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Abstract
AIM: To study the expression of vascular endothelial growth
factor C (VEGF-C) and chemokine receptor CCR7 in gastric
carcinoma and to investigate their associations with lymph
node metastasis of gastric carcinoma and their values in
predicting lymph node metastasis.

METHODS: The expression of VEGF-C and CCR7 in gastric
carcinoma tissues obtained from 118 patients who underwent
curative gastrectomy was examined by immunohistochemistry.
Among these patients, 39 patients underwent multi-slice
spiral CT (MSCT) examination.

RESULTS: VEGF-C and CCR7 were positively expressed in
52.5 and 53.4% of patients. VEGF-C expression was more
frequently found in tumors with lymph node metastasis than
those without it (P<0.001). VEGF-C expression was also
closely related to lymphatic invasion (P<0.001), vascular
invasion (P<0.01), and TNM stage (P<0.001). However,
there was no significant correlation between VEGF-C
expression and age at surgery, gender, tumor size, tumor
location, Lauren classification, and depth of invasion. CCR7
expression was significantly higher in patients with lymph
node metastasis compared with those without lymph node
metastasis (P<0.001) and was also associated with tumor
size (P<0.01), depth of invasion (P<0.001), lymphatic
invasion (P<0.001), and TNM stage (P<0.001). However,
the presence of CCR7 had no correlation to age at surgery,
gender, tumor location, Lauren classification, and vascular
invasion. Among the 39 patients who underwent MSCT
examination, only CCR7 expression was related to lymph
node metastasis determined by MSCT (P<0.05). In the
current retrospective study, the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and
accuracy of VEGF-C and CCR7 expression in the diagnosis
of lymph node metastasis for patients with gastric carcinoma
were 73.8%, 70.2%, 72.6%, 71.4% and 72.0%, and 82.0%,
77.2%, 79.4%, 80.0% and 79.7%, respectively. After
subdivision according to the combination of VEGF-C and
CCR7 expression, receiver operating characteristic (ROC)
analysis showed that the accuracy of the combined
examination of VEGF-C and CCR7 expression in predicting

lymph node metastasis was relatively high (area under ROC
curve [Az]=0.83).

CONCLUSION: The expression of VEGF-C and CCR7 is
related to lymph node metastasis of gastric carcinoma and
both of them may become new targets for the treatment of
gastric carcinoma. Furthermore, the combined examination
of VEGF-C and CCR7 expression in endoscopic biopsy
specimens may be useful in predicting lymph node metastasis
of gastric carcinoma and deciding the extent of surgical lymph
node resection.
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INTRODUCTION
Lymph node metastasis is an important prognostic factor for
patients with gastric carcinoma[1-4]. In spite of this, the function
of intratumor lymphatic vessels in lymph node metastasis of
gastric carcinoma is unclear. Recently, the molecular pathway
that signals for lymphangiogenesis and relatively specific
markers for lymphatic endothelium have been described allowing
analyses of tumor lymphangiogenesis to be performed[5-8].
Many experimental studies indicated that lymphangiogenic
factors (VEGF-C and VEGF-D) could stimulate lymphangiogenesis
in tumors by binding to their receptors (VEGFR-3) on the
lymphatic endothelial cells and inducing proliferation and
growth of new lymphatic capillaries, then enhance the
incidence of lymph node metastasis in animal models[9-12]. A
recent study by Orlandini et al.[13] demonstrated that β-catenin
was a negative regulator of VEGF-D mRNA stability, therefore
VEGF-D expression might only be responsible for the nodal
metastatic behavior in tumors that have lost or reduced
expression of β-catenin. In addition, there was apparent
discrepancy of VEGF-D expression in tumors reported by
different authors[14-18]. Thus, here we only investigate the role
of VEGF-C in promoting lymph node metastasis in gastric
carcinoma.
     It has long been unclear as to why particular cancers
preferentially metastasize to certain sites. However, a recent
report by Muller et al.[19] provided evidence for preferential
homing of breast cancer to metastatic sites. The findings
indicated that the chemokine receptors CXCR4 and CCR7 were
found on breast cancer cells and their ligands were highly
expressed at sites associated with breast cancer metastases. In
addition, both CCL19 and CCL21 (chemokines, ligands of
CCR7) are highly expressed in lymph nodes, therefore the
migration of tumor cells positive for CCR7 towards lymph
nodes may share many similarities with leukocyte trafficking,
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which is critically regulated by chemokines and their receptors[20].
A recent study by Takanami et al.[20] has demonstrated that
CCR7 was related to the development of lymph node
metastasis in nonsmall cell lung cancers. Here, we aim to explore
the association of CCR7 expression with lymph node metastasis
in gastric carcinoma. Furthermore, activation of lymphatics
by VEGF-C may promote production of chemoattractants
such as CCL21 by lymphatic endothelial cells and thereby
facilitate tumor cell positive for CCR7 expression entry into
lymphatics[21], so the other aim of this study is to investigate
the value of the combined examination of VEGF-C and CCR7
expression in predicting lymph node metastasis of gastric
carcinoma.

MATERIALS AND METHODS

Patients and tumor samples
One hundred and eighteen patients, who had undergone
curative gastrectomy for gastric carcinoma between 2001 and
2002 in the Department of General Surgery, Ruijin Hospital
affiliated to Shanghai Second Medical University, Shanghai,
China, were enrolled in this study. All of the resected primary
tumors and regional lymph nodes were histologically examined
by hematoxylin and eosin staining according to the TNM
classification. Among these patients, 39 cases preoperatively
underwent MSCT examination by using the method previously
reported[22].

Immunohistochemical staining
Formalin-fixed and paraffin-embedded sections of tumor tissue
obtained from resected stomach were cut 4 µm thick, dewaxed
in xylene and rehydrated in graded alcohol, then immersed in
30 mL/L hydrogen peroxide in methanol for 30 min to inhibit
endogenous peroxidase activity. The sections were boiled in
EDTA (0.01 mol/L,, pH 8.0) for 20 min for antigen retrieval. After
being rinsed in phosphate-buffered saline (PBS), the sections
for CCR7 staining were treated sequentially with avidin and
biotin (Biotin blocking system) (Dako) to block the endogenous
biotin-like molecules. Then, all sections were incubated with
normal goat serum for 10 min for blocking nonspecific reaction.
The sections were then incubated with primary antibody at
37  in humid chambers for 1 h. The rabbit anti-human VEGF-
C ployclonal antibody (Zymed) was at a 1:100 dilution, and
the mouse anti-human CCR7 monoclonal antibody (BD
PharMingen) was at a 1:300 dilution. After washing 3 times
with PBS, the sections for CCR7 staining were then incubated
for 10 min at room temperature with biotinylated secondary
antibody (goat anti-mouse IgM) and streptavidin conjugated
to horseradish peroxidase, respectively, whereas the sections
for VEGF-C staining were reacted with EnVision plus (Dako)
for 30 min at room temperature. After being rinsed 3 times
with PBS, the sections were incubated with 3, 3’-
diaminobenzidine tetrahydrochloride (DAB) (Dako), then
rinsed with distilled water, counterstained with haematoxylin,
dehydrated with alcohol and xylene, and mounted routinely.
Negative controls were performed in all cases by omitting the
first antibody.

Evaluation of immunohistochemical staining
Two pathologists evaluated and interpreted the results of
immunohistochemical staining, without knowledge of the
clinical data of each patient. The immunohistochemical
expression of VEGF-C was defined as positive if distinct
staining was observed in at least 30% of tumor cells[23]. CCR7
expression in the cancer tissue was classified as positive if
more than 10% tumor cells were immunoreactive. Very faint
or equivocal immunoreaction was ignored.

Evaluation of lymph node status by MSCT
Two radiologists prospectively analyzed the CT images.
Lymph nodes were considered involved when the short-axis
diameter was more than 6 mm for the perigastric lymph nodes
and more than 8 mm for the extraperigastric lymph nodes[24].
The preoperative N staging obtained by MSCT was compared
with the pathological findings according to the TNM
classification (UICC).

Statistical analysis
Statistical analyses were performed using the χ2 test and ROC
analysis. P<0.05 was considered statistically significant. All
the statistical analyses were performed using SAS 6.04
software.

RESULTS

Expression of VEGF-C and CCR7 in gastric carcinoma and
adjacent normal mucosa
In adjacent normal gastric mucosa, no or faint cytoplasmic
staining of VEGF-C was seen in the parietal cells, but almost
all epitheial cells were negative. Moderate to strong staining
of VEGF-C protein was identified in the cytoplasm of
immunoreactive cancer cells (Figure 1). Furthermore, in a few
cases, some stromal cells were also positive for VEGF-C. The
percentage of patients positive for VEGF-C was 52.5%(62/118).
In adjacent normal gastric mucosa, no or very weak staining
of CCR7 was also found, whereas moderate to strong staining
of CCR7 was found mainly in cell membrane and/or cytoplasm
of immunoreactive cancer cells as well as a few lymphocytes
(Figure 2). The percentage of patients positive for CCR7 was
53.4%(63/118). Among these samples, there were 2 specimens
with 1 metastatic lymph node adjacent to the primary tumor. It
turned out that not only the primary tumors but also the
metastatic lymph nodes were positive for both VEGF-C and
CCR7 expression in both cases (Figures 3 and 4).

Association of VEGF-C and CCR7 expression with
clinicopathological features
The correlation between VEGF-C and CCR7 expression and
clinicopathological factors is summarized in Table 1. VEGF-
C expression was more frequently found in tumors with lymph
node metastasis than those without it (P<0.001). VEGF-C
expression was also closely related to lymphatic invasion
(P<0.001), vascular invasion (P<0.01), and TNM stage
(P<0.001). However, there was no significant correlation
between VEGF-C expression and age at surgery, gender, tumor
size, tumor location, Lauren classification, and depth of
invasion. The CCR7 expression was significantly higher in
patients with lymph node metastasis compared with those
without lymph node metastasis (P<0.001) and was also
associated with tumor size (P<0.01), depth of invasion (P<0.001),
lymphatic invasion (P<0.001), and TNM stage (P<0.001).
However, the presence of CCR7 had no correlation to age at
surgery, gender, tumor location, Lauren classification, and
vascular invasion.

Relationship between expression of VEGF-C and CCR7 and
lymph node metastasis of gastric carcinoma determined by
MSCT
As shown in Table 2, among the 39 patients who underwent
MSCT examination, CCR7 expression was related to lymph
node metastasis determined by MSCT (P<0.05), whereas there
was no significant correlation between VEGF-C expression
and lymph node metastasis determined by MSCT (Figures 5-
7). However, both VEGF-C and CCR7 expression were closely



related to lymph node metastasis determined by pathological
examination (P<0.01). In addition, the accuracy of MSCT in
determining the N stage was 69.2%(27/39) (Table 3). Findings
at MSCT were concordant with pathological findings in 15 of
20 N0 tumors (75.0%), 5 of 10 N1 tumors (50.0%), and 7 of 9
N2 tumors (77.8%), respectively. The sensitivity, specificity,
PPV, NPV, and accuracy of MSCT in predicting lymph node
metastasis were 84.2%(16/19), 75.0%(15/20), 76.2%(16/21),
83.3%(15/18), and 79.5%(31/39). However, the sensitivity,
specificity, PPV, NPV, and accuracy of VEGF-C and CCR7
expression in the diagnosis of lymph node metastasis for patients
with gastric carcinoma were 68.4%(13/19), 75.0%(15/20),
72.2%(13/18), 71.4%(15/21) and 71.8%(28/39), and 73.7%
(14/19), 75.0%(15/20), 73.7%(14/19), 75.0%(15/20) and
74.4%(29/39), respectively (Table 2).

Figure 1  Expression of VEGF-C was observed mainly in the
cytoplasm of gastric carcinoma cells (original magnification
×200). A: diffuse gastric carcinoma; B: intestinal gastric
carcinoma.

Figure 2  Expression of CCR7 was observed mainly in the cy-
toplasm and membrane of gastric carcinoma cells (original
magnification ×200). A: diffuse gastric carcinoma; B: intestinal
gastric carcinoma.

Figure 3  Expression of VEGF-C was observed mainly in gas-
tric carcinoma cells in metastatic lymph node (original magni-
fication ×400).

Figure 4  Expression of CCR7 was observed mainly in gastric
carcinoma cells in metastatic lymph node (original magnifica-
tion ×400).

Figure 5  CT scan shows a metastatic lymph node (confirmed
by pathologic examination) (arrow) 10 mm in short-axis
diameter, which is adjacent to the primary lesion of gastric
carcinoma (arrowhead).

Figure 6  The same patient as Figure 5, expression of CCR7
was observed in the cytoplasm and membrane of gastric carci-
noma cells (original magnification ×400).

Figure 7  The same patient as Figure 5, expression of VEGF-C
was observed in the cytoplasm of gastric carcinoma cells
(original magnification ×400).
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Table 1  Relationship between expression of VEGF-C and CCR7 and clinicopathologic parameters in patients with gastric carcinoma

Expression of VEGF-C     Expression of CCR7
  No. of patients P value P value

        Positive Negative Positive Negative

Age     NS*     NS
    <61 years 46 21       25      23       23
    61years 72 41       31      40       32
Gender     NS     NS
    Male 71 38       33      39       32
    Female 47 24       23      24       23
Tumor size     NS  <0.01
    <5 cm 53 23       30      21       32
    5 cm 65 39       26      42       23
Tumor location     NS     NS
    Lower third (L) 81 40       41      44       37
    Middle third (M) 21 12         9      11       10
    Upper third (U) 16 10         6        8                        8
Lauren classification     NS     NS
    Intestinal 53 24       29      25       28
    Diffuse 53 30       23      32       21
    Mixed 12   8         4        6                         6
Depth of invasion     NS  <0.001
    T1/2 24   9       15        5       19
    T3/4 94 53       41      58       36
Lymph node metastasis  <0.001  <0.001
    Positive 61 45       16      50       11
    Negative 57 17       40      13       44
Lymphatic invasion  <0.001  <0.001
    Positive 68 48       20      51       17
    Negative 50 14       36      12       38
Vascular invasion  <0.01     NS
    Positive 35 25       10      20       15
    Negative 83 37       46      43       40
Stage  <0.001  <0.001
    I, II 55 19       36      13       42
    III, IV 63 43       20      50       13

*NS, not significant.

Table 2  Correlation between expression of VEGF-C and CCR7 and lymph node metastasis determined by MSCT and pathological
examination

  Expression of VEGF-C     Expression of CCR7
  No. of patients P value P value

Positive Negative Positive Negative

Lymph node metastasis1    NS3   <0.05
Positive 21                             12                          9                                                   14                         7
Negative 18                               6                        12                                                     5                       13
Lymph node metastasis2  <0.01   <0.01
Positive 19                             13                          6                                                   14                         5
Negative 20                               5                        15                                                     5                       15

1Lymph node metastasis determined by MSCT; 2Lymph node metastasis determined by pathological examination; 3NS, not
significant.

Table 3  Comparison of MSCT and pathological diagnosis of N stage

     N stage determined by MSCT
Pathologic N stage    No. of patients

N0 N1 N2

N0 20 151  2  3
N1 10   2  51  3
N2   9   1  1  71

1MSCT findings were concordant with pathological findings.

Table 4  Relationship between expression of VEGF-C and CCR7 after the subdivision and lymph node metastasis

   Expression of VEGF-C and CCR7
Lymph node metastasis  No. of patients

CCR7(+) and CCR7(+) and CCR7(-) and CCR7(-) and
  VEGF-C(+)   VEGF-C(-)  VEGF-C(+)   VEGF-C(-)

Positive 61                                  41                                     9                                       4                                         7
Negative 57                                    7                                     6                                     10                                       34
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Value of the combined examination of VEGF-C and CCR7
expression in predicting lymph node metastasis
As shown in Table 1, in the current retrospective study, the
sensitivity, specificity, PPV, NPV, and accuracy of VEGF-C
and CCR7 expression in the diagnosis of lymph node metastasis
for patients with gastric carcinoma were 73.8%(45/61),
70.2%(40/57), 72.6%(45/62), 71.4%(40/56) and 72.0%(85/118),
and 82.0%(50/61), 77.2%(44/57), 79.4% (50/63), 80.0%(44/55)
and 79.7%(94/118), respectively. To further investigate the
value of the combined examination of VEGF-C and CCR7
expression in predicting lymph node metastasis, we divided
patients into four groups: group A, CCR7(+) and VEGF-C(+);
group B, CCR7(+) and VEGF-C(-); group C, CCR7(-) and
VEGF-C(+); group D, CCR7(-) and VEGF-C(-). In groups A,
B, C, and D, the percentage of patients with lymph node
metastasis was 85.4%(41/48), 60.0%(9/15), 28.6%(4/14), and
17.1%(7/41), respectively (Table 4). In addition, ROC analysis
showed that the accuracy of the combined examination of
VEGF-C and CCR7 expression in predicting lymph node
metastasis was relatively high (area under ROC curve [Az]= 0.83)
(Figure 8). When the patients with positive expression of both
VEGF-C and CCR7 were regarded as those with lymph node
metastasis, the PPV in the diagnosis of lymph node metastasis
reached to 85.4%(41/48). In addition, when the patients with
negative expression of both VEGF-C and CCR7 were regarded
as those without lymph node metastasis, the NPV reached to
82.9% (34/41).

Figure 8  ROC curve generated from the combination of VEGF-
C and CCR7 expression shows area under curve to be 0.83.

DISCUSSION
Tumor cells can disseminate within the body by a number of
mechanisms, such as direct invasion of surrounding tissues,
lymphatic spread and hematogenous spread. The role of
angiogenesis involving blood vessels in facilitating the growth
and hematogenic spread of solid tumors has been well
established. The ability of tumor cells to induce angiogenesis
is considered a prerequisite for tumor growth, invasion, and
successful metastasis, and the angiogenic switch is recognized
as one of the key events in tumorigenesis[25-30]. In contrast,
studies of the lymphatic system have been hindered by the
lack of specific markers for tumor-associated lymphatic vessels
and growth factors that control lymphatic development and
lymphatic vessel growth (lymphangiogenesis), although the
importance of the lymphatic system as a pathway for lymph
node metastasis has been well recognized. In the past few years,
with the identification of proteins such as hyaluronan receptor
LYVE-1[31], prox-1[7], podoplanin[32], and desmoplakin[33]

specifically expressed on lymphatic vessels and the discovery
of molecules (VEGF-C and VEGF-D) that can drive lymphatic
vessel growth, occurrence of tumor lymphaniogenesis and its
correlation with lymph node metastasis has been proved in
animal models and clinicopathological studies.

      Nine recently reported animal studies have provided the
first direct in vivo evidence that tumours are able not only to
induce lymphangiogenesis but also to enhance lymph node
metastasis[8-12,34-37]. Yanai et al[37] constructed a VEGF-C
transfectant (AZ-VEGF-C) from the AZ521 human gastric
carcinoma cell line, which ordinarily shows little nodal
metastatic potential and little VEGF-C expression. They
orthotopically implanted transfected tumor cells into the
stomachs of nude mice. The number of mice developing lymph
node metastases and the number of lymph node metastases
per mouse with nodal metastases were higher than with
implants of mock-transfected control cells. In addition, the
number of vessels stained for VEGFR-3 in tumors and
surrounding tissues was higher for AZ-VEGF-C than for
controls. Furthermore, recent studies in human head and neck
cancer[38,39] and melanoma[40] have demonstrated the existence
of proliferating intratumoral lymphatic vessels. Clinical
studies using the RT-PCR, in situ hybridization, and/or
immunohistochemistry have revealed significant associations
between lymph node metastasis and VEGF-C or VEGF-D
expression in human primary tumors of the breast, colon,
rectum, prostate, testis, esophagus, stomach, thyroid, lung,
pleura, head-and-neck squamous cells, uterine cervix, and
endometrium[41]. Because of the reasons above-mentioned, we
only investigated the VEGF-C expression in gastric carcinoma.
      The findings of the current study demonstrated a positive
correlation of VEGF-C expression with both lymph node
metastasis and lymphatic invasion in gastric carcinoma. Our
results were consistent with those of previous reports[23,42-47]. A
study by Yanai et al[37] indicated that VEGF-C was a specific
lymphangiogenic growth factor with an important role in lymph
node metastasis of gastric carcinoma in an animal model. In
addition, the studies by Yonemura et al[42,43] showed that VEGF-
C mRNA level was closely related to VEGFR-3 mRNA level
and the number of VEGFR-3-positive lymphatic vessels in
human gastric carcinoma. Thus, VEGF-C may stimulate
lymphangiogenesis in gastric carcinoma by binding to their
receptors (VEGFR-3) on the lymphatic endothelial cells and
inducing proliferation and growth of new lymphatic capillaries,
then enhance the incidence of lymph node metastasis in gastric
carcinoma. However, our present study showed that VEGF-C
expression was closely related to lymph node metastasis
determined by pathological examination, but not by MSCT
examination, although the accuracy of MSCT in the diagnosis
of the lymph node metastasis for 39 patients with gastric
carcinoma reached to 79.5%. Nevertheless, Hashimoto et al[48]

demonstrated that VEGF-C mRNA expression was correlated
with lymph node metastasis diagnosed by magnetic resonance
(MR) imaging in cervical cancer. So further study must be
made. Furthermore, our present study showed that the VEGF-
C expression was correlated with vascular invasion in gastric
carcinoma. Other investigators[42,45] also found a positive
correlation between VEGF-C expression and vascular invasion
in gastric carcinoma. In addition, a study by Amioka et al.[23]

showed that VEGF-C expression in tumor cells was closely
related to the microvessel density (MVD) in gastric carcinoma.
As we all know, VEGF-C is a ligand for VEGFR-2 and VEGFR-
3. VEGFR-2 is mainly expressed on vascular endothelial cells.
However, VEGF-C displays greater affinity for VEGFR-3 than
VEGFR-2, and only the mature 21-kDa form of VEGF-C can
bind to VEGFR-2[36]. As a result, VEGF-C may also be
correlated with angiogenesis in gastric carcinoma, but the
activity of tumor angiogenesis by VEGF-C may be weak.
Further study is needed to investigate the biological effect of
VEGF-C on angiogenesis in gastric carcinoma.
      Chemokines are chemoattractant cytokines that bind to
specific G-protein-coupled receptors on target cells; these target
cells follow chemokine concentration gradients into selected
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tissues. Through their interactions with target cells, these small
proteins induce cytoskeletal rearrangement and directional
migration. Chemokines are involved in physiologic and
pathologic regulation of leukocyte trafficking[41]. Recent studies
showed that chemokine receptor CCR7 was expressed in the tumor
cells of breast cancer[19], nonsmall cell lung cancer[20], esophageal
squmous cell carcinoma[49], and gastric carcinoma[50]. In
addition, both CCL21 and CCL19 (chemokines, liagands of
CCR7) show most abundant expression in lymph nodes.
CCL21 is expressed in the high endothelial venules of lymph
nodes and in the T-cell zone of lymph nodes. CCL19 is
expressed predominantly by stromal cells within the T-cell
zones of lymph nodes[19]. Previous studies showed that
lymphatic endothelial cells also produced CCL21[51, 52]. In
vitro experiments showed that actin polymerization and
pseudopodia formation, which were needed for the invasion
of malignant cells into tissues and for efficient metastasis,
could be induced by CCL21 and CCL19 in tumor cells with
CCR7 expression[19,49,50]. Thus, the migration of tumor cells
positive for CCR7 towards lymph nodes may share many
similarities with leukocyte trafficking. In addition, CCR7 may
help retain tumor cells in the lymph nodes where the CCR7
ligands are rich.
       Wiley et al.[53] examined the role of CCR7 in regional lymph
node metastasis in a murine melanoma model. They transduced
a murine melanoma cell line, B16, with CCR7 and, surprisingly,
transduction with this single gene was sufficient to substantially
increase the metastasis to draining lymph nodes of B16 cells,
which otherwise have a low propensity to spread, and metastasis
was completely blocked by adding neutralizing anti-CCL21
antibodies. In the model used by Wiley et al., transduced cells
were injected subcutaneously, thus mimicking lymphgenic
metastasis of melanoma cells from the skin. Of interest,
intravenous application of CCR7-transduced B16 melanoma
cells did not show increased spread of the tumor cells to lung
or peripheral lymph nodes. In clinicopathologic studies, a
positive correlation of CCR7 expression with lymphatic
invasion and lymph node metastasis has been found in nonsmall
cell lung cancer[20], esophageal squmous cell carcinoma[49], and
gastric carcinoma[50]. Here we investigate the role of chemokine
receptor CCR7 in directional migration of gastric carcinoma
cells towards lymph nodes.
     The findings of the current study demonstrated that the
CCR7 expression in the cytoplasm and / or member of gastric
carcinoma cells was closely correlated with lymphatic invasion,
lymph node metastasis, and TNM stage, but was not correlated
with vascular invasion. Our findings were consistent with those
reported by Mashino et al[50]. In addition, the study by Mashino
et al[50] showed that CCR7 expression was closely related to
histological classification, whereas the current study showed
that there was no significant correlation between CCR7
expression and Lauren classification. The main reason for this
discrepancy was that there was no significant correlation
between Lauren classification and lymph node metastasis
among the 118 patients, although the incidence of lymph node
metastasis in diffuse gastric carcinoma (50.9%) was higher
than that in intestinal gastric carcinoma (45.3%). Furthermore,
the current study showed that the CCR7 expression was closely
correlated with lymph node metastasis determined not only
by pathological examination but also by MSCT examination.
    Many factors affect prognosis in patients with gastric
carcinoma, including tumor size, lymph node metastasis, depth
of tumor invasion, distant metastasis, histological classification,
and surgery performed. Of these, lymph node metastasis is
one of the most important factors. Therefore, preoperative
evaluation of lymph node status is essential. With the
development of endoscopic or laparoscopic resection of small,
localized gastric carcinoma, the pretherapeutic evaluation of

lymph node metastasis has become more important. For
preoperative N staging, endoscopic ultrasonography (EUS),
CT, and MR imaging have been used[4,54-58]. However, the
paraaortal and celiacal regions are often beyond the scope of
the EUS[55], and comparative studies demonstrated that the
accuracy of CT in N staging was higher than that of MR
imaging[57,58]. Therefore, among these three methods, CT may
be superior to EUS and MR imaging in predicting lymph node
status for patients with gastric carcinoma. In the current study,
the accuracy of MSCT in N staging was 69.2%. Notably, the
accuracy of MSCT in predicting lymph node metastasis reached
to 79.5%, and the sensitivity and specificity was 84.2% and 75.0%,
respectively. However, although spiral CT could detect lymph
nodes small than 5 mm and the sensitivity for detecting
metastasis-positive nodes was remarkably higher than that for
detecting metastasis-negative nodes[59], both overstaging and
downstaging still existed because lymph node size was not a
reliable indicator for lymph node metastasis of gastric carcinoma[60].
Furthermore, Maruyama computer program can also be used to
predict lymph node metastasis for patients with gastric
carcinoma. Analysis of eight prognostic parameters such as
gender, age, macroscopic type, location, position, diameter,
histological classification, and depth of invasion using this
computer program can gain the information on the expected
frequency of metastasis in the 16 lymph node stations of each
patient with gastric carcinoma[61, 62]. However, to date, the
prospective study for evaluating the accuracy of this computer
program has not been reported. Two retrospective studies[61,62]

showed that the accuracy of Maruyama computer program in
predicting lymph node metastasis was relatively high, but the
specificity was too low. In addition, only clinicopatologic
parameters were included in this computer program, whereas
the molecular biologic features of gastric carcinoma were
neglected.
       Recently, a study using the microarray technology showed
that lymph node metastasis of gastric carcinoma could be
precisely predicted from the view of molecular biologic
features. In this study, investigators developed an equation to
achieve a scoring parameter for the prediction of lymph node
metastasis on the basis of 12 genes with statistically significant
differences in expression between node-positive and node-
negative tumors. In the prospective study, the lymph node status
of all nine test cases was correctly predicted[63]. In the current
retrospective study, the sensitivity, specificity, PPV, NPV, and
accuracy of VEGF-C and CCR7 expression in the diagnosis
of lymph node metastasis for patients with gastric carcinoma
were 73.8%, 70.2%, 72.6%, 71.4% and 72.0%, and 82.0%,
77.2%, 79.4%, 80.0% and 79.7%, respectively. Especially when
the combined examination of VEGF-C and CCR7 expression
was performed, the PPV and NPV reached to 85.4% and
82.9%, respectively. However, the PPV and NPV of MSCT in
predicting lymph node metastasis was only 76.2% and 83.3%,
respectively, among 39 patients. In addition, successful lymph
node metastasis requires a complex series of related steps, such
as detachment of cancer cells, invasion into the lymphatic
vessels, transfer within the lymphatic vessels, embedding in
the lymph nodes and proliferation in the lymph nodes.
Therefore, lymphangiogenesis and directional migration of
gastric carcinoma cells towards lymph nodes may only be two
main steps involved in lymph node metastasis. Thus, we
hypothesize that an equation established on the basis of many
factors involved in the metastasis-associated steps can predict
the lymph node status for patients with gastric carcinoma more
accurately, especially when it is combined with Maruyama
computer program and MSCT.
     In conclusion, the current study demonstrates that
expression of VEGF-C and CCR7 is related to lymph node
metastasis of gastric carcinoma and both of them may become
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new targets for the treatment of gastric carcinoma. Furthermore,
the combined examination of VEGF-C and CCR7 expression
in endoscopic biopsy specimens may be useful in predicting
lymph node metastasis of gastric carcinoma and deciding the
extent of surgical lymph node resection.
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