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• GASTRIC CANCER •
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Abstract
AIM: To investigate the relationship between the expression
of vascular cell adhesion molecule-1 (VCAM-1) and oncogenesis,
tumor angiogenesis and metastasis in gastric carcinoma,
and to evaluate the clinical significance of serum VCAM-1
levels in gastric cancer.

METHODS: Specimens from 41 patients with gastric
cancer, 8 patients with benign gastric ulcer, and 10 healthy
subjects were detected for the expression of VCAM-1 by
immunohistochemistry. Microvessel density (MVD) was
measured by counting the endothelial cells immunostained
with the monoclonal antibody CD34 at x200 magnification.
Serum VCAM-1 concentrations were measured by an
enzyme linked immunosorbent assay in the 41 gastric
cancer patients before surgery, and at 7 days after surgery
as well as in 25 healthy controls. The association between
preoperative serum VCAM-1 levels and clinicopathological
features, and their changes following surgery was
evaluated. In addition, serum carcinoembryonic antigen
(CEA) was also examined.

RESULTS: Of the 41 gastric cancer tissues, 31 (75.6 %)
were VCAM-1 positive. The VCAM-1 positive gastric cancers
were more invasive and classified in the more advanced
stage than the VCAM-1 negative ones. The VCAM-1 positive
cancers were associated with more lymph node metastases
than VCAM-1-negative ones (P<0.05). The expression of
VCAM-1 was detected in tissues of two of the eight patients
with gastric ulcer and two of the 10 healthy controls. The
expression of VCAM-1 in gastric cancer patients was
significantly more frequent than that in the healthy controls
and ulcer group (both P<0.05). MVD in VCAM-1 expressing
tissues was higher than that in VCAM-1 negative tissues
(t=2.13,P<0.05). Serum VCAM-1 levels in gastric cancer
patients were significantly higher than those in controls
(t=3.4, P<0.05). There was a significant association between
serum VCAM-1 levels and disease stage, as well as invasion
depth of the tumor and the presence of distant metastases.
The concentrations of serum CEA in gastric cancer were
higher than normal controls. Both serum VCAM-1 and CEA
levels decreased significantly after radical resection of the
primary tumor (P<0.05). Furthermore, the serum levels of
VCAM-1 were positively correlated with the expression of
VCAM-1 in the tumor tissue (r=0.85, P<0.05).

CONCLUSION: The expression of VCAM-1 is closely related
to oncogenesis, tumor angiogenesis and metastasis in gastric
carcinoma. Serum VCAM-1 level in gastric cancer patients is
significantly increased compared with normal controls, which
decreases significantly after radical resection of the primary
tumor. The serum concentration of VCAM-1 may be
considered as an effective marker of tumor burden of gastric
cancer. Moreover, overexpression of VCAM-1 in gastric cancer
tissue is likely a major source of serum VCAM-1.
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INTRODUCTION
Solid tumors are composed of two distinct but interdependent
compartments, malignant cells themselves and the vascular
and connective tissue stroma induced by malignant cells where
malignant cells are dispersed. Stroma provides the vascular
supply that tumors require for obtaining nutrients, gas
exchange, and waste disposal. Thus, any increase in tumor
mass, either primary or metastatic, must be accompanied by
angiogenesis formation[1,2]. The mechanism by which tumors
induce stroma has caused considerable attention in recent years.
Emphasis is increasingly placed on tumor angiogenesis. Tumor
angiogenesis has been linked to tumor progression and
metastasis. Many reports have suggested that cell adhesion
molecules (CAM) not only play key roles in various stages of
tumor angiogenesis, but also are involved in tumor progression
and metastasis[3-5].
     CAMs are cell-surface glycoproteins which are critical for
cell- to-cell interactions. Intercellular adhesion mediated by
CAMs directly influences differentiation, and disruption of
normal cell-cell contacts has been noted in neoplastic
transformation and in metastasis. CAMs expressed on
lymphocytes and vascular endothelial cells are thought to play
an important role in lymphocyte trafficking for immune anti-
infection response. There is evidence that vascular cell adhesion
molecule-1 (VCAM-1) may be involved in tumor progression
and metastasis[5,6].
     VCAM-1 belongs to the immunoglobulin super family
group of adhesion molecules, and is one of the most important
adhesion molecules which plays a crucial role in this process.
VCAM-1 is an 110 KDa glycoprotein that is constitutively
expressed on tissue macrophage, dentric cells and epithelial
cells, as well as on the surface of stimulated endothelial cells.
Thus, VCAM-1 is a widely distributed protein. It is possible
that VCAM-1 is a candidate for mediating tumor cell adhesion
to vascular endothelial cells and promoting the metastatic
process. Recent reports have shown that angiogenesis favors
tumor growth and facilitates entry of cells into the circulation[7,8].
     It has recently been reported that the microvessel density
(MVD) in a tumor correlates with tumor progression,
hematogenous metastasis and recurrence of gastric carcinoma.
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MVD also reflects tumor angiogenesis[2-4,9]. In the present study,
the expression of VCAM-1 and the density of microvessels
were examined by immunohistochemistry in patients with
gastric cancer. The association between the expression of
VCAM-1 and oncogenesis, tumor angiogenesis and metastasis
of gastric carcinoma was evaluated. Meanwhile we also
detected the concentration of soluble forms of VCAM-1 and
serum levels of carcinoembryonic antigen (CEA) in patients
with gastric cancer and investigated its relation to clinical and
pathological features.

MATERIALS AND METHODS

Patients
A total of 41 patients with histologically confirmed gastric
cancer who had undergone curative gastrectomy at our
department from March 1999 to March 2000 were included in
this study. They consisted of 26 male and 15 female patients
ranging in age from 35 to 74 years (mean, 58.4 years). The
clinicopathologic findings were determined according to the
principles set by the Japaneese Society Committee on
Histologial Classifiation of Gastric Cancer. Of the 41 patients,
28 had lymph node metastasis. The patients had not received
either chemotherapy or radiation therapy before operation. A
tumor sample and a normal part of the stomach were obtained
during surgical resection. The samples were each divided into
two pieces, which were subjected to fixation in 10 % formalin
for histological examination and immunohistological test. All
patients had been performed distal partial gastrectomy,
proximal partial gastrectomy, or total gastrectomy with regional
lymph node dissection to group 1(D1), group 2(D2), group 3
(D3) with a curative intention. Gastric specimens from eight
patients with gastric ulcer and 10 patients with normal gastric
tissues were obtained by fiber gastroscope.
   Both the expression of VCAM-1 and the density of
microvessels were examined by immunohistochemical
staining. Meanwhile, blood samples from the 41 gastric cancer
patients were obtained before any treatment and at 7 days after
surgery. There were no infections in all these patients.
Additionally, blood samples were also obtained from 25
healthy subjects as controls. The mean age of these subjects
was 39.1 years (age range 20-55 years), with a ratio of male to
female of 12:8.

Immunohistochemistry
Specimens were fixed in a 40 g·L-1 formaldehyde solution and
embedded in paraffin. Four-micrometer thick sections were
cut and mounted on glass slides. Immunohistochemistry was
performed using the avidin-biotin complex (ABC) method.
Sections were dewaxed in xylene, dehydrated in ethanol,
washed by phosphate-buffered saline solution (PBS, pH=7.4)
and then heated in a microwave oven for 10 minutes to retrieve
the antigens. Endogenous peroxidase activity was blocked by
incubation of samples with 3 % hydrogen peroxide in methanol
for 30 minutes. After being washed with PBS, 50 µl 10 %
normal goat serum was added to glass slides for 10 minutes to
reduce nonspecific antibody binding. Specimens were then
incubated with a 1:250 dilution of anti-VCAM-1 antibody
overnight at 4 , followed by three washes with PBS. Sections
were then incubated with biotinylated goat antimouse
immunoglobulin G (Nanjing Sangon Biotechnology Co.) at a
dilution of 1:50 for 2 hours followed by three washes. Slides
were then treated with the complex of reagent A and reagent
B (ABC kit, Nanjing Sangon Biotechnology Co.) for 2 hours
at a dilution of 1:50 and were washed with PBS three times.
Finally,  slides were incubated in PBS containing
diaminobenzidine and 300 mL·L-1 hydrogen peroxide for 10

minutes. Normal mouse immunoglobulin-G was substituted
for primary antibody as the negative control. Immunoreactivity
was graded as follows: +, more than 10 % of carcinoma cells
were stained; -, no detectable expression or fewer than 10 %
of carcinoma cells were stained.

Microvessel detection and counting
A detection procedure for microvessels was performed using
anti-CD34 monoclonal ant ibody (Nanjing Sangon
Biotechnology Co.). Envision-labeled polymer reagent was
applied for immunoreaction. A single microvessel was
defined as any brown immunostained endothelial cells, and
other connective tissue elements. The stained sections were
screened at ×100 magnification under a light microscope
to identify the five regions of the section with the highest
number of microvessels. The image was visualized on a
computer display through a color video camera module and
color image freezer. Microvessels were counted in this area
at ×200 magnification, and the average number of
microvessels in these five regions was recorded, and defined
as MVD. The visualized area on the display was determined
to be 0.075 mm2.

Assay of soluble VCAM-1
For assay of soluble adhesion molecules venous blood samples.
were collected into plain tubes, allowed to clot for up to 1
hour and centrifuged at 5 000 g for 5 min. The serum was
removed, aliquoted and stored at -70  until assayed.
Concenrations of soluble VCAM-1were measured with
commercially available sandwich ELISA kits based on dual
monoclonal antibodies. CEA test, a routine test in our
department, was also performed.

Statistical analysis
The data were presented as x±s. Differences in categorical
variables between groups were determined by chi-square test,
and differences in enumeration data between groups were
determined by t test or by analysis of variance. Correlations
between the levels of soluble adhesion molecules and the
clinical and pathological variables were determined by
Spearman rank correlation method.

RESULTS

Expression of VCAM-1 in gastric cancer, gastric ulcer and
normal gastric tissue
VCAM-1 was positively stained in the cytoplasm or the
membrane of vascular endothelial cells in brown or yellow in
gastric cancer tissue. VCAM-1 was expressed not only in
vascular endothelial cells, but also in the majority of gastric
cancer cells. Generally, VCAM-1 expression was intense
throughout the tumor, especially in keratin pearl of gastric
cancer. VCAM-1positive vessels were preferentially found in
vascular-rich tumor areas. VCAM-1 expression was present
in 31 (75.6 %) out of 41gastric cancer tissues and in 5 (12.2 %)
adjacent normal gastric tissue. The rate of expression of
VCAM-1 in gastric caner tissue was significantly higher than
that in adjacent normal gastric tissue (χ2=52.1, P<0.05).
     VCAM-1 expression was present in 25 % (2/8) of gastric
ulcer tissue, and in 20 % (2/10) of healthy subjects (χ2=0.1,P>
0.05). However, The rate of VCAM-1 expression in gastric
cancer was remarkably higher than that in gastric ulcer and
healthy subjects (both P<0.05).
     CD34 was positively stained mainly in the cytoplasm of
vascular endothelial cells as brown or yellow granules. MVD
ranged from 21.5 to 71.2, with a mean value of 30.2 in gastric
cancer tissues, and  ranged from 2 to 14, with a mean value of



11.5 in normal gastric tissues. MVD in tumor tissue was
significantly higher than that in normal tissues (t=3.1, P<0.05).

Association of the expressions of VCAM-1 and MVD with
pathological features of gastric carcinoma
As shown in Table 1, VCAM-1 expression was present in 26
(92.9 %) of the 28 gastric cancer patients with lymph node
metastasis, but in only 5 (34.5 %) of the 13 gastric cancer
patients without lymph node metastasis. The rate of VCAM-1
in patients with lymph node metastasis was significantly higher
than that in patients without lymph node metastasis (χ2=11.4,
P<0.05). Meanwhile VCAM-1 expression in the gastric cancer
patients was also associated with clinicopathological stage and
depth of infiltration (both P<0.05).
     Furthermore, microvessel count in patients with gastric
cancer was related to clinicopathological stage, depth of
infiltration and lymph node metastasis (all P<0.05,). The rate
of expression of VCAM-1 and MVD in gastric carcinoma tissue
had no significant differences among the size, location, age
and gender (data not shown).

Table 1  Association of expressions of VCAM-1 and MVD with
pathological features of gastric carcinoma

Pathological chacteristics      n  Positive VCAM-1(%) MVD(x+s)

Size of tumor
    <3 cm     10   6  37.1±12.1
      3 cm     31 25  39.5±12.7
Location
    Lower third     10   7  39.4±7.3
    Middle third     20 17  36.2±11.3
    Upper third     11   7  41.4±13.3
Depth of invasion
    Mucosa and submucosa    11   5  28.4±8.1
    Muscle and subserosa     12   9  36.9±10.7
    Serosa     18 17a  49.6±15.1b

Clinicopathologic stage
     I       7   3  29.3±3.54
    II     12   7  33.9±9.3
    III     16 15  46.3±10.3
    IV       6   6c  55.4±8.1d

Lymph node metastasis
    Present     28 26     45±9.8
    Absent     13   5e  28.5±5.5f

MVD and expression of VCAM-1 had no significant difference
in the size, location. The rate of positive VCAM-1 expression
and MVD were positively correlated with depth of invasion
(aP<0.05, bP<0.05 respectively). There was a significant differ-
ence between the rate of positive VCAM-1 expression, MVD
and clinic pathological stage (cP<0.05, dP<0.05). The rate of posi-
tive VCAM-1 expression and MVD were significantly higher
than that in those without lymph node metastasis (eP<0.05,
fP<0.05 respectively).

Correlation between expression of VCAM-1 and MVD
MVD was 46.5±11.3 in VCAM-1 positive tissue in gastric
cancer, while it was 31.2±8.4 in negative VCAM-1 tissue.
MVD in VCAM-1-positive tumors was significantly higher
than that in VCAM-1-negative tumors (t=2.13, P<0.05).

Association of soluble VCAM-1 with gastric cancer
In gastric cancer patients, soluble VCAM-1 was significantly
elevated in comparison with that in healthy subjects (878±46
µg/lm vs 297±35 µg/ml, P<0.05, Table 2). The difference in
serum concentration of soluble VCAM-1 was also significant

between patients with stage I-II and those with stage III-IV
gastric cancer, indicating that soluble VCAM-1 concentration
correlated well with the staging of gastric cancer. No significant
difference was found between ulcer group and controls
(P>0.05). Concentrations of serum CEA in gastric cancer
patients were higher than those in control group and ulcer group
(both P<0.05). But no significant difference was found between
stage I-II and stage III-IV gastric cancer.

Table 2  Soluble levels of VCAM-1, CEA in gastric cancer
patients, ulcer patients and control group

 n Soluble VCAM-1(µg/ml) (x±s)       CEA

Gastric cancer 41       878±46a     4.7±0.43
I-II 17       764±24b     4.1±0.23
III-IV 24     1006±78c     4.9±0.31
Ulcer   8       301±21     4.5±0.41
Control 25       297±35     2.3±0.28

aP<0.05, bP<0.05, cP<0.05, (vs control group).

    The concentration of soluble VCAM-1 was higher in the
patients with lymph node metastasis than that in those without
lymph node metastasis (P<0.05). Positive correlation was
found between concentration of soluble VCAM-1 and depth
of invasion of gastric cancer. In contrast, no significant
association was found between concentration of soluble
VCAM-1 and location, size, age and gender (data not shown).
    Levels of postoperative soluble VCAM-1 in gastric cancer
patients were reduced significantly compared to preoperative
levels (578±39 µg/lm vs 878±46 µg/ml, P<0.05, Table 3). It
was noteworthy that concentration of soluble VCAM-1 was
positively correlated with expression of VCAM-1 in the tumor
tissue (r=0.85, P<0.05). The level of serum CEA was also
decreased significantly after radical resection of the primary
tumor (P<0.05).

Table 3  Concentrations of soluble VCAM-1 and CEA at pre-
operative and postoperative stages

x±s (ng/L)     P

sVCAM-1
preoperative    878±46
postoperative    578±39 0.0001
CEA
preoperative   10.3±18.4
postoperative     6.3±11.5 0.0031

Serum VCAM-1 and CEA levels decreased significantly after
radical resection of the primary tumor (P<0.05).

DISCUSSION
Gastric carcinoma, as one of the most common human
malignant tumors, ranks worldwide the first leading cause of
gastrointestinal cancer-related mortality. In China, it now ranks
the second among all malignant tumors. Recent important
advance in oncology is the finding that tumor angiogenesis
plays an important role in tumor genesis, growth and metastasis,
and an increasing number of studies have proven that vascular
targeting therapy is very effective[9-11]. Many factors are involved
in tumor angiogenesis, one of the most important factors is
VCAM-1, Which is capable of promoting and maintaining the
establishment of tumor vascular system[12]. Thus it can directly
stimulate tumor growth and metastasis. Generation of new
blood vessels, or angiogenesis, plays a key role in the growth
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of malignant disease and has drawn great interest in developing
agents that inhibit angiogenesis. Angiogenesis is characterized
by invasion, migration, and proliferation of endothelial cells,
processes that depend on cell interactions with extracellular
matrix components[12-14]. Our current study has shown VCAM-
1 is a key player by providing a vasculature-specific target for
antiangiogenic treatment strategies.

Expression of VCAM-1 may facilitate oncogenesis
Recent advances in molecular biology and genetic technology
studies on adhesion molecules have demonstrated that cell-
cell and cell-extracellular matrix interactions play an important
role in cancer metastasis. In addition to activation of oncogenes
and inactivation of tumor suppressor genes, alteration of
adhesion molecules seems to be critical for the development
of gastric cancer[15]. Tumour development is a multi-step
process during which genetic and epigenetic events determine
the transition from a normal to a malignant cellular state. In
the past decade, extensive effort has been made not only to
define the molecular mechanisms underlying progression to
malignancy but also to predict the development of the disease
and to identify possible molecular targets for therapy. Common
to most tumours, several regulatory circuits are altered during
multistage tumour progression of gastric cancer, which includes
control of proliferation, balance between cell survival and
programmed cell death (apoptosis), communication with
neighbouring cells and extracellular matrix, induction of
tumour neovascularization (angiogenesis) and tumour cell
migration, invasion and metastatic dissemination. De-
regulation of each of these processes represents a rate-limiting
step for tumour development and, hence, has to be achieved
by tumour cells in a highly selective manner during tumour
progression. In this complex process, more attention has been
placed on adhesion molecules, because adhesion molecules
are necessary to mediate cell-matrix and cell-cell interactions,
metabolism, and differentiation. Moreever, adhesive
interactions between tumor cell surface receptors and
endothelial cell adhesion molecules are thought to contribute
to tumor cell arrest and extravasation during hematogenous
metastasis[14-17]. Changes in expression and function of adhesion
molecules are important characteristics in the development of
gastrointestinal malignancies and might be used in future as
prognostic factors or as new targets in diagnosis and therapy.
VCAM-1, one of the adhesion molecules involved in malignant
tumor, is found to be expressed mainly in activated endothelial
cells, and dentric cells.
    Maurer et al. confirmed that VCAM-1 protein was over-
expressed in colorectal cancers at the mRNA level by Northern
blotting, In comparison to normal controls, the expression of
VCAM-1 mRNA was increased by 3.4 fold in colorectal
cancers. Our study found that the expression of VCAM-1 in
gastric tumor tissue was higher than that in adjacent-cancer
tissue, and the ratio of positive VCAM-1 in gastric cancer tissue
was higher than that in gastric ulcer and normal mucosa,
suggesting that VCAM-1 may play a key role in the growth of
gastric cancer.
     However, we noteed that VCAM-1 expression was positive
in one healthy subject, and in two patients with gastric ulcer,
indicating that there are other factors involved in the expression
of VCAM-1. Some studies believed that Helicobacter pylori
infection of gastric mucosa was one of the causes responsible
for VCAM-1 expression[18,19].

VCAM-1 expression stimulates tumor angiogenesis
Angiogenesis is of key importance in the process of tumour
progression in a number of tumour types. Angiogenesis is a
biological process by which new capillaries are formed from

pre-existing vessels. It occurs in physiological conditions such
as embryo development, and cyclically in wound repair of
female genital system, and during pathological conditions, such
as arthritis, diabetic retinopathy and tumors. In the both
physiological conditions, angiogenesis is mediated accurately
by feedback system. However, in solid tumor growth, a specific
ally critical turning point is the transition from the vascular to
the vascular phase. Having developed an intrinsic vascular
network, the neoplastic mass is able to grow indefinitely (unlike
other forms of cell growth, tumor angiogenesis is not limited
in time) both in situ and at distant sites (metastasis). Thus,
tumor angiogenesis cannot be controlled by feedback.
Angiogenesis is capable of providing continuous nutrients, gas
exchange, and waste disposal for tumors growth. Any increase
in tumor mass, either primary or metastatic, must be
accompanied by vascular formation. Therefore, tumor
angiogenesis is a very complex process. At present, an
increasing number of studies have shown that abnormal
adhesion molecules contribute to tumor angiogenesis by
stimulating neoplastic cells to produce growth factors specific
for endothelial cells and able to stimulate growth of the host’s
blood vessels[6,8,13,15]. Recent studies have demonstrated that
VCAM-1 may contribute to tumor angiogenesis. MVD, a
reliable index of tumor angiogenesis, has been confirmed to
be linked to tumor progression, hematogenous metastasis, and
tumor recurrence.
     Our study indicated that MVD of gastric cancer tissues with
VCAM-1 expression was significantly higher than that in
tissues negative for VCAM-1, suggesting that VCAM-1
expression may be one of the factors mediating the activation
of angiogenesis. Several reports have observed that gastric
cancer cells are capable of activating vessel endothelial cells,
which leads to expression of VCAM-1, and thus the induction
of tumour neovascularization. Maeds et al. proposed that
VCAM-1 binding to its ligand VLA4 not only results in
activation of vessel endothelial cells, but also leads to shedding
of tumor cells and invasion of adjacent tissue[20,21]. Byrne et al.
suggested that VCAM-1 was expressed on endothelial cells as
a result of stimulation by vascular endothelial growth factor
(VEGF). In general, these findings suggest that VCAM-1 may
be used for sustained angiogenesis and tissue invasion and
metastasis via autocrine/paracrine manners[7].
     Howerever, in some tumors, high MVD VCAM-1 expression
was not detected, which suggests that other factors such as
extracellular matrix, and metabolic and mechanical factors also
contribute to tumor angiogenesis. Hence anti-angiogenesis
therapy should utilize multiantiangiogenesis tactics[23,24].
     MVD may be different according to the observer, and cut-
off values are also different. In addition, it has been reported
that different MVD could be obtained with different antibodies
used in different studies. Therefore, MVD that was observed
in this study may be different from those previously reported.

VCAM-1 favors lymph node metastasis of gastric cancer
It is generally accepted that the presence or absence of regional
lymph node involvement is one of the important factors
influencing survival in respectable gastric cancer. Lymph node
metastasis occurs even in some patients with early gastric
cancer. Recently, studies have confirmed that prognosis of
gastric cancer patients with lymph node metastasis is very poor.
Gastric caner patients with lymph node metastasis have been
commonly reported to  have poorly differentiated
adenocarcinoma, and deeper invasion, in comparison with
gastric cancer patients without lymph node metastasis. In our
present study, we observed that VCAM-1 expression in 26 of
28 cases with lymph node metastasis, whereas in only 5 of 13
gastric cancer patients without lymph node metastasis. There
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was a significant difference between the two groups (P<0.05),
indicating that expression of VCAM-1 may be associated with
lymph node metastasis of gastric cancer. VCAM-1 is
predominantly expressed on gastric carcinoma cells, giving
these tumor cells the ability to perform lymph-node metastasis.
Meanwhile, expression of VCAM-1 significantly alters
malignant transformation[11,20,21].
    Tumor metastasis involves the release of cells from primary
tumor due to a firmly formed cluster of tumor cells probably
by detaching from the tumor nests with unstable adhesiveness,
followed by their migration in extracellular matrix, adhesion
to vessel walls, arrest in microcirculation of distant organs,
and subsequent extravasation. Extravasation of metastatic
tumor cells from bloodstream of the tissue space in a secondary
organ is related specific binding to determinants on
endothelial cell surface. Each step requires cell adhesive
interactions involving specific adhesion molecules and
receptors. Several families of adhesion molecules have now
been identified, some of which are promising candidates for
a role in neoplasia. So tumor metastasis is a very complex
process, Colette et al. thought that VCAM-1 overexpression
stimulated tumour neovascularization, and angiogenesis was
necessary for tumor growth and metastasis, VCAM-1 expression
was linked to lymph node metastasis[2,3,21-24].
     We observed that VCAM-1 expression was present in 5 of
the 13 cases without lymph node metastasis, which may be
related to lymph node micrometastasis. It has been
demonstrated that micrometastases consisting of one to a few
cells in lymph nodes resected during gastrectomy are difficult
to identify using conventional hematoxylin and eosin (H&E)
stains[25,26].

Concentration of soluble VCAM-1 may be one of the important
markers for gastric carcinoma
Our study demonstrated that serum concentration of VCAM-
1 was elevated in patients with gastric cancer before treatment
in comparison with the healthy group; hence, the concentration
of soluble VCAM-1 may be of significance in diagnosis of
gastric carcinoma. In addition, a positive correlation was
observed between levels of soluble VCAM-1 and tumor stage,
and invasion depth. More important was that the concentration
of soluble VCAM-1 in patients with lymph node metastasis
was significantly higher than that in patients without lymph
node matastasis. These findings suggest that the levels of
soluble VCAM-1 are linked to tumor growth and metastasis.
Our results are consistent with the findings by Velikova et al,
who also reported elevated serum levels of VCAM-1 in gastric
cancer, and proposed that patients with elevated serum VCAM-
1 have a poorer survival rate. Measurement of circulating
VCAM-1 may bring additional prognostic information for
patients with gastric cancer in relation to different stages and
tumor pathology, and it should be included in future large
multivariate analyses of prognostic factors should be performed
whenever possible[27,28]. Animal experiments have confirmed
that soluble VCAM-1 promotes angiogenesis in rat cornea,
which is supported by our findings[29,30].
    Additionally, It was first observed that postoperative
concentrations of soluble VCAM-1 decreased significantly in
patients with gastric cancer in comparison with preoperative
concentrations (P<0.05). This finding suggests that
measurement of circulating VCAM-1 may play a critical role
in prognosis of gastric cancer patient. It is likely that tumor
burden in patients with gastric cancer is decreased after
operation, so the concentration of soluble VCAM-1 is reduced.
If the levels of soluble VCAM-1 increase again after operation,
we should pay great attention to tumor recurrence. Therefore,
soluble VCAM-1 may be considered as a marker for tumor

burden. Some investigators have reported a positive correlation
between serum concentration of VCAM-1 and age of patients,
but no such a correlation was found in healthy subjects. Our
study did not confirm this although we noted that the median
age in healthy group was lower than that of gastric cancer
patients. Therefore, the effect of age on serum levels of VCAM-
1 can not be excluded, and future studies should take it into
account[31].
    In our department, CEA is one of the routine tests in gastric
cancer. It is well accepted that CEA is one of the most important
marks of gastrointestinal carcinoma, and preoperative positivity
for CEA is an independent risk factor for hematogenous
recurrence of gastric carcinoma. Our finding on CEA is
consistent with those previously reported[32,33].

Expression of VCAM-1 in tumor tissue is one of the sources
of soluble VCAM-1 in gastric cancer
The source of soluble VCAM-1 is not yet known. VCAM-1 is
known to be expressed predominantly on activated endothelial
cells, dendritic cells and renal proximal tuble cells. We found
that strong VCAM-1 expression occurred in gastric cancer cells
and endothelial cells in tumor tissues, especially in vessel
abundant regions. Some studies have reported that VCAM-1
has been found in malignant epithelial tissue, including
metastasis gastric cancer cells, melanoma cell lines and
hepatocellular cells. In our study, a strong correlation was found
between expression of VCAM-1 in gastric cancer tissue and
serum concentration of soluble VCAM-1 (r=0.85, P<0.05).
Increased expression of VCAM-1 in gastric cancer cells and
their shedding into circulation may be the factor accounting
for the significantly elevated serum levels of VCAM-1. Other
studies have reported that soluble VCAM-1 may be related to
the white cell count. To eliminate this possibility, blood tests were
performed, and gastric cancer patients with normal blood tests
were included. We observed that expression of VCAM-1 in gastric
carcinoma tissue was positively correlated with concentration of
soluble VCAM-1, indicating that expression of VCAM-1 in gastric
cancer tissue is a major source of soluble VCAM-1. VCAM-1 is
expressed on endothelial cells as a result of vascular endothelial
growth factor (VEGF) stimulation[4,6,19-21,34,35].
      In conclusion, VCAM-1 may be involved in the progression
of human gastric carcinoma, particularly via lymphangiogenesis.
VCAM-1 expression at invading edge of gastric carcinoma
may be a sensitive marker for metastasis to lymph nodes.
Differentially expressed vascular molecules may influence the
functional characteristics of extravasating leukocytes and
represent new targets in anti-gastric cancer therapy. In general,
an increasing number of studies on a variety of malignant
diseases have suggested that VCAM-1 may play a role in the
process of adhesion of tumor cells to endothelial cells and
neovascularization. Expression of VCAM-1 is associated with
oncogenesis, tumor angiogenesis and metastasis in gastric
carcinoma. MVD in gastric carcinoma tissue is closely
associated with lymph node metastasis, clinical stage and depth
of invasion. Expression of VCAM-1 is closely related to MVD
in gastric cancer, and thus VCAM-1 can act as an important
index reflecting the biological behaviors of gastric carcinoma.
VCAM-1 may be used as a metastasis marker and/or a target
for antiangiogenic therapy. VCAM-1 has been shown to be a
key player by providing a vasculature-specific target for
antiangiogenic treatment strategies. Concentration of soluble
VCAM-1 correlates well with tumor growth and metastasis.
Expression of VCAM-1 in gastric cancer tissue is positively
correlated with concentration of soluble VCAM-1. Elevated
soluble VCAM-1 is decreased significantly in gastric caner
patients after operation, and thus soluble VCAM-1 may be
one of the markers for gastric carcinoma tumor burden, and

Ding YB et al. Significance of VCAM-1 expression in gastric carcinoma          1413



serum VCAM-1 may be considered as an effective diagnostic
and prognostic factor.
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