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Abstract: Purpose: A great deal of studies have been performed on the prognostic value of monocyte chemotactic
protein-1 (MCP-1) in solid tumors in recent years. However, no consistent outcomes are reported. Therefore, the
prognostic value of MCP-1 still remains controversial in patients with solid tumors. Here we aimed to evaluate
the prognostic value of MCP-1 expression for patients with solid tumors. Methods: Comprehensive literature was
selected from PUBMED and EMBASE and clinical studies which reported analysis of survival data about MCP-1 in
solid tumors were included. Stata 11.0 was used for performing a meta-analysis on evaluating the relation between
MCP-1 and clinical staging, overall survival (OS) and disease free survival (DFS). Results: Eleven studies with a total
of 1324 patients with solid tumors were included into our meta-analysis. The result showed that high concentration
of MCP-1 was related to a worse OS (HR = 1.95, 95% ClI 1.32-2.88). The subgroup analysis on different location
of tumors showed that high concentration of MCP-1 meant bad prognosis in patients with digestive cancer (HR =
2.66, 95% Cl 1.44-4.91) and urogenital cancer (HR = 2.23, 95% Cl 1.61-3.10), even head and neck cancer (HR =
1.99, 95% CI 0.95-4.18) other than respiratory cancer (HR = 1.10, 95% CI 0.39-3.11). Another subgroup analysed
on different sites of cancer and indicated a poor prognosis on adenocarcinoma (HR = 2.10, 95% Cl 1.63-2.69).
Conclusions: Our findings suggest that MCP-1 can be regarded as a poor prognostic maker for solid tumors and may
represent important new therapeutic targets.

Keywords: Monocyte chemotactic protein-1, meta-analysis, cancer, prognosis, overall survival

Introduction 1989 [2]. Itis produced by many activating cells
(fibroblasts, endothelial cells, lymphocytes,
smooth muscle cells, B cells and macrophages)
and discussions in recent years. This has under the stimulation of lipopolysaccharide
occurred, to some extent, because of an enlarg- (LPS), Poly I-C, IL-1, IFN-y, polyhydroxyalkano-

ing view on what chemokines do on tumor pro- ates (PHA), platelet-derived growth factor

Chemokines have attracted broad interests

gression.Chemokines are signaling proteins
and act as a chemoattractant to guide the
migration of cells by a signal of increasing che-
mokine concentration, which also raise the
possibility of controling the migration of tumor
cells in humman bodies.

Monocyte chemotactic protein-1 (MCP-1), also
called Chemokine (C-C motif) ligand 2 (CCL2),
is a 76-amino acid protein and a member of the
C-C subfamily of chemokines [1], was first puri-
fied by Matsushima. from serum-free culture
supernatant of human myelomonocytic cells in

(PDGF), epidermal growth factor (EGF) or some
viruses [3-7]. Many recent studies have report-
ed that MCP-1 can also be expressed by several
malignant tumor cells, including liver cancer,
prostate cancer, pancreatic cancer, breast can-
cer, lung cancer, colorectal cancer and ovarian
cancer [8-12].

Huang S. said MCP-1 is associated with reduc-
ing the metastatic potential, probably by
enhancing monocyte infiltration in a murine
model of colon cancer in 1994 [13], and Zia
A.D. also told that high serum MCP-1 expres-
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sion is correlated with favorable prognostic
variables via increased preexisting HER-2/neu
immunity in patients with breast cancer [14].
However, more studies have indicated that
MCP-1 expression is related to tumor progres-
sion, matrix formation and dissolution, clinical
aggressiveness and promoting metastasis to
local and distant sites [15-19]. Therefore, the
prognostic value of MCP-1 still remains unclear
in patients with solid tumors.

In this study, we attempted to conduct a meta-
analysis to estimate the relationship between
MCP-1 expression and clinical staging, overall
survival (0OS) and disease free survival (DFS)
among patients with solid tumors, and we
sought to find out whether MCP-1 could provide
helpful guidance in the treatment and progno-
sis of cancer.

Materials and methods
Identification and eligibility of relevant studies

Literature selected from PubMed (MEDLINE)
and EMBASE was conducted by combing
search terms “cancer”, “cancers”, “tumor”,
“tumors”, “neoplasm”, “neoplasms”, “carcino-
ma”, “carcinomas” with “monocyte chemoat-
tractant protein-1”, “monocyte chemotactic
protein 1”7, “monocyte chemotactic protein-1”,
“MCP-1", “CCL2", “Chemokine ligand 2", “C-C
motif ligand 2” and “monocyte chemoattrac-
tant protein 1”. The deadline of the literature
search was July 19th, 2013. To prevent the
omission of any research via electronic search
strategy, reference list from primary identified
studies were also searched.

Study inclusion or exclusion criteria

Inclusion criteria for the study were as follows:
(1) all cases were confirmed diagnosis of solid
tumor in humans; (2) reviews, letters to the edi-
tors, articles published in a book and only sum-
maries of the literature or in languages other
than English were excluded; (3) clinical research
association of MCP-1 with overall survival (0S),
and/or disease free survival (DFS), not basic
research and animal experiments; (4) no dupli-
cate data. The same sample in multiple reports
was included once; (5) having survival data
about MCP-1. Literature must provide prognos-
tic hazard ratio (HR) or provide sufficient infor-
mation that can calculate HR value, incomplete
information were excluded.
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Data extraction

We extracted the useful data from included
studies by using a standard information collec-
tion form with the following items: (1) article
data including first author’'s name, publication
date and country of origin; (2) demographic
data regarding inclusion number, mean or
median age, sex of patients and percentage of
MCP-1 positive; (3) tumor data including tumor
location, histological type, percentage of dis-
tant metastasis, tumor-node-metastasis (TNM)
staging; (4) survival data including OS, DFS; (5)
technology of MCP-1 measurement, cut-off
used for assessing MCP-1 positivity.

Statistical analyses

The effect of MCP-1 expression on OS and DFS
were assessed by calculating the value of haz-
ard ratios (HR) with its corresponding 95% con-
fidence interval (95% CI). For those whose HRs
were not available in the literature, the pub-
lished data including the number of patients at
risk in the negative and positive group, the sur-
vival rate or figures from original studies were
used to estimate the HR via the methods
described by Parmar [20]. If the only exploit-
able survival data were survival curves, we
read them by Engauge Digitizer version 4.1
(free software downloaded from http://source-
forge.net) and extracted survival rate from
them to estimate the HR, 95% Cl and its stan-
dard error (SE). All the data was analyzed by
Stata version 11.0 (Stata Corporation, College
Station, TX, USA). Q-tests and P-values were
assessed to estimate the effect of between-
study heterogeneity in our meta-analyses.
When there was no significant heterogeneity
across the included studies (P-values >0.05),
the fixed effects model was used to calculate
the HR and its 95% Cl according to the method
of Mantel and Haenszel [21]. Otherwise, a ran-
dom-effects model (the DerSimonian-Laird
method) was used. Visual assessment of
Begg’s funnel plots and Egger’s test was used
to assess the possibility of publication bias on
the outcomes.

Results
Study selection and characteristics

By searching in PubMed and EMBASE databas-
es, a total of 1631 references were primary
retrieved and we evaluated 73 candidate stud-
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Records identified through database
searching (n = 1631) (593 studies from
PUBMED and 1038 studies from
EMBASE)

data on overall survival (0OS) [22-
24, 26-32]. Three reports originat-
ed from China, five from Japan, and
three from Europe. The range of
the eligible studies’ mean age was

Duplicates removed (n = 415)

46 to 66. But the percentage of the
number of male was from 0% to

Title and abstracts review (n = 1216)

100% because of the patients with
breast or prostate cancer and men
just accounted for 50% of the

A 4

Obviously different from those
wanted paper (n = 538)

enrolled patients in the 9 studies
with information of gender (Table
1).

A 4

Animal experiments (n = 309)

The positive rate of MCP-1 ranged

from 50.77% to 81.08% in all

MCP-1 (n = 296)

Reported the value
survival of MCPs other than

for studies. The percentage of patient
with distant metastasis of tumor
was reported in 8 articles [22, 23,

A 4

Full article review (n = 73)

25, 26, 28, 30-32] ranging from
3.73% to 43.68%. The percentage
of solid tumors with diameters

No prognostic analysis (n = 51)

more than 5 centimeters was told
in 4 studies [23, 26, 28, 32] and

ranged from 19.54% to 59.70%.

——>| NoHR (n=8)

Patients with stage information

v

Genes of MCP-1 (n = 3)

were reported in six studies
(ranging from 65 to 297) and the

A 4

Effective full articles (n = 11)

Figure 1. Methodological flow chart of the literature search and selec-

tion of included studies.

ies in full text. Upon full articles review, 62 stud-
ies were excluded including 51 studies for no
prognostic analysis, 8 for no usable data and 3
for irrelevant studies. The processes of search
strategy for article were summarized in Figure
1.

Study results

Eleven studies with a total of 1324 patients of
solid tumors (ranging from 56 to 297 per study)
were included into our meta-analysis [22-32],
there were 725 patients with high MCP-1
expression and the remaining 605 patients
with low or undetectable MCP-1 expression. All
of the eleven studies were published in English.

In total, four studies with 677 patients provide
data on disease-free survival (DFS) [24, 25, 27,
29] and ten studies with 1214 patients provide
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ratio in stage Ill and IV was from
40.60% to 79.85%.

Enzyme-linked immunosorbent as-
say (ELISA) was the mostly com-
mon technique used to detect
MCP-1 expression. In the other four
trails, microwave antigen retrieval technique
(MART), cytokine bead array (CBA), immunohis-
tochemical method (IHC) and avidin-biotin com-
plex method (ABC) were also used to assess
MCP-1 separately. Because of the differences
between the detecting technology, the cut-off
value for definition of MCP-1 positive was also
different. The most common cut-off value was
more than 10% of cancer cells stained in each
section [23, 26, 30, 32]. The second principle
to define MCP-1 positive was in line with the
concentration of MCP-1 (from 91 to 3301 pg/
ml) in 5 included studies [22, 25, 27, 29, 31].

Meta-analysis

In the meta-analysis of the effect of MCP-1
expression on overall survival, there was signifi-
cant heterogeneity among those 10 studies
[22-24, 26-32] (I squared = 69.3%), so the ran-
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Table 1. Main characteristics of the studies relating MCP-1 to Patients’ Prognosis

Prognosic biomarker in solid tumor

Distant metastasis

First author (years) Country  Mean age (years) N (Male %) Technology %) MCP-1 + (%) Tumor location Analysis Cut-off for MCP-1 + TNM (+/-)
Qian et al (2012) China 65.5 48 (60.76) ELISA 28.57 55.7 Lung 0S, STAGE >3301 pg/mL 79 (55/24)
Zhang et al (2012) China 60.4 79 (58.96) HIER 3.73 79.85 Lung 0S, STAGE >10% 134 (107/27)
Suguru et al (2011) Japan 66 110 (100) ELISA NR 19.09 Prostate DFS score3to 7 NR

Lu et al (2010) China 46 227 (76) ELISA 24 54 Nasopharynx  0S, DFS, STAGE >311 pg/ml 297 (205/92)
Yoshidome et al (2009) Japan 60.3 55 (63.22) MART 43.68 56.32 Liver 0s >10% NR
JOHN et al (2008) Norway 62.2 NR ELISA NR 78.31 Head and neck  OS, STAGE, DFS >7207pg/ml 65 (34/31)
Hideki et al (2008) Japan 65.2 66 (65.35) ELISA 41.58 50 Ccolorectal 0S, STAGE Ca/N Ratio >1.8 101 (41/60)
Annechien et al (2007) Netherlands 59 0(0) CBA NR 50 Ovarian cancer  OS, PFS, STAGE >253.28 pg/mL 186 (119/67)
Naohiko et al (2004) Japan NR 42 (75) ABC 28.57 55.36 Esophagus 0s >10% NR
Paolo et al (2003) Italy 66 35 (56.14) ELISA 30.4 61.29 Pancreatic 0s >91 pg/ml NR
Takayuki et al (2000) Japan 55 NR ELISA 39.7 48.15 Breast oS >10% NR

Abbreviations: NR, not reported; IHC, immunohistochemistry; MART, Microwave Antigen Retrieval Technique; CBA, Cytokine Bead Array; ABC, Avidin-Biotin Complex method; MCP-1 Ca/N ratio, the cancer tissue MCP-1 concentration divided by

normal mucosa MCP-1 concentration.
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A MCP-1: OS
author (years) Country Location HR (95% CI) Weight
Qian (2012) China Lung —— 2.02(1.24, 3.30) 12.50
Zhang (2012) China Lung —— | | 0.26(0.11,062) 8.69
Lu (2010) China Nasopharynx —— 2.08(1.28,3.38) 12.55
Yoshidome (2009) Japan Liver - 2.96 (1.45, 6.05) 10.23
John (2008) Norway Head and neck —— 1.99(0.95, 4.18) 9.98
Hideki (2008) Japan Colorectal ——3.50 (1.11, 11.06) 6.63
Annechien (2007) Netherlands Ovarian cancer - 1.95(1.27,2.98) 13.12
Naohiko (2004) Japan Esophagus —5.47 (1.72, 17.40) 6.58
Paolo (2003) Italy Pancreatic —— 1.23(0.55,2.73) 9.40
Takayuki (2000) Japan Breast ——3.29 (1.62, 6.65) 10.31
Overall (I-squared = 69.3%, p = 0.001) < 1.95(1.32,2.88) 100.00
NOTE: Weights are from random effects analysis ‘ .
A 12 6

B MCP-1: DFS

author (years) Country Location HR (95% CI) Weight
Suguru (2011) Japan Prostate —-— 2.20(1.01, 4.42) 22.87
Lu (2010) China Nasopharynx =— 1.20(1.15, 3.20) 29.25
John (2008) Norway Head and neck —i 0.37 (0.13,1.07) 15.90
Annechien (2007) Netherlands Ovarian cancer = 1.75(1.15, 2.67) 31.99
Overall (I-squared = 66.6%, p = 0.030) > 1.29 (0.75, 2.22) 100.00
NQOTE: Weights are from random effects analysis

1 12 6

C MCP-1: STAGING

author (years) Country Location HR (95% CI) Weight
Qian (2012) China Lung -1 1.01(0.57, 1.81) 18.10
Zhang (2012) China Lung —+—2.64 (1.16, 6.00) 16.24
Lu (2010) China Nasopharynx —+3.25 (1.30, 8.10) 15.48
John (2008) Norway Head and neck ~: 1.50(1.02, 2.22) 19.27
Hideki (2008) Japan Colorectal ——— 1.84 (0.61, 5.53) 13.97

Annechien (2007)  Netherlands  Ovarian cancer
Overall (I-squared = 85.3%, p = 0.000)

NOTE: Weights are from random effects analysis

| 113.00 (6.24,27.06)  16.94
<> 2.56 (1.23, 5.34) 100.00

A 126

Figure 2. Forrest plots in studies of MCP-1 expression in patients with solid tumor by HR estimation. Clinical staging
and survival data are reported as (A) Overall survival (0S), (B) disease free survival (DFS) and (C) staging.

dom-effect model was used to calculate the
ORs and 95% Cls. We found that compared
with cancer patients with low or negative MCP-1
expression, high concentration of MCP-1 was
associated with a bad prognosis (HR = 1.95,
95% Cl 1.32-2.88) (Figure 2). For DFS in overall
population, the random-effect model also used
because of the obvious heterogeneity (I
squared = 66.6%) and a weak worse prognosis
(HR = 1.29, 95% CI 0.75-2.22) was observed
among patients considered MCP-1 positive.
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The first subgroup analysis was assessed
according to the location of tumors (Figure 3A).
High concentration of MCP-1 was significantly
related to poor OS in patients with digestive
cancer (HR = 2.66, 95% CI 1.44-4.91) and uro-
genital cancer (HR = 2.23, 95% CI 1.61-3.10).
However, three studies reported that there was
no significant correlation between high density
of MCP-1 and OS in patients with respiratory
cancer (HR = 1.10, 95% Cl 0.39-3.11) [22, 23,
25]. Only one study reported that the MCP-1

Int J Clin Exp Pathol 2014;7(7):3876-3886



Prognosic biomarker in solid tumor

A MCP-1: SYSTEM

%
First author (years) Country Location HR (95% CI) Weight D MCP-1: Cut off value
%
Respirat 20{“;“’ China Lung —a—  202(124.330) 1158 First author (years) Country Location HR (85% CI) Weight
dehe G . —_ S B = .
u e ina 350 larynx A .28, 3. " o
Subtotal (I-squared = 80.3%. p = 0.000) T - 110(038,377) 30,96 Q.jae” 313‘62012’ i T I— o 320y i3
JOHN t I (2 2) -~lorwarr Head and neck —e— 1.99(0.95, 4.18 9.03
Dlgeslrve System i Annechlen el aI 007)  Netherlands  Ovarian cancer —— 1.85(1.27, 2.98 12.22
Yoshldome el al g2009) Japan Liver ——a— 2,96 (1.45, 6.05 9.28 Paclo et al (2003) taly Pancreatic —t— 1.23 (0.55, 2.73 8.47
Hideki et al Japan Colorectal ——— 3.50(1.11, 11. 5.83 Subtotal (l-squared = 0.0%, p = 0.853) < 1.92 (151, 2.44 52.91
s B Rt ke
ap e & 2ly ancreatic ] . ‘ Zhang et al (2012 Chi L —_— 0.26(0.11,0.62)  7.78
Subtotal (I-squared =43.5%, p = 0.150) =— 266(1.44,4. 91} 29.36 Yoasﬂugdgn:z o 55009) Ja;lxnaan Liver ——e—s 256 (1.45, s.osi 928
Reproductive d/siem e et 3000y Japan Eaontious R VR
Suguru et al (2011 Japan Prostate —ea— 220(1.01,4.42 9.05 —— 1 ‘54’ 6 :
Am;nechnen etal 5 07) Negherlands Ovarian —— 1.95(1.27, 2.98 12.22 Sublotal {I-squared = 88.9%, p = 0.000} = 1.90(054, 6'57} Sty
Takayuki et al (2000) Japan Breast —e— 329 (1.62, 6.65 9.36 score 3to 7
Subtdtal (l-squared = 0.0%, p = 0.461) <> 223(161,310) 30.64 uru et a Japan Prostate —=— 220(101,442) 9.05
AR (- squared =%, p=.) — 2.20{1.05, 4.50} 9,05
?&aﬂla'}d Te(czkoom N Head and neck —e—  1.99(0.95, 418 9.03 Ca/N Ratio>1.8
] Ay L I ‘ Fiideki et al (2008 J Colorectal ——=— 350(1.11, 11.08) 583
Subtotal (l-squared =%, p =) _ 199&’ 95,4 } 9.03 D ta (heaimed = %, p2 clorecta 3 e 38
Overall (l-squared = 65.9%, p = 0.001) <> 197(1.38,281) 100.00 Overall (l-squared = 65.9%, p = 0.001) <> 1.97(1.38,2.81) 100,00
_NOTE: Weights are from random effects analysis . + . _NOTE: Weights are from random effects
1 A2 8 A 1 2 6
B MCP-1: ELISA C MCP-1: Adenocarcinoma
author (years) Country  Location HR (95% CI) Weight author (years) Country Location HR (95% Cl) Weight
Qian (2012) China Lung - 2.02(1.24, 3.30) 25.44 ; ; B
Suguru (2011) Japan  Prostate 2120 (101, 4.42) 1119 U il el e
" Suguru (2011) Japan Prostate 2.20(1.01,4.42) 11.60
Lu (2010) China ~ Nasopharynx - 2.08(1.28,3.38) 25.93 Hideki (2008) Japan Colorectal 4350 (1.1, 11.06) 4.78
John (2008) Norway Head and neck 1.99 (0.95, 4.18) 11.10 A hi 2007 N F;h Jand Ovari BE 1'95 1'27’ 2 558 3;1 74
Hideki (2008) Japan Colorectal 350 (1.11,11.08) 4.6 nnechien (2007)  Netherlands  Ovarian cancer -95(1.27,2.98) -
Paolo (2003) Italy Pancreatic 1.23 (0.55, 2.73) 950 Paolo (2003) Italy Pancreatic 1.23(0.55,2.73) 9.84
Takayuki (2000)  Japan Breast —-+3.29 (1.62, 6.65) 12.22 Takayuki (2000)  Japan Breast —-43.29(1.62,6.65) 1267
Overall (I-squared = 0.0%, p = 0.667) 9 213(1.67,2.73) 100.00 Overall (l-squared = 0.0%, p = 0.524) ¢ 210(1.63,269)  100.00
NOTE: Weights are from random effects analysis | NOTE: Weights are from random effects analysis |
A 12 6 A 12 6

Figure 3. Forrest plots in studies of MCP-1 expression in patients with solid tumor by HR estimation for OS in subgroups. Survival data are reported as (A) System,
(B) ELISA, (C) Adenocarcinoma and (D) Cut off value.
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A MCP-1: Begg's test

Begg's funnel plot with pseudo 95% confidence limits
2

log[HR]
o
1

B MCP-1: Egger’s test

standardized effect

Egger’s publication bias plot

54

s.e. of: log[HR]

o

o
ra-
Fs

o

precision

Figure 4. Funnel graph of Begg's test (A) and Egger’s test (B) in studies of MCP-1 expression in patients with solid
tumor by HR estimation for the assessment of potential publication bias in Figure 1 (A). No indication of publication
was shown in Begg’s test (P = 0.815) and Egger’s test (P = 0.981) of OS.

density was negatively correlated with extend-
ed survival in patients with head and neck can-
cer (HR = 1.99, 95% Cl 0.95-4.18) [27].

The impact of MCP-1 concentration on clinic-
pathological in patients with different solid can-
cer was further analyzed and described, six
studies told about adenocarcinoma and indi-
cated a bad prognosis (HR = 2.18, 95% Cl 1.72-
2.76) with high concentration of MCP-1 (Figure
3C). To analyze different technology on evaluat-
ing MCP-1, Figure 3B showed an HR of 2.23
(95% Cl 1.67-2.73) by the method of ELISA.
There was also significant difference in the
summary estimate of MCP-1 on overall survival
when cut-off value was in line with the concen-
tration of MCP-1 (HR = 1.92, 95% Cl 1.51-2.44),
especially when it is above 10% (HR = 1.90,
95% Cl 0.54-6.67) (Figure 3D).

TNM staging is connectted with the prognosis
of tumors closely [33, 34]. Therefore, it is nec-
essary to analyze the value of MCP-1 sub-
grouped by TNM staging. In Figure 2C showed a
statistically significant HR of 2.56 (95% Cl 1.23-
5.34). At last, subgroup analysis was performed
according to countries. In Asian countries, with
8 studies evaluable, showed a significant HR of
2.09 (95% Cl 1.25-3.49), and European coun-
tries showed an HR of 1.81 (95% CI
1.29-2.53).

Evaluation of publication bias
Visual assessment of Begg’s funnel plots and

Egger’s test was used to assess the possibility
of publication bias on the outcomes in all stud-
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ies evaluating OS, DFS staging separately, and
evaluation was also performed in sub-group
analysis. Begg's funnel plot did not find any evi-
dence of asymmetry in overall meta-analysis of
0OS (P = 0.815), DFS (P = 0.174) and staging (P
= 0.573) (Figure 4). In addition, no indication of
publication was shown in Egger’s test of OS (p
=0.981), DFS (P = 0.387), staging (P = 0.365).
For those sub-groups, there were also no sig-
nificant evaluation of publication bias shown
from Egger’s or Begg's test.

Discussion

So far, plenty of original articles and reviews
have studied the prognostic value of MCP-1 in
solid tumors [8, 11, 32, 35] and addressed the
importance of MCP-1 on survival, which made
it necessary to perform a quantitative aggrega-
tion of the survival results. According to the lit-
erature we found by searching the PubMed
(MEDLINE) and EMBASE, this is the first study
conducted by meta-analysis to clarify the prog-
nostic value of MCP-1 for OS and DFS in
patients with solid cancer. The results of our
meta-analysis show that compared with cancer
patients with low or negative MCP-1 expres-
sion, the high MCP-1 expression in solid tumors
is a worse prognostic factor with statistical sig-
nificance for OS (HR = 1.95, 95% CI 1.32-2.88),
which suggests a 1.95-fold higher OS for can-
cer patients with the positive detection of MCP-
1. This final result about OS is consistent with 9
of 10 included studies with a HR above 1. No
significant effect on poor DFS (HR = 1.29, 95%
Cl 0.75-2.22) was observed among patients

Int J Clin Exp Pathol 2014;7(7):3876-3886



Prognosic biomarker in solid tumor

considered MCP-1 positive. Using Begg'’s,
Egger's test and funnel plot, we regard an
absent publication bias in our analysis. Ther-
efore, the findings from our meta-analysis sug-
gest that MCP-1 expression is an effective bio-
marker of prognosis in patients with solid
tumors. These results may provide further
basis for the development of new marker for
cancer prognosis and for the development of
anti-angiogenic drugs for cancer therapy.

With the deepening study of cancer pathophys-
iology and the characteristic of MCP-1, the
value of MCP-1 in cancer has drawed our atten-
tion. The expression of MCP-1 at least contains
four following aspects of biological effects on
solid tumors growth: first, MCP-1 can promote
the infiltrating of Tumor-associated macro-
phages (TAM) in the tumor tissues. Most
authors think that the differentiation and matu-
ration of TAM can activate the transcriptional
program by hypoxia-inducible factor 1 (HIF-1)
and Nuclear factor kB (NF-kB), then secrete
IL-1, IL-4, IL-10, TNF-a, VEGF and MMP, which
promote the growth, invasion and metastasis
of tumor cells [36-38]. Second, recent studies
have reported that MCP-1 has a biological
effect on promoting angiogenesis [39-43] in
two ways. On the one hand, MCP-1 recruits
TAM into the tumor tissues and secrete VEGF,
TGF-B, other angiogenesis factors and ELR +
CXC chemokine, which stimulates angiogene-
sis indirectly. In the test of bird chorio allantoic
membrane (CAM) and rat aorta germination
test, MCP-1 still promote the generation of new
blood vessels on the base of exclusing inflam-
matory cell infiltration [37, 38, 43]; On the other
hand, MCP-1 acts with CCR2 receptors directly
on vascular endothelial cell membrane and
guides the directional movement of vascular
smooth muscle cells [44-46]. Third, MCP-1 may
play a similar role as growth factor and has a
direct effect on tumor cells to promote growth
and survival of tumor cells. It was reported by
Song G that CXCL12/CXCR4 can inhibit the
apoptosis of tumor cell and promote the cell
growth by activatinc the Akt/PKB signaling
pathway [47]. And MCP-1 is able to activate the
IP3-dependent Akt/PKB signaling pathway.
Fourth, MCP-1 not only induces TAM into tumor
tissues to secrete VEGF, TGF-B, TNF-a« and
other cytokines that promote the growth of
tumor cells and angiogenesis [47], but also
secrete matrix metalloproteinases 2 (MMP2)
and matrix metalloproteinases 9 (MMP9),
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involved in the destruction and reconstruction
of extracellular matrix, to promote tumor cell
invasion and metastasis.

As we all know, tumor marker works better with
specific. Carcinoembryonic antigen (CEA) mea-
surement is mainly used as a tumor marker of
monitor colorectal carcinoma treatment to
identify recurrences after surgical resection
[48]; Alpha-fetoprotein (AFP) is the specific
markers of the diagnosis of primary liver cancer
[49]. To further investigate the prognostic value
of MCP-1 in different site of cancer and exam-
ine the specificity of MCP-1, we analyzed the
relation between the density of MCP-1 and
tumor-location factors that was also associat-
ed with outcome of cancer patients. In most
cancers including digestive and urogenital can-
cers, even head and neck cancers, high con-
centration of MCP-1 was significantly related to
poor OS in patients. However, three studies
reported that there was no significant correla-
tion between high density of MCP-1 and OS in
patients with respiratory cancer (HR = 1.10,
95% Cl 0.39-3.11). These results indicate that
MCP-1 can be a helpful tumor marker of prog-
nosis in patients with digestive and urogenital
cancers, even head and neck cancers, other
than respiratory cancer.

To further investigate the prognostic value of
MCP-1 in different site of cancer, we analyzed
the relation between the density of MCP-1 and
clinic-pathological factors that was also ass-
ociated with outcomes of cancer patients. In
the 11 eligible studies, seven of these studies
told about adenocarcinoma and indicated a
bad prognosis (HR = 2.10, 95% CI 1.63-2.69).
In general, we consider HR >2 that means
strongly predictive [50]. These results indicated
that high density of MCP-1 has a negative effect
on survival in patients with solid tumor,
especially for patients with adenocarcinoma.

The results of meta-analysis are considered as
gold standards by authors worldwide [51-53],
however, there are several limitations of the
meta-analysis and that might present a poten-
tial source of variability of meta-analysis. The
first main limitation in our meta-analysis was
the item of primary outcome. Different speci-
men from tissue or plasma, different survival
rate, different methods (IHC, ELISA, ABC or
CBA) identify MCP-1 expression and no stan-
dard of cut-off value brings variability for MCP-1
positive and negative. These differences may
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cause the obvious between-study heterogene-
ity among those eleven studies in the meta-
analysis of the effect of MCP-1 expression.
Therefore, to provide further evidence for the
prognostic role of MCP-1 expression in patients
with solid tumors, more studies that are well
designed and having the same items of primary
outcome are needed. Second, a phenomenon
of “file-drawer problem” might appear because
the included articles are all published in
English. It means that positive studies would be
easier to be accepted by editors of English
magazine while negative studies are often pub-
lished in native languages or even not received
by the journal [54-56], which could arise publi-
cation bias in our meta-analysis and overesti-
mate the prognostic significance of MCP-1 in
cancer [57].

In conclusion, MCP-1 can be regarded as a
prognostic marker for solid tumors, especially
for OS, and may represent as important new
therapeutic targets, which was supported by
our meta-analysis. To achieve a more definitive
conclusion enabling the clinical use of MCP-1 in
cancer, we need more high-quality intervention-
al original studies following agreed research
approach or standard.
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