) NS 1.14 (0.17-2.80) NS 1.20 (0.02-3.70) NS
   Diffuse 18 0.81 (0.09-3.12) 1.14 (0.28-2.51) 0.87 (0.26-1.83)
Differentiation
   Well 14 0.80 (0.04-2.66) NS 1.14 (0.17-2.80) NS 1.23 (0.02-3.70) NS
   Poor 19 0.78 (0.09-3.12) 1.14 (0.28-2.51) 0.86 (0.26-1.83)
T-stage
   T2   2 0.54 (0.15-0.93) NS 0.39 (0.17-0.60) NS 0.6 NS
   T3 17 0.69 (0.04-2.66) 1.17 (0.28-2.80) 0.99 (0.02-2.94)
   T4 14   1.0 (0.10-3.12) 1.24 (0.47-2.14)   1.0 (0.26-3.70)
Vascular invasion
   Negative 15 0.82 (0.15-1.68) NS 1.80 (0.60-2.80) NS 1.06 (0.60-1.57) NS
   Positive 18 0.96 (0.10-3.12) 1.07 (0.28-2.14) 1.13 (0.26-3.70)
Perineural invasion
   Negative 10 0.32 (0.10-0.93) 0.020 0.57 (0.17-0.76) 0.020   0.8 (0.26-2.21) NS
   Positive 23   1.0 (0.04-3.12) 1.40 (0.31-2.80) 1.13 (0.02-3.70)
Neural invasion
   Negative 15 0.78 (0.04-3.12) NS 0.95 (0.17-2.80) NS 0.93 (0.02-2.94) NS
   Positive 18 0.84 (0.21-2.22) 1.48 (0.46-2.51) 1.24 (0.40-3.70)
Lymph nodes 
   Negative   5 0.66 (0.15-1.68) NS 0.74 (0.17-1.61) NS 0.86 (0.30-2.21) NS
   Positive 28 0.82 (0.04-3.12) 1.22 (0.28-2.80) 1.06 (0.02-3.70)
PLN/TLN ratio
   ≤ 0.4 25 0.53 (0.04-1.68) NS 1.06 (0.17-2.80) NS 0.83 (0.02-2.21) NS
   > 0.4    8   2.0 (0.69-3.12) 0.003 1.53 (0.47-2.40) NS 1.97 (0.28-3.70) 0.050

PLN: Positive lymph nodes; TLN: Total lymph nodes; NS: Not significant; LYVE-1: Lymphatic vessel endothelial hyaluronan receptor-1; VEGFR-3: Vascular 
endothelial growth factor receptor-3.

3.00

2.00

1.00

0.00

2- ∆
∆C

t

P  < 0.001

LYVE-1 CD44 VEGFR-3

Figure 2  Lymphatic vessel endothelial hyaluronan receptor-1, CD44 and 
vascular endothelial growth factor receptor-3 expression levels are in-
creased in tumor tissues as compared to normal tissues in patients with 
gastric cancer (P < 0.001). LYVE-1: Lymphatic vessel endothelial hyaluronan 
receptor-1; VEGFR-3: Vascular endothelial growth factor receptor-3.
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ent when the PLN/TLN ratio was taken as ≥ 0.4 or < 
0.4 (Figure 3). There was also a significant correlation 
between the PLN/TLN ratio, tumor volume and number 
of  PLN (P < 0.001). When the expression levels of  the 
genes in the lymph nodes of  the stations were evaluated, 
it was found that their levels increased in parallel with 
expression levels in the tumor, but the difference was not 
found to be statistically significant. 

When the relationship between the T-stage of  the 
tumor and relative expression levels of  the genes was 
evaluated, we found that expression levels increased with 
increased T-stage, however, this increase was not statis-
tically significant. Although the number of  patients in 
earlier stages was too small, expression levels were much 
higher in T4-stage than T2, but the difference did not 
reach statistical significance, and no correlation was found 
between the T-stage and over-expressions (Figure 4).

On the other hand, there was a significant correlation 
between the final stage and T-stage, presence of  lymph 
node metastasis, number of  PLNs, and the PLN/TLN 
ratio. 

There was also no correlation between over-expres-

sions and neural invasion, whereas relative expression 
levels of  LYVE-1, VEGFR-3 and CD44 were signifi-
cantly increased with the presence of  perineural inva-
sion and reached statistical significance for LYVE-1 and 
CD44 (P < 0.001). All three genes were found to be over-
expressed with perineural invasion and a statistically sig-
nificant correlation was found between them (Figure 5). 

Although the relative expression levels of  all three 
genes were increased with the presence of  vascular inva-
sion, the difference was not statistically significant. 

Immunohistochemistry
The expressions of  LYVE-1, VGFR-3 and CD44 were 
all shown in tumor tissues using immunohistochemistry 
(Figure 6A-C). When the LVD at the central zone and 
periphery of  the tumor was measured, 13% of  patients 
had intratumoral staining and 27% had peritumoral stain-
ing for LYVE-1. Although the peritumoral distribution 
of  LYVE-1+ LVD was higher, the difference was not 
statistically significant (χ2 test, 2.773, Df  = 1, P = 0.09). 
Lymph node metastasis was positive in all patients with 
LYVE-1-stained lymphatic vessels, whether the LVD was 
peritumoral or intratumoral. However, we failed to find 
any correlation between LVD and lymph node metastasis 
(Spearman’s rank correlation coefficient, 0.26, P = 0.92). 

DISCUSSION
The present study was designed to investigate whether 
LYVE-1, which is a specific molecule for lymphatics, as 
well as CD44 and VEGFR-3 might be used as markers 
for lymph node metastases of  gastric tumors. We chose 
gastric cancer since it is well known to exhibit early me-
tastasis to lymph nodes. 

We evaluated the expressions of  LYVE-1, VEGFR-3 
and CD44 in normal gastric tissues, tumoral gastric tis-
sues and lymph nodes with or without metastases using 
RT-PCR. The levels were compared to those in normal 
tissues. 

Using qRT-PCR, we were able to show significantly 
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tive expression levels. The expression levels of lymphatic vessel endothelial 
hyaluronan receptor-1 (LYVE-1) are increased in conjunction with increased 
positive lymph nodes (PLN)/total lymph nodes (TLN) ratio (P = 0.003). VEG-
FR-3: Vascular endothelial growth factor receptor-3.

Figure 4  The relative expression levels and T-stage. No correlation was 
found between expression levels  and T-stage. LYVE-1: Lymphatic vessel en-
dothelial hyaluronan receptor-1; VEGFR-3: Vascular endothelial growth factor 
receptor-3.
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VEGFR-3: Vascular endothelial growth factor receptor-3.
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higher relative expression levels of  all three genes in 
tumoral tissue than in the normal tissue counterparts. 
The expression levels of  LYVE-1, VEGFR-3 and CD44 
were higher in patients with lymph node metastasis than 
in those without metastasis, however, the difference was 
not statistically significant. On the other hand, when we 
measured the correlation between the PLN/TLN ratio 
and relative expression levels of  LYVE-1 in tumors, 
levels were significantly higher in patients with a PLN/
TLN ratio ≥ 0.4. There was no significant correlation 
for VEGFR-3 or CD44. Over-expressions of  LYVE-1, 
VEGFR-3 and CD44 were all significantly increased with 
the increased number of  involved lymph nodes. 

The lymphatic metastatic process of  tumor cells fol-
lows a series of  complex biologic reactions. In the initial 

phase, tumor cells first invade the stroma and penetrate 
into lymphatic vessels and reach the lymph nodes via lym-
phatic flow. Lymphangiogenesis plays a very important 
role in this stage. The secretion of  growth factors such 
as VEGF-C, platelet-derived growth factor (PDGF) and 
fibroblast growth factor (FGF) from tumor cells increases 
the expression of  VEGFR-3, which triggers lymphangio-
genesis followed by the development of  new lymphatic 
capillaries and increases the number of  LYVE-1-secreting 
cells[16]. The increase in VEGFR-3 and LYVE-1 expres-
sions is highly critical because it reflects lymphangio-
genesis, indicating how tumor cells might easily reach 
the lymphatic system[17]. Molecules such as LYVE-1 and 
VEGFR-3 provide information on the behavior of  the 
tumor, as the increase in these molecules reflects the in-
crease in the number of  lymphatic endothelial cells. 

LYVE-1, VEGFR-3 and CD44 expression and over-
expression levels were increased with the presence of  
neural and perineural invasion; on the other hand, VEG-
FR-3 and LYVE-1 were both increased with vascular in-
vasion. However, the increase in LYVE-1 and CD44 was 
only significant in the presence of  perineural invasion, 
which might be explained partly by the size of  the study, 
heterogeneity of  the patients and variation in tumor be-
havior.

The present study also investigated the correlation be-
tween increased expression levels of  the genes and poor 
prognostic factors. It was found that expression levels did 
not change with Lauren type or with the degree of  dif-
ferentiation. LYVE-1, VEGFR-3 and CD44 expression 
levels were increased in conjunction with T stage. 

We evaluated the gene expression levels in metastatic 
lymph nodes and found that the expression levels of  
LYVE-1, VEGFR-3 and CD44 all increased in paral-
lel with the expression levels in tumor tissue, which was 
most apparent in LYVE-1 levels. When the relationships 
between the gene expression levels were analyzed, it was 
found that CD44 levels increased in parallel with LYVE-1 
expression in tumors. 

Hyaluronic acid (HA) is an extracellular matrix glycos-
aminoglycan found in tissues and body fluids, and plays 
a role in inflammation, leukocyte extravasation, wound 
healing, and metastasis of  tumor cells[18]. The CD44 
molecule is one of  the most well-defined HA cell surface 
receptors with a very important role in HA homeostasis 
and is expressed on the surface of  endothelial, mesenchy-
mal and lymphoid cells. However, CD44 is functionally 
silent in resting leukocytes and is activated only to bind 
HA[19].

Lymphatic vessel endothelial HA receptor (LYVE-1) 
is a receptor for hyaluronan and is expressed by the endo-
thelial cells of  the lymphatic vessels. LYVE-1 is located 
both intra- and extra-luminally in these vessels; therefore, 
it is thought that LYVE-1 plays an important role in the 
transportation of  both lymphocytes and other similar 
cells into the lymphatic system. Lymphocytes are routed 
into the lymphatic flow and caught by lymph nodes with 
the help of  CD44 cells integrated with HA and with 
LYVE-1. As it is specific to the lymphatic endothelium, 
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Figure 6  Expressions of lymphatic vessel endothelial hyaluronan recep-
tor-1, vascular endothelial growth factor receptor-3 and CD44 by immuno-
histochemistry. A: Arrows indicate the lymphatic vessel endothelial hyaluronan 
receptor-1-positive lymphatic vessels in gastric tumor (× 100); B: Arrows indicate 
vascular endothelial growth factor receptor-3-3-positive lymphatic vessels in 
gastric tumor (× 100); C: Arrows indicate CD44-positive lymphoid cells in gastric 
tumor (× 100).
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LYVE-1 might be a useful marker in identifying tissue 
lymphatics.

Vascular endothelial growth factor receptor-3 (VEG-
FR-3) is another lymphatic endothelial cell receptor that 
has an important role in lymphangiogenesis. Increased 
expression of  VEGF-C during growth of  the tumor in-
creases the development of  new lymphatic vessels so that 
VEGF-C may be considered as a marker of  lymph node 
metastasis. VEGFR-3 might also be a marker for lym-
phangiogenesis; however, it appears to be inadequate for 
suggesting lymph node metastasis. Despite the definitions 
of  LYVE-1, VEGFR-3 and CD44 and rapidly growing 
information on tumor biology, the molecular mechanisms 
regarding lymphatic invasion and the metastatic process 
to lymph nodes remain unclear.

Lymphatic vessels act not only in metastasis but also 
in the invasion of  cancer cells. The molecules that are 
released from lymphatic endothelial cells such as matrix 
metalloproteinases and urokinase plasminogen activa-
tors increase invasion by helping tumor cell movement in 
adjacent tissues[20]. VEGF-C stimulates the secretion of  
CCL1 chemokine from endothelial cells, which interacts 
with CCR8 expressed by tumor cells and moves tumor 
cells towards lymphatic vessels[21]. This interaction is 
one of  the most important steps in metastasis. All these 
molecules are secreted by both the endothelium of  new 
lymphatic capillaries and that of  other lymphatics already 
present around the tumor[22,23]. In addition to lymphatic 
markers such as LYVE-1 and VEGFR-3, we also used 
lymphatic involvement and perineural, neural and vascu-
lar invasion in order to better explain the process of  tu-
mor invasion and metastasis. Information gathered from 
this study supports this relationship. 

CD44, which is secreted by tumor cells, binds HA, 
and during the transport of  HA, it also intervenes in the 
transportation of  tumor cells into the lymphatic flow[24]. 
Furthermore, over-secretion of  CD44 by tumor cells 
might cause tumor cells to be perceived as lymphocytes 
by the immune system, which might trigger the occur-
rence of  immune escape[25]. As we have shown, increased 
secretion of  CD44 mRNA in gastric cancer might be an 
important indicator of  the biologic process explained 
above. 

We are not aware of  any previous study investigating 
LYVE-1 mRNA levels in gastric cancer. In two previous 
studies, VEGFR-3 expressions were shown to be in-
creased in tumor tissues and with the presence of  lymph 
node involvement using RT-PCR[26,27]. It was recently 
shown that there was a correlation between increased 
VEGFR-3 levels and metastasis[11,28]. It has also been 
reported that increased expression levels of  VEGFR-3 
might be a prognostic indicator, especially in patients 
with advanced gastric cancer[7,29].

To our knowledge, there has only been one published 
study investigating the quantitatively measured relative 
expression levels of  the CD44 gene in human gastric 
cancer[30]. Most of  the previous studies on CD44 were 
based on immunohistochemical analysis and analyzed 

the correlation between poor prognosis and presence of  
CD44[31-33]. 

We found that 40% of  cases (13/33) had lymphatic 
vessels in tumor tissue; 27% were located peritumorally 
and 13% were located intratumorally. However, we failed 
to find any correlation between LVD and lymph node 
metastasis, possibly due to the small study size.

There is still controversy regarding whether the intra-
tumoral or the peritumoral lymphatics are functional, and 
which should be used for evaluation[34,35]. Although our 
study population was too small to comment, peritumoral 
lymphatics with wide lumens seem to be more functional 
and effective for the occurrence of  metastasis as com-
pared to the intratumoral lymphatics with either narrow 
or obstructed lumen. This hypothesis appears to be in 
accordance with previous findings obtained from animal 
studies[17,36,37]. It is also known that the lymphatic vessels 
are located at the submucosa and extend through the 
muscularis propria. When tumor cells reach this anatomic 
location, they can easily move to the lymphatic vessels, 
thereby increasing metastatic potential[17].

The question of  whether the tumor uses new lym-
phatic capillaries occurring at its center due to lymphan-
giogenesis or lymphatic vessels already located peritumor-
ally remains unanswered[36]. We believe that peritumoral 
lymphatics have a very important role in the metastatic 
process.

The present study also shows that immunohisto-
chemical staining using LYVE-1 antibodies is more sensi-
tive than staining using VEGFR-3 antibodies, which is 
in parallel with previous findings by other researchers[38]. 
VEGFR-3 antibodies stain venous capillaries as well as 
lymphatic vessels, which makes differentiation difficult. 
The presence of  VEGFR-3 proteins in both normal and 
tumor tissues was shown by Western blotting, which cor-
related with the findings of  Yonemura et al[26].

A previous study in patients with colorectal cancers 
revealed that the expression levels of  VEGFR-3 are 
increased, whereas LYVE-1 levels were decreased in tu-
mor tissue[39]. LYVE-1 levels were found to be increased 
in another study using immunohistochemistry, but the 
authors failed to show any increase in quantitatively mea-
sured relative expression levels[40]. Yuanming et al[28] inves-
tigated the expression levels of  LYVE-1 and VEGFR-3 
in gastroenteric tumors and evaluated their relationships 
with lymphatic metastasis and tumor progression. They 
concluded that VEGFR-3 expression was increased when 
lymph node metastasis was present, but they failed to 
show any correlation with LYVE-1. By using LYVE-1 
antibody and immunohistochemistry, they found that 
there was a correlation between LVD and lymph node 
metastasis[28]. Although we were unable to show this 
correlation using immunohistochemistry, we were able 
to determine that relative expression levels of  LYVE-1 
increased with lymph node involvement in parallel with 
PLN/TLN ratios. Therefore, the findings of  Chen et al[41] 
using immunohistochemistry support our study based 
on quantitative measurements. In the literature, there are 
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only a few immunohistochemical studies on the quantita-
tive evaluation of  CD44 in gastric cancer and they did 
not reach a definitive conclusion[41,42]. 

In conclusion, we found that the expression levels of  
LYVE-1, CD44 and VEGFR-3 genes in gastric tumors 
were significantly increased when compared to levels in 
normal tissue. We failed to show any correlation between 
these expression levels and clinicopathological features 
such as histological type, differentiation and stage, how-
ever, a significant correlation was found between relative 
expression levels of  LYVE-1 and CD44 genes and peri-
neural invasion and lymphatic involvement, which sup-
ports the hypothesis that those genes play an important 
role during the process of  lymphangiogenesis, invasion 
and lymph node metastasis in gastric cancer.

Although it is not possible to make definitive com-
ments based on our findings regarding the relationships 
between clinicopathological features and peritumoral/in-
tratumoral LVD and their effects on prognosis, LYVE-1 
appears to be an excellent lymphatic vessel marker and 
LVD can be evaluated using immunohistochemical tech-
niques. We believe that increased expression levels of  
these genes in biopsy specimens can be used as a predic-
tor of  metastasis, which might further facilitate disease 
staging, treatment planning and prognosis estimation.
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