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Abstract

AIM: To investigate how a complex network of CC
chemokine ligands (CCLs) and their receptors influence
the progression of tumor and metastasis.

METHODS: In the present study, we used immunohis-
tochemistry to examine the expression of CCL7, CCL8
and CCL21 in 194 gastric cancer samples and adjacent
normal tissues. We analyzed their correlation with tu-
mor metastasis, clinicopathologic parameters and clini-
cal outcome.

RESULTS: We found that the higher expression of CCL7
and CCL21 in cancer tissues than in normal tissues
was significantly correlated with advanced depth of
wall invasion, lymph node metastasis and higher tumor
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node metastasis stage. Moreover, Kaplan-Meier survival
analysis revealed that CCL7 and CCL21 overexpression
in cancer tissues was correlated with poor prognosis.

CONCLUSION: These results suggest that overex-
pression of these two CC chemokine ligands is associ-
ated with tumor metastasis and serves as a prognostic
factor in patients with gastric cancer.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Chemokine ligands (CCLs) belong to the small molecule
chemoattractive cytokine family and are grouped into
CC and CXC chemokines ligands on the basis of the
characteristic presence of four conserved cysteine resi-
dues"”?. Chemokines mediate their chemical effect on
target cells through G-protein-coupled receptors, which
are characterized structurally by seven transmembrane
spanning domains and are involved in the attraction and
activation of mononuclear and polymorphonuclear leu-
kocytes. CCLs and their receptors play an important role
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in angiogenesis and tumor growth, however the role of
CCLs in metastasis has only recently been exploredH’iJ.
CCL7 promoted the invasion and migration of oral
squamous cell carcinoma. CCL21 was significantly
highly expressed in breast tumor cells with lymph node
metastasis and prognosislil.

Gastric cancer is one of the commonest malignant
tumors of the alimentary tract and is characterized by late
clinical presentation, rapid progression, and poor sur-
vival”, The reason for this poor prognosis is that, at the
time of diagnosis, gastric cancer usually shows extensive
local tumor invasion and frequent spread to metastatic
sites, particularly lymph nodes. Spread of malignant tu-
mors is a multistep process and many of the stages of
tumor invasion require degradation or breakdown of the
extracellular matrix and connective tissue surrounding tu-
mor cells”™, The matrix metalloproteinases (MMPs) are a
family of zinc containing enzymes which are involved in
the degradation of different components of the extracel-
lular matrix, and there is considerable evidence to indicate
that individual MMPs have important roles in tumor in-
vasion and tumor spread”"!. A recent study showed that
increased levels of CCL recruit immature myeloid cells
that carry the chemokine ligand receptor (CCR) from
the blood to the tumor invasion front. These immature
myeloid cells produced MMP9 and MMP2 and help the
tumor cells to migrate and invade'”,

In the present study, we used immunohistochemistry
to examine the expression of CCL7, CCL8 and CCL21
in 194 gastric cancer samples and adjacent normal tis-
sues. We analyzed their correlation with tumor metasta-
sis, clinicopathologic parameters and clinical outcome.

MATERIALS AND METHODS

Patients and specimens

A consecutive series of 194 tissue specimens were col-
lected from patients with gastric cancer who received
subtotal or total gastroectomy resection in Chang Gung
Memorial Hospital (CGMH) in Taiwan. All operations
were performed between January 2001 and December
2002. Written informed consent was obtained before
sample collection and this study was approved by the
Institutional Review Board of CGMH. There were 114
males and 80 females with a mean age of 62 years (range,
24-90 years). The age and gender of patients, tumor
location, tumor size, cell differentiation, depth of wall
invasion, status of lymph node metastasis, vascular inva-
sion, lymphatic invasion and desmoplastic reaction were
obtained from histopathology records. Stage of gastric
cancer was described according to the 1997 tumor node
metastasis (INM) classification of malignant tumors by
the American Joint Committee on Cancer. All patients
were followed until December 2007 with a minimum 5
years of follow-up. All tissue specimens were formalin-
fixed and paraffin-embedded. Formalin fixed tissue sec-
tions were stained with haematoxylin and eosin and clas-
sified by a pathologist. These results were compared with
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the histopathology records from CGMH. Final pathology

was determined by consensus and review if necessary.

Immunohistochemistry

The tissue blocks were constructed according to the me-
thod of Schraml ¢ /" and the best representative mor-
phological areas of tumors were used in this study. The
specimen sections were deparaffinized, treated with 3%
hydrogen peroxide and microwaved after pretreatment in
10 mmol/L. citric acid to retrieve antigenicity. The sections
were incubated with blocking solution containing phos-
phate buffered saline and 1% bovine serum albumin for 20
min at room temperature, and then incubated overnight at
4 °C with an anti-CCL7 antibody (1:100, R and D), an anti-
CCL8 monoclonal antibody (1:50, R and D), or an anti-
CCL21 monoclonal antibody (1:50, R and D), respectively.
After washing 4 times with Tris Buffered Saline, the sec-
tions were incubated with biotinylated secondary antibody
(Santa Cruz Biotechnology). The immuno-complex was vi-
sualized by the immonoglobulin enzyme bridge technique
using the DAKO LSAB 2 System, HRP kit (DAKO corp.
Carpinteria, CA) with 3,3’ diaminobenzidine tetrachloride
as a substrate. The sections were counterstained with he-
matoxylin, dehydrated with graded alcohols, cleared with
xylene and mounted with a coverslip.

Scoring of the immunohistochemical staining

The immunostaining results were scored as follows, ac-
cording to a previous report' !, The immunostaining
reaction was evaluated by subjective assessments of the
median staining intensity (0, no stain; 1, weak; 2, modet-
ate; and 3, strong stain) and by the fraction of stained
cells in percentage categories (0, 0%-9%; 1, 10%-49%; 2,
50%-89%; and 3, = 90%). This scoring system was previ-
ously shown to be reproducible”. The scores of 0 to 3
wete obtained as follows: percentage categoties and stain-
ing were each ranked as indicated above. The ranks for
percentage and staining intensity were multiplied by each
other, divided by 3, and rounded up to the nearest whole
number!"”. The results of immunostaining in tumor and
normal tissues were divided into three groups, higher (rank
of tumor tissue > rank of normal tissue), equal (rank of
tumor tissue = rank of normal tissue), and lower (rank of
tumor tissue < rank of normal tissue) (Figures 1-3).

Statistical analysis

12 or Fisher’s exact test was used to test for an associa-
tion between CCL7, CCL8 and CCL21 expression and
patient clinicopathologic parameters. Disease-free sur-
vival was defined as the time from surgery to the first re-
lapse of cancer, occurrence of a second primary tumor,
or death from any cause. Univariate survival analysis was
assessed by the Kaplan-Meier method and significance
of difference between groups was analysed using log
rank test or log rank test for trend. Stepwise multivariate
survival analysis was performed by the Cox proportional
hazards model. All reported P values were two-sided and
a P value < 0.05 was considered significant.
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Figure 1 Immunohisto-
chemistry of chemokine li-
gand 7 in gastric cancer and
adjacent normal tissues.
Chemokine ligand 7 (CCL7)
staining is higher in the cyto-
plasm of gastric cancer cells
(A) than in the cytoplasm of
adjacent normal cells (B);
CCL7 staining is equal in the
cytoplasm of gastric cancer
cells (C) and in the cytoplasm
of adjacent normal cells (D);
CCL7 staining is lower in the
cytoplasm of gastric cancer
cells (E) than in the cytoplasm
of adjacent normal cells (F).
(magnification, x 400).

RESULTS

CCL7, CCL8 and CCL21 expression in gastric cancer
and adjacent normal tissues

The percentages of the higher expression of CCL7, CCL8
and CCL21 in cancer tissues than in normal tissues were
42.3% (82 of 194), 29.9% (58 of 194) and 44.8% (87 of
194), respectively (Figures 1-3 and Table 1). The percent-
ages of the equal expression of CCL7, CCL8 and CCL21
in cancer tissues and in normal tissues were 35.6% (69 of
194), 33% (64 of 194) and 32.5% (63 of 194), respectively
(Figures 1-3 and Table 1). The percentages of the lower
expression of CCL7, CCL8 and CCIL21 in cancer tissues
than in normal tissues were 22.2% (43 of 194), 37.1% (72
of 194) and 22.7% (44 of 194), respectively (Figures 1-3
and Table 1).

CCL7, CCL8 and CCL21 overexpression in relation to
clinicopathologic parameters

The overexpression of CCL7 in cancer tissues compared
with normal tissues was significantly correlated with tu-
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mot location (P = 0.025) and tumor size (P = 0.001). The
overexpression of CCL7 was significantly higher in gastric
cancer with advanced depth of wall invasion (P = 0.001),
lymph node metastasis (P = 0.020), desmoplastic reaction
(P = 0.006) and higher TNM stage (P = 0.008), but was
not correlated with age, gender, differentiation, vascular
invasion or lymphatic invasion (Table 1).

The overexpression of CCL8 was significantly corre-
lated with age (P = 0.026) and tumor location (P = 0.004),
but not with gender, tumor size, differentiation, depth of
wall invasion, lymph node metastasis, vascular invasion,
lymphatic invasion, desmoplastic reaction or TNM stage.

The overexpression of CCL21 was significantly higher
in females than in males (P = 0.041) and was correlated
with tumor location (P = 0.020), tumor size (P = 0.043)
and lymphatic invasion (P = 0.006). As with CCL7, the
overexpression of CCL21 was significantly higher in gas-
tric cancer with an advanced depth of wall invasion (P <
0.0001), lymph node metastasis (P = 0.003), desmoplastic
reaction (P < 0.0001) and higher TNM stage (P < 0.0001),
but was not correlated with age, differentiation or vascular
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invasion (Table 1).

Prognostic implications of CCL7, CCL8 and CCL21
overexpression in gastric cancer

CCL7 and CCL21 overexpression was correlated with a
poor prognosis (P = 0.002 and 0.001, Table 2 and Fig-
ure 4A and C). CCL8 overexpression was not correlated
with survival (Table 2, Figure 4B). Other significant prog-
nostic factors were tumor location, tumor size, differentia-
tion, depth of invasion, lymph node metastases, vascular
invasion, lymphatic invasion, marked desmoplastic reac-
tion and higher TNM stage. In multivariate analysis, depth
of invasion, lymph node metastasis and desmoplastic re-
action were independent prognostic factors (Table 3).

DISCUSSION
In this study, CCL7, CCL8 and CCL21 expression levels

were examined in 194 cases of gastric cancer for cor-
relation with patient clinicopathologic factors. We found
that the higher expression of CCL7 and CCL21 in cancer
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Figure 2 Immunohisto-
chemistry of chemokine li-
gand 8 in gastric cancer and
adjacent normal tissues.
Chemokine ligand 8 (CCL8)
staining is higher in the cyto-
plasm of gastric cancer cells
(A) than in the cytoplasm of
adjacent normal cells (B);
CCLS8 staining is equal in the
cytoplasm of gastric cancer
cells (C) and in the cytoplasm
of adjacent normal cells (D);
CCLS8 staining is lower in the
cytoplasm of gastric cancer
cells (E) than in the cytoplasm
of adjacent normal cells (F).
(magnification, x 400).

tissues than in normal tissues was significantly correlated
with advanced depth of wall invasion, lymph node metas-
tasis and higher TNM stage. The mechanism for chemo-
kine ligand promotion of tumor invasion and metastasis
is not clear. Using a model of colorectal tumor progtes-
sion, Kitamura ¢ a/'” showed that tumor-stromal interac-
tion could promote tumor invasion. The colonic tumor
can promote the production of CCL9. Increased levels
of CCL9 recruited immature myeloid cells that catry the
CCL9 receptor CCR1 from the blood to the tumor inva-
sion front. The immature myeloid cells produce MMP2
and MMP9 and help the tumor epithelium to migrate and
invade into the stroma. Jung e# @/ also showed the impor-
tance of tumor-stromal crosstalk in invasion of oral squa-
mous cell carcinoma (OSCC) ria CCL7". To identify key
molecular regulators expressed by carcinoma-associated
fibroblasts (CAF) that promote cancer cell invasion, Jung
et al” used microarrays to compare cocultured OSCC and
CAF with monoculture controls. Microarray and real-
time polymerase chain reaction analysis identified marked
upregulation of CCL7 in cocultured CAE Enzyme-linked
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Figure 3 Immunohistochem-
istry of chemokine ligand
21 in gastric cancer and
adjacent normal tissues.
Chemokine ligand 21 (CCL21)
staining is higher in the cyto-
plasm of gastric cancer cells
(A) than in the cytoplasm of
adjacent normal cells (B);
CCL21 staining is equal in the
cytoplasm of gastric cancer
cells (C) and in the cytoplasm
of adjacent normal cells (D);
CCL21 staining is lower in the
cytoplasm of gastric cancer
cells (E) than in the cytoplasm
of adjacent normal cells (F).
(magnification, x 400).
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Figure 4 Kaplan-Meier survival curves for disease-free survival of 194 patients with gastric cancer. A: Categorized by chemokine ligand 7 (CCL7) expression,
survival was significantly worse for patients with higher CCL7 expression than those with equal or lower CCL7 expression (P = 0.002); B: Categorized by CCL8
expression, no significant difference was observed among the three groups (P = 0.269); C: Categorized by CCL21 expression, survival was significantly worse for
patients with higher CCL21 expression than those with equal or lower CCL21 expression (P = 0.001).

immunosorbent assay showed an elevated level of CCL7 OSCC cells, and the invasiveness was inhibited by treat-
secretion from CAF stimulated by coculture with OSCC ment with CCL7 neutralizing antibody.
cells. CCL7 promoted the invasion and migration of However, other studies have shown that CC chemokine
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Table 1 Association of chemokine ligand 7, chemokine ligand 8 and chemokine ligand 21 expression with the clinicopathologic parameters

CCL-7 expression

CCL-8 expression CCL-21 expression

Factors Cases Higher Equal Lower P value Higher Equal Lower P value Higher Equal Lower P value
n=82 n=69 n=43 n=58 n=64 n=72 n=87 n=63 n=44
Age (yr)
< 60 83 31 31 21 0.449 17 28 38 0.026 34 24 25 0.101
> 60 111 51 38 22 41 36 34 53 39 19
Gender
Male 114 52 40 22 0.412 36 40 38 0.429 47 45 22 0.041
Female 80 30 29 21 22 24 34 40 18 22
Tumor location
Upper 22 10 6 6 0.025 4 6 12 0.004 8 9 5 0.026
Middle 40 10 17 13 10 6 24 13 11 16
Lower 124 58 46 20 42 48 34 60 43 21
Whole 8 4 0 4 2 4 2 6 0 2
Tumor size (cm)
<3 95 29 36 30 0.001 24 28 43 0.068 34 35 26 0.043
>3 929 53 33 13 34 36 29 53 28 18
Differentiation
Well 18 6 8 4 0.177 5 6 7 0.422 7 7 4 0.130
Moderate 55 27 22 6 17 23 15 30 18 7
Poor 52 25 15 12 19 13 20 27 12 13
Signet ring cell 69 24 24 21 17 22 30 23 26 20
Depth of wall invasion
T1 47 12 19 16 0.001 8 15 24 0.070 9 18 20 < 0.0001
T2 37 8 18 11 13 12 12 9 18 10
3 101 58 29 14 85 Bill 85 64 24 13
T4 9 4 3 2 2 6 1 5 8 1
Lymph node metastasis
NO 88 30 36 22 0.020 21 29 38 0.488 28 88 27 0.003
N1 47 16 16 15 16 17 14 20 17 10
N2 23 13 7 3 7 6 10 13 5 5
N3 36 23 10 3 14 12 10 26 8 2
Vascular invasion
No 168 70 60 38 0.800 50 58 60 0.561 71 57 40 0.163
Yes 26 12 9 5 8 6 12 16 6 4
Lymphatic invasion
No 104 37 39 28 0.086 27 34 43 0.325 36 38 30 0.006
Yes 90 45 30 15 31 30 29 51 25 14
Desmoplastic reaction
None 28 6 14 8 0.006 5 6 17 0.071 7 9 12 < 0.0001
Mild 64 22 20 22 18 21 25 17 26 21
Moderate 75 43 25 7 23 30 22 44 24 7
Marked 27 11 10 6 12 7 8 19 4 43
TNM stage
I 64 16 27 21 0.008 14 20 30 0.427 13 26 25 < 0.0001
Il 44 17 17 10 13 14 17 18 18 8
Jill 38 20 12 6 13 14 11 24 8 6
v 48 29 13 6 18 16 14 32 11 5

CCL: Chemokine ligand; TNM: Tumor node metastasis.

ligands promote T' cells to kill the tumor cells. Wu ez al™®
investigated the effect of exogenous CCL21 expressed in
breast cancer MCF-7 cells on human monocyte-derived
dendritic cells (DCs). Stimulation of CCL21-transfected
MCEF-7 cells prompted DC function: migration, antigen
uptake and presentation. The stimulated DCs facilitated
Th 1 type cytokine production, perforin-forming CD8"
T cell transformation and final T cell-associated clearance
of MCE-7 cells. Wetzel ef a/'” showed that human CCL7
can reduce tumorigenicity and augment infiltration of
dendritic cells and neutrophils toward mouse mastocy-
toma; it also inhibits mouse melanoma growth through
activation of T lymphocytes and natural killer cells.
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The differences between the expression of CCL7
and CCL21 correlated with clinicopathologic parameters
were gender and lymphatic invasion. The overexpres-
sion of CCL7 in gastric cancer was not correlated with
gender and lymphatic invasion, but that of CCL21 was
correlated with these two parameters. The overexpres-
sion of CCL21 was significantly higher in females than
in males. The reason for the significance is not clear and
more studies are necessary to clarify the significance.
The overexpression of CCL21 was also correlated with
lymphatic invasion. Recently, metastatic gastric carci-
noma cells have been shown to express the receptor for
chemokine CCL21, chemokine receptors CCR7, a prop-
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Table 2 Univariate analysis of the clinicopathologic parame-

ters influencing the disease-free survival of 194 gastric cancer
patients undergoing gastrectomy

Mean survival 95% CI 5-year
Factors Cases e of mean survi\yal (%) P value
Age (yr)
< 60 83 57.33 50.22-64.44 60.2 0.516
> 60 111 53.34 46.93-59.76 56.1
Gender
Male 114 57.90 51.74-64.05 62.2 0.174
Female 80 51.09 43.61-58.56 Sy
Type of gastrectomy
Total 41 31.85 23.28-40.43 3Bl <0.0001
Subtotal 153 60.21 55.14-65.48 64.5
Tumor location
Upper 22 26.01 15.81-36.21 27.3 <0.0001
Middle 40 69.22 61.15-71.29 77.0
Lower 124 56.56 50.70-62.43 59.5
Diffuse 8 23.41 7.46-39.36 25.0
Margin
Negative 173 57.71 52.73-62.68 62.3 0.0001
Positive 21 27.41 17.26-37.56 12.6
Tumor size (cm)
<3 95 70.94 65.97-75.92 80.7 <0.0001
>3 99 39.02 32.23-45.81 34.6
Differentiation
Well 18 65.58 59.43-71.73 94.4 <0.0001
Moderate 55) 4311 35.16-51.06 54.4
Poor 52 37.91 30.28-45.54 33.6
Signet ring cell 69 62.16 54.89-69.43 67.9
Depth of invasion
T1 47 79.53 75.46-83.60 95.7 < 0.0001
T2 37 71.92 64.56-79.28 80.6
T3 101 40.04 33.53-46.54 35.4
T4 9 10.57 5.94-15.21 0.0
Lymph node metastasis
NO 88 73.64 69.17-78.11 83.8 <0.0001
N1 47 57.67 47.75-67.59 64.9
N2 23 31.61 21.57-41.65 23.9
N3 36 15.39 10.83-19.95 0.0
Vascular invasion
No 168 60.36 55.48-65.23 65.4 <0.0001
Yes 26 17.74 11.39-24.08 44
Lymphatic invasion
No 104 70.58 65.84-75.33 79.2 <0.0001
Yes 90 36.48 29.43-43.53 3211
Perineural invasion
No 109 67.57 62.27-72.88 76.3 <0.0001
Yes 84 37.36 30.70-44.02 34.1
Desmoplastic reaction
None 28 67.55 56.87-78.24 78.6 <0.0001
Mild 64 70.20 64.03-76.37 78.7
Moderate 75 41.99 34.35-49.62 38.8
Marked 27 36.67 24.49-48.85 36.7
TNM stage
I 64 78.86 75.66-82.07 92.1 <0.0001
I 44 66.55 58.17-74.92 74.2
il 38 46.52 36.06-56.98 45.7
I\Y% 48 14.71 10.94-18.48 0.0
CCL-7
Higher 82 45.62 37.97-53.28 43.6 0.002
Equal 69 60.09 52.62-67.57 64.7
Lower 43 63.28 54.24-72.32 71.8
CCL-8
Higher 58 51.05 42.41-59.70 50.0 0.269
Equal 64 51.89 43.39-60.39 57.4
Lower 72 59.97 52.60-67.34 64.6
CCL-21
Higher 87 44.96 37.83-52.10 45.8 0.001
Equal 63 56.60 48.30-64.90 59.5
Lower 44 70.58 63.24-77.93 79.2

CCL: Chemokine ligand; TNM: Tumor node metastasis.
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Table 3 Cox’s proportional hazards analysis

95% CI
Factors Hazard ratio P value
upper-lower
Depth of invasion
T2/T1 7.850 1.454-42.390 0.017
T3/T1 23.200 4.733-113.716 0.000
T4/T1 65.052 10.830-390.730 < 0.0001
Lymph node metastasis
N1/NO 1.856 0.865-3.982 0.112
N2/NO 3.520 1.597-7.758 0.002
N3/NO 7.227 3.349-15.596 <0.0001
Desmoplastic reaction
Mild/none 3.663 1.272-10.638 0.016
Moderate/none 3.623 1.304-10.101 0.014
Marked/none 4.926 1.590-15.152 0.006
CCL-7 0.801
CCL-8 0.620
CCL-21 0.084

CCL: Chemokine ligand.

erty that may allow them to access the lymphatic system
and spread to regional lymph nodes". Thus the “che-
moattraction” theory of metastasis may be reflected by
malignant cells expressing functional chemokine recep-
tors that can respond to organ-specific chemoattractant
molecules and migrate directionally along chemokine
gradients to set up site-specific metastases in the target
organs. Such chemotactic migration of tumors would
mirror the physiologic mechanisms of lymphocyte hom-
ing into lymphoid organs.

Kaplan-Meier survival analysis revealed that CCL7
and CCL21 overexpression in cancer tissues was correlat-
ed with poor prognosis. If tumor-infiltrating leukocytes
are able, in some instances, to promote cancer, then the
local production of chemokines that attract leukocytes
could be a poor prognostic sign. This is the case in hu-
man breast cancer, where levels of CCL5 and CCIL.2 cot-
relate with tumor progression and there is a positive cor-
relation between the extent of the macrophage infiltrate,
lymph-node metastasis and clinical aggressiveness[w’m. In
esophageal squamous cell carcinoma, CCL2 expression
has been associated with the extent of macrophage infil-
tration, tumor cell invasion and tumor vascularity™.

In conclusion, the higher expression of CCL7 and
CCL21 in gastric cancer tissues than in normal tissues
was significantly correlated with advanced depth of wall
invasion, lymph node metastasis and higher TNM stage.
Moreover, Kaplan-Meier survival analysis revealed that
CCL7 and CCL21 overexpression in cancer tissues was
correlated with poor prognosis. These results suggest that
overexpression of these two CC chemokine ligands is as-
sociated with tumor metastasis and serves as a prognostic
factor in patients with gastric cancer.

COMMENTS

Background
Gastric cancer is one of the commonest malignant tumors of the alimentary
tract and is characterized by late clinical presentation, rapid progression, and

March 21,2012 | Volume 18 | Issue 11 |



Hwang TL et a/. CCL in gastric cancer

poor survival. The reason for this poor prognosis is that, at the time of diagno-
sis, gastric cancer usually shows extensive local tumor invasion and frequent
spread to metastatic sites, particularly lymph nodes. Spread of malignant
tumors is a multistep process and many of the stages of tumor invasion require
degradation or breakdown of the extracellular matrix and connective tissue sur-
rounding tumor cells.

Research frontiers

The matrix metalloproteinases (MMPs) are a family of zinc containing enzymes
which are involved in the degradation of different components of the extracel-
lular matrix, and there is considerable evidence to indicate that individual
MMPs have important roles in tumor invasion and tumor spread. A recent study
showed that increased levels of chemokine ligand (CCL) recruit immature
myeloid cells that carry chemokine ligand receptor from the blood to the tumor
invasion front. These immature myeloid cells produced MMP9 and MMP2 and
help the tumor cells to migrate and invade.

Innovations and breakthroughs

In the present study, the authors used immunohistochemistry to examine the
expression of CCL7, CCL8 and CCL21 in 194 gastric cancer samples and
adjacent normal tissues. The authors analyzed their correlation with tumor me-
tastasis, clinicopathologic parameters and clinical outcome. They found that the
higher expression of CCL7 and CCL21 in cancer tissues than in normal tissues
was significantly correlated with advanced depth of wall invasion, lymph node
metastasis and higher tumor node metastasis (TNM) stage. Moreover, Kaplan-
Meier survival analysis revealed that CCL7 and CCL21 overexpression in can-
cer tissues was correlated with poor prognosis.

Applications

These results suggest that overexpression of CCL7 and CCL21 is associated
with tumor metastasis and serves as a prognostic factor in patients with gastric
cancer.

Peer review

The authors used immunohistochemistry to examine the expression of CCL7,
CCL8 and CCL21 in 194 gastric cancer samples and adjacent normal tissues.
They found that the higher expression of CCL7 and CCL21 in cancer tissues
than in normal tissues was significantly correlated with advanced depth of wall
invasion, lymph node metastasis and higher TNM stage. Moreover, Kaplan-
Meier survival analysis revealed that CCL7 and CCL21 overexpression in can-
cer tissues was correlated with poor prognosis.
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