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Summary

Purpose: Chemokine (C-C Motif) Ligand 18 (CCL18) is
a chemotactic cytokine involved in the pathogenesis and
progression of various cancers by activating downstream
signaling pathways and affecting cellular behaviors. We
conducted a meta-analysis to evaluate the CCL18 as a
prognostic marker for cancer and determine the relationship
between CCL18 and clinicopathological features of cancer.

Methods: We searched the PubMed, Cochrane, Embase,
Web of Science and SinoMed databases for publications to
investigate the association between CCL18 expression and
survival outcome in cancer. Hazard ratios (HRs) and 95%
confidence intervals (CI) of overall survival (OS) were pooled.
Odds ratios (ORs) of clinicopathological features were com-
puted. Meta-analysis was performed using STATA 12.0
software.

Results: Our meta-analysis identified a total of 17 studies
including 2829 cases. Meta-analysis revealed that the ex-
pression of CCL18 in various cancer tissues was significant-

Introduction

Cancer is becoming the leading cause of death
in the developed world and the second leading
cause in the developing world; this accounts for ap-
proximately 13% of deaths worldwide [1]. With the
in-depth study of cancer, studies have shown that
tumor microenvironment plays a key role in tumor
growth and proliferation by providing the biomark-

ly higher than that in the normal group (OR=16.694, 95%
CI=14.117-27.476, p<0.01, random effects). The abnormal
expression of CCL18 was associated with lymph node me-
tastasis (OR=4.409, 95% CI=2.129-9.128, p<0.01, random
effects) and TNM stage (breast cancer subgroup: III+IV vs
I+II OR=13.187, 95% CI=8.417-20.660, p<0.01; gastric can-
cer subgroup: I1I+IV vs I+II OR=0.034, 95% CI=0.008-0.137,
p<0.01) but is was not related to gender (male vs. female:
OR=0.88, 95% CI=0.667-1.162, p=0.368) and age (>00 vs.
<60 years: OR=1.118, 95% CI=0.795-1.571, p=0.522). CCL18
overexpression was associated with poor overall prognosis
of breast cancer (Hazard Ratio/HR=2.969, 95% CI=1.361-
0.478, p<0.01, random effects).

Conclusions: CCL18 is highly expressed in cancer tissues
and is closely related to tumor metastasis and prognosis,
and its role in tumor development is worth of further study.

Key words: cancer, CCL18, immunohistochemistry, meta-
analysis, prognosis

ers for the occurrence, development, invasion and
metastasis of cancer [2,3], including growth fac-
tors, cytokines and chemokines secreted by both
tumor and stromal cells [4].

The Chemokine (C-C motif) ligand 18 (CCL18)
belonging to the CC chemokine family is pre-
dominantly produced by monocyte-derived cells
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with M2 phenotype and is located at chromosome
17q11.2 with a molecular weight of about 8-10x103
kDa [5]. Numerous studies have demonstrated
that CCL18 is expressed constitutively in ovarian
cancer, gastric cancer, glioma and non-small cell
lung cancer [6-9], and could promote cancer cell
growth and invasion [10-13], suggesting CCL18
may contribute largely to cancer development and
progression. However, the role of CCL18 in cancer
progression is controversial. For example, CCL18
participates in immunosuppression of antitumor
response in ovarian cancer [14], while it corre-
lates positively with prolonged survival in gastric
cancer patients [15]. Therefore, we conducted this
meta-analysis of the association of CCL18 expres-
sion with the survival and clinicopathological fea-
tures in cancer to examine the exact relationship
between CCL18 expression and cancers.

Methods

Search strategy

We searched PubMed, Cochrane Embase, Web of
Science and SinoMed databases from inception up to
March 20, 2017. The following search strategies were
used for search: PubMed: Search (“CCL18 protein, hu-
man” [MeSH]) OR (AMAC-1 protein, human) OR (CC
chemokine PARC, human) OR ( DC-CK1 protein, hu-
man) OR ( MIP-4 protein, human) OR (PARC chemokine,
human) OR (pulmonary AND activation-regulated
chemokine, human) OR (SCYA18 protein, human) OR
(small inducible cytokine subfamily A, member 18
protein, human) OR (alternative macrophage activa-
tion-associated CC-chemokine 1, human) OR ( DCCK1
protein, human) AND (“Neoplasms”’[Mesh]) OR (Neo-
plasias) OR (Neoplasm) OR (Tumors) OR (Benign Neo-
plasms) OR (Neoplasms, Benign) OR (Malignancies) OR
(Cancers).

Additional records identified through
other sources

Pubmed 47 Embase 193

Cochrane 7 CNKI 49

Sinomed 40 Wanfang 19

VIP 21 Web of Science 19
(n=395)

Records after duplicates removed (n=322)

Publications retrieved after review of abstracts

Records excluded

(n=277)

Records identified for full-text
review (n=45)

Records excluded for: Animal experiment (n=1)

No control group (n=7)

Basic research (n=15)

Review, report, conference

record (n= 5)

(n=17)

Studies included for meta-analysis

Figure 1. The flowchart of retrieval and selection of studies.
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Selection criteria

The selected literature should meet the follow-
ing inclusion criteria: (1) retrospective or prospective
cohort studies, (2) publication focused on the relation-
ship between CCL18 and cancer, (3) the determination
of CCL18 protein in cancer tissue using immunohisto-
chemistry (including ELIVISION method, SP method
and SABC method), (4) articles containing sufficient
published data to estimate the ORs value and 95% CI
or HR, (5) the Chinese literature should have been pub-
lished in official scientific Journals.

Data extraction

Two reviewers independently extracted informa-
tion from the retrieved papers to reduce the bias and
enhance the credibility with a predesigned Excel sheet.
The following information was extracted: name of the
first author, publication time, country, total number of

patients, recruitment time, follow-up duration, tumor
type, clinicopathological features, antibody epitope,
method and score for its evaluation, cutoff for consider-
ing CCL18 overexpression, positive rate, HR, and 95% CI.
If HR and their 95% CI were not reported, we extracted
data from Kaplan-Meier curves to estimate the HR ac-
cording to the proposed method as described previously
[16]. The Kaplan-Meier survival curves were read by En-
gauge Digitizer version 8.1.

Quality assessment

Quality assessment was performed in each eligi-
ble study using the Newcastle-Ottawa Scale (NOS) [17].
This tool has been developed to assess the quality of
non-randomized studies and relied on three aspects: 1)
subject selection: 0-4; 2) comparability of subject:0-2; 3)
clinical outcome:0-3. A study with a score of at least 5
was considered of high quality.

Study %

ID OR (95% CI) Weight
I

Gastric cancer 1

Yin WH (2005) — 206.24 (11.60, 3666.67)  7.49

Wu'Y (2006) —_— 75.25 (15.46, 366.21) 9.14

Lin YS (2009) —_— 12.05 (5.37, 27.07) 9.84

Subtotal (I-square= 72.1%, p= 0.028) -c:::;::- 41.42 (7.21, 238.02) 26.47
I

Breast cancer :

Gao J (2013) o 333.67 (19.27,5778.90) 752

Zhang XS (2013) — 296.06 (17.57, 4988.44) 756

Hu ZJ (2013) — 347.55 (20.66, 5845.74)  7.56

Gao J (2015) . - 663.00 (39.36, 11168.85) 7.56

Lu JX (2016) — 420.71 (20.57, 8604.98)  7.30

Subtotal (I-square= 0.0%, p= 0.996) il 394.29 (109.47, 1420.12)  37.51
I
I

Hepatic carcinoma :

Yu H (2013) " + 655.95 (37.27, 11545.73)  7.50

Subtotal "'J'r::::' 655.95 (37.27, 11545.73) 7.50
I

Pancreatic cancer :

Meng F (2015) — ! 0.65 (0.31, 1.37) 9.88

Subtotal P | 0.65 (0.31, 1.37) 9.88
I
I

Ovarian cancer !

Gao N (2016) —_— 57.00 (15.54, 209.10) 9.44

Subtotal .qﬁp. 57.00 (15.54, 209.10) 9.44
I

NSCLC |

Zhong LJ (2016) —_— 17.67 (3.82, 81.80) 9.20

Subtotal .:::::.; 17.67 (3.82, 81.80) 9.20
I

Overall (I-square= 90.5%, p= 0.000) ¢=~ 79.09 (16.87, 370.89) 100.00
1

NOTE: Weights are from random effects analysis :

I I

8.7E-05 1

11546

Figure 2. Forest plot showing the OR of CCL18 overexpression vs. normal CCL18 expression in different types of cancer

subgroups.
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Statistics

The meta-analysis was performed using STATA
version 12.0 (StataCorp, College Station, Texas, USA).
Combined ORs and their 95% CIs were used to evaluate
the association between CCL18 and clinicopathological
features (age, gender, tumor size, lymph node metasta-
sis and tumor stage). The prognostic Pooled HRs of OS
and their 95%CI were calculated to assess the prognostic
value of CCL18 in the patients with cancer. Heteroge-
neity assumption was tested using the chi-square test
based on the Q statistic. Py<0.10 revealed significant
heterogeneity. The pooled HR or OR were obtained by
using a random-effect model. Otherwise, a fixed-effect
model was used. What is more, we quantified the het-
erogeneity by I2 metric (12<25%, 25%=<I2<50%, 12>50%,
represented low, moderate, and extreme heterogeneity,
respectively). In addition, sensitivity analysis was tested
by using the “metaninf” STATA command to evaluate
the influence of a single study on overall estimate after
sequential exclusion of each individual study. Further-
more, the Begg’s test was used to judge the publication
bias in the literature, and used the fill and trim method
to further analyze the impact of publication bias on the
effect. It was considered statistically significant with a
p value less than 0.05.

Results

Search results and characteristics of included studies

The flowchart of retrieval and selection of
studies is shown in Figure 1. Identified were 395
articles in total after the primary computerized lit-
erature search. After analyzing all of articles with
the inclusion and exclusion criteria, 17 studies
were finally included in this meta-analysis to as-
sess the prognostic value of CCL18 expression in
cancer [18-34]. The characteristics of these studies
are shown in Table 1. Among the selected studies,
14 showed the specific antibodies for the detection
of CCL18 expression with immunohistochemistry,
but the remaining 3 didn’t report what kind of an-
tibodies they used [21,22,26]. In addition, the cutoff
value of CCL18 was different due to various cri-
teria. Six studies [19,21,22,25,29,32] defined posi-
tive cutoff value higher than 10%, another 5 stud-
ies [20,23,24,26,28] identified more than 5* cells
as positive at high magnification, and the other
5 studies [27,30,31,33,34] used the multiplication
of the staining intensity to the number of stained
cells as criterion. All selected articles were retro-
spective cohort studies and were of high quality as
per the NOS quality criteria.

Expression of CCL18 in cancer tissues

To explore the relationship between CCL18
protein expression and cancer, 12 studies were
subjected to pooled analysis. As shown in Figure
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2, CCL18 overexpression was correlated with can-
cer tissue but not with adjacent non-tumor tissue
(OR=19.694, 95% CI=14.117-27.476, p=0.000) with
significant heterogeneity (I2=90.5%, p=0.000). Fur-
ther subgroup meta-analyses demonstrated that
these inconsistent findings of CCL18 expression
might be due to the heterogeneity by cancer types.
Positive correlation of CCL18 and cancer was ob-
served in both breast cancer tissues (OR=357.537,
95% CI=98.147-1302.459, p<0.01) and gastric can-
cer (OR=95.093, 95% CI=23.765-380.496, p=0.000).
There was no heterogeneity in breast cancer
(I?=0.0%, p=0.996), while a significant heteroge-
neity in gastric cancer was observed (12=72.1%,
p=0.028).

Association of CCLI8 with clinicopathological
parameters

To further understand the role of CCL18 as a
prognostic biomarker, we investigated the associa-
tion between CCL18 expression and clinicopatho-
logical parameters of cancer by using a random
effects model. As shown in Table 2 and Figure 3,
CCL18 overexpression across 4 types of tumors
(breast, [19,24-26,28,29,31] pancreatic [18], ovarian
[30], and non-small cell lung cancer [32,33]) was
significantly associated with lymph node metas-
tasis (OR=4.409, 95% CI=2.129-9.128, p<0.01), but
not significantly associated with age (OR=1.118,
95% CI=0.795-1.571, p=0.522), sex (OR=0.88, 95%
CI=0.667-1.162,p=0.368) and tumor size (OR=0.518,
95% CI=0.202-1.329, p=0.171). Even though het-
erogeneity in TNM stage between these studies
(I?=93.2%, p=0.000) was observed, CCL18 overex-
pression was associated with advanced TNM stage
in breast cancer (III+IV vs I+II: OR=13.187, 95%
CI= 8.417-20.660, p<0.01), while high CCL18 ex-
pression tended to be inversely associated with
advanced TNM stage in gastric cancer (III+IV vs
I+II: OR=0.034, 95% CI= 0.008-0.137, p<0.01).

Correlation between CCL18 expression and survival
outcome

To investigate the correlation of CCL18 ex-
pression with OS in cancer patients, 5 studies
including 2 with breast cancer [19,20], one with
colorectal [20], pancreatic [18] and ovarian can-
cer [30], were assessed by pooled analysis. Our
results demonstrated that CCL18 overexpression
was not associated with OS (p=0.099) but there
was obvious heterogeneity (I12=82.9%, p=0.000)
among these studies. However, CCL18 overexpres-
sion was associated with poor prognosis of breast
cancer (HR=2.969, 95% CI=1.361-6.478, p=0.000),
and there was moderate heterogeneity between
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Table 1. Main characteristics of the selected studies in the meta-analysis

Reference  Country Type of cancer Measurement No of Antibody (company) HR Cut-off NOS
method patients (95% CI)
Yin WH China Gastric cancer THC 75 No (R&D, USA) N >10% 6
(2005)
WuY China Gastric cancer IHC 90 No (R&D, USA) N =210% 6
(20006)
Lin YS China Gastric cancer IHC 138 Rabbit anti-human CCL18 N >5% stained 5
(2009) polyclonal (Peprotech, USA) cells
Chen J China  Breast cancer IHC 623 Mouse anti-human 244 =210% 6
(2011) monoclonal CCL18 antibody (1.54-3.87)
(R&D, USA)

Gao]J China  Breast cancer IHC 109 Rabbit anti-human CCL18 N >5% stained 5
(2013) polyclonal (Abcam, UK) cells
Zhang XS  China  Breast cancer IHC 140 Rabbit anti-human CCL18 N =10% 6
(2013) polyclonal (Abcam, UK)
Hu ZJ China  Breast cancer IHC 150 No (DAKO Denmark) N =5% stained 5
(2013) cells
Yu H China Hepatic IHC 120 Goat polyclonal N >3 scores 6
(2013) carcinoma IgG to MIP-4
Yuan R China Colorectal IHC 371 Rabbit anti-human CCL18 0419 =5% stained 7

(0.256-
(2013) cancer polyclonal (Peprotech, USA) cells

0.685)
Gao]J China  Breast cancer IHC 179 Primary antibody against N >5% stained 7
(2015) CCL18 (Abcam, UK) cells
Meng F China Pancreatic IHC 124 Rabbit anti-CCL18 1.52 19.5 cells/40x 7
(2015) cancer (Abcam, UK) (0.75-3.08) magnification
Ye XG China  Breast cancer IHC 94 Rabbit anti-human CCL18 (1 6'636 4. =10% 5
(2015) polyclonal (Abcam, UK) 33.13)
Gao NN China Ovarian cancer IHC 120 Rabbit anti-human CCL18 3.1 =6 scores 7
(2010) polyclonal (R&D, USA) (1.51-5.61)
Lu JX China Breast cancer IHC 65 Rabbit anti-human CCL18 N >6 scores 5
(2010) polyclonal (Abcam, UK)
Zhong L]  China Non-small-cell IHC 100 Rabbit anti-human CCL18 N =10% 7
(2010) lung cancer polyclonal (R&D, USA)
Shi L China Non-small-cell IHC 241 Anti-macrophage N 55 scores 7
(2010) lung cancer inflammatoty protein (Abcam, B
UK)

Xiao J China OSccC IHC 90 Antobodies against CCL18 N =1 scores 7
(2010) (Abcam, UK)

Note:the percentage of stained cells were calculated; positive: >10%; Pthe microscopic fields (400x) from the greatest accumulation
of positive signals (hotspots) were selected. The values of stained cells were calculated; positive: =5 stained cells; “final scores were
the product of the score for staining intensity (range O to 3) and staining cell numbers [range O to 4:0 (0%);1 (1-25%); 2 (26-50%);
3 (51-75%); 4 (>75%)]. Positive: =3 scores; 4the microscopic fields (40x) were selected. The values of stained cells were calculated;
positive: =19.5 stained cells. *final scores were the product of the score for staining intensity (range O to 3) and staining cell numbers
[range O to 4:0 (0-5%);1 (6-25%); 2 (26-50%); 3 (51-75%); 4 (>75%)]. Positive : =6 scores; ffinal scores were the sum of the score for
staining intensity (range O to 2) and staining cell numbers [range 1 to 3:1 (1-10%; 2 (11-49%); 3(51-100%)]. Positive: =2 scores; &final
scores were the product of the score for staining intensity (range O to 3) and staining cell numbers [range O to 4:0 (0%);1(1-10%);
2 (11-50%); 3 (51-80%); 4 (81-100%)]. Positive: =5 scores; “five microscopic fields (400x) were selected and the final scores were the
product of the score for staining intensity (range O to 3) and staining cell numbers [range O to 3:0 (1-5%);1 (5-30%); 2 (31-70%); 3
(71-100%)]; Positive : =3 scores.
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Study % Study %
D OR (95% Cl)  Weight |p OR (95% CI)  Weight
Chen J (2011) : —— 1379(9.12,2086) 1616 peng F (2015) ; 150(053,426) 927
Zhang XS (2013) | 15.24 (5.02,46.23)  12.21 |

: Ye XG (2015) —_— 0.66 (0.28,1.58)  20.31
Hu ZJ (2013) ———e 1.58 (0.52, 4.85) 12.15 :

. Gao N (2016) 3 1.16(0.40,3.35)  10.11
Gao J (2015) B 4.13(0.78,21.78)  9.02 !
Meng F (2015) i 276(0.85, 8.97) 1179  Zhong LJ (2016) 1.41(0.56,3.60)  11.74
Ye XG (2015) —_—— 4.33(1.80,10.43) 1366  ShiL (2016) —_— 1.13(0.68,1.89)  43.88
Gao N (2016) — 1.40 (0.48, 4.08) 1247 ing X (2016) 3 1.36(0.31,606) 468
Zhong LJ (2016) —_— 4.23(1.47,1216) 1255 .
Overall Overall <:> 1.12(0.80,1.57)  100.00

- = 0.0%. p= U
(I-square= 78.5%, p= 0.000) O 4.41(2.13,9.13) 100.00  (I-square= 0.0%, p= 0.845) .
NOTE: Weights are from random :
effects analysis H
T T T

T
0216 1 462 165 1 6.08

Study % Study %
D OR (95% CI) Weight |p OR (95% Cl) Weight
Yuan R (2013) 0.94 (0.65, 1.36) 55.02 Chen J (2011) - — 13.79(9.12, 20.86) 16.16
Zhang XS (2013) ———— 15.24 (5.02, 46.23) 12.21
Meng F (2015) - 0.93 (0.29, 3.02) 5.43 H
v Hu ZJ (2013) —_— 1.58 (0.52,4.85)  12.15
Zhong LJ (2016) 053(0.19,1.48)  9.83 Gao J (2015) B — 4.13(0.78,21.78)  9.02
Meng F (2015, [ S 2.76 (0.85, 8.97, 11.79
Shi L (2016) —_— 0.90 (0.53,1.54)  26.54 9 F (2018) : ¢ )
' Ye XG (2015) — 4.33(1.80,10.43)  13.66
i L H
Jiang X (2016) ¢ 069(013,376)  3.18 Gao N (2016) R S — 1.40(0.48,4.08) 1247
Overall C> 0.88 (0.67, 1.16) 100.00 Zhong LJ (2016) —_— 4.23(1.47,12.16) 1255
(l-square= 0.0%, p= 0.888) Overall :
(I-square= 78.5%, p= 0.000) <> 441(213,913)  100.00
NOTE: Weights are from random H
effects analysis |
T T T T
125 1 7.99 0216 1 462
Study %
D OR (95% CI) Weight
Gastric cancer :
Yin WH (2005) — i 0.03 (0.00, 0.53) 8.68
Wu Y (2006) —_—— 1 0.04 (0.01, 0.17) 16.83
Subtotal (I-square= 0.0%, p= 0.895) o : 0.03 (0.01, 0.14) 25.51
1
Breast cancer :
Chen J (2011) ' - 3 12.85 (7.93,20.81) 868
Gao J (2015) e 15.83 (0.83, 301.47) (.34
Zhang XS (2013) L ——— 15.58 (4.02, 60.36)  1.04
Subtotal (I-square= 0.0%, p= 0.996) . < 13.23 (8.43,20.75)  10.06
1
Hepatic carcinoma :
Yu H (2013) —_— 0.47 (0.1, 1.99) 461
Subtotal <:>! 0.47 (0.11, 1.99) 461
1
Colorectal carcer :
Yuan R (2013) — 0.67 (0.43, 1.05) 41.12
Subtotal <o 0.67 (0.43, 1.05) 41.12
'
1
Pancreatic cancer |
Meng F (2015) —— 2.29(0.80,6.53)  4.01
Subtotal - 2.29(0.80, 6.53) 4.01
1
Ovarian cancer :
Gao N (2016) —— 1 0.20 (0.06, 0.62) 11.28
! 0.20 (0.06, 0.62 .
Subtotal _ | ! ( ) 11.28
1
Non-small cell lung cancer !
Zhong LJ (2016) —_— 4.24(1.40,12.86) 291
Subtotal - 4.24 (1.40,12.86)  2.91
1
1
Oral squarmous cell carcinoma ]
Jinag X (2016) —,,— 8.38 (0.46, 153.69) 0.49
Subtotal —— 8.38 (0.46, 153.69)  0.49
1
Overall (I-square= 93.2%, p= 0.000) O 1.92 (1.54, 2.39) 100.00
1
L
T T
.00155 1 646

Figure 3. Forest plots showing the OR of CCL18 overexpression vs. normal CCL18 expression for clinicopathological
features. (A) Lymph node metastasis; (B) age; (C) Sex; (D) Tumor size; (E) TNM stage.
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these 2 studies [19,29] (12=28.1% p=0.238) when
only breast cancer studies were included in the
analysis.

Sensitivity analysis and publication bias

Based on the results of computed OR in Figure
4, the estimated pooled mean and the correspond-
ing 95% CI of the combined effects with one ex-
clusion study was similar with the overall pooled
OR and its corresponding 95% CI. This indicated
that no individual study was dominant over the
results. The publication bias of the included stud-
ies was evaluated through funnel plots and Egger’s
tests. No publication bias affecting the HRs for OS
was registered in the included studies (p=0.496,
Figure 5A). However, the funnel was asymmetric
and the publication bias was obvious when CCL18
expression was analyzed in cancer tissues, but fur-
ther sensitivity analyses of Trim and Fill Method

indicated the result was reliable (Figure 5B). Fi-
nally, we also analyzed the pooled HRs by using
two ways of HR extraction, and we found no major
deviations.

Discussion

Cancer, particularly tumor metastasis, is the
main cause of malignancy-related mortality world-
wide, thereby, it is important to establish effective
targeted therapies by identifying biomarkers/
molecular targets involved in tumor metastasis
or prognosis of cancer. Among these biomarkers,
CCL18, an important chemokine, may play a criti-
cal role on the prediction of cancer prognosis [35].
As demonstrated previously, CCL18 contributes to
cancer progression and migration through regu-
lating tumor microenvironment, including tumor
growth, metastasis and invasion of several solid

Table 2. Meta-analysis of CCL18 overexpression and clinicopathological features in cancer

Clinicopathological parameters OR CI p Heterogeneity Effect model
Lymph node metastases 4.409 2.129-9.128 <0.01 12=78.5% p<0.01 Random effect
Age 1.118 0.795-1.571 0.522 12=0% p=0.845 Fixed effect
Gender 0.88 0.667-1.162 0.368 12=0% p=0.888 Fixed effect
Tumor size 0.518 0.202-1.329 0.171 12=69.4% p=0.020 Random effect
TNM stage
Breast cancer 13.187 8.417-20.660 <0.01 12=0.0% p=0.959 Random effect
Gastric cancer 0.034 0.008-0.137 <0.01 12=0.0% p=0.895 Random effect
Yln WH (2005) O .................................. l
Wu Y (2006) pirse |
Lin YS (2009) ........ O ....................................... l
GaOJ (2013) { ........................... o .................................
Zhang XS (2013) ' sfonteiiin s i i O cesvshasiii e
Hu ZJ (2013) | ................................. O S —— [
Yu H (2013) S &l
Gao J (2015) || S R A I
Meng F (2015) oo ssrermngesmsiin N YRR SO |
Gao NN (2016) [ 6 [
Lu JX (2016) [soreefeommsss s @ o I
Zhong LJ (2016) [ o G i —
1
131.07 156.53 257.14 357.76  401.45

Figure 4. Effect of individual studies on pooled OR for CCL18 overexpression vs. normal CCL18 expression cancer.
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A B
Begg's funnel plot with pseudo 95% confidence limits Filled funnel plot with pseudo 95% confidence limits
3 8
2 6 -
g g
24 g4 <
g 2
2 -
0 [+
0
-1 )
0 2 6 8 0 5 1 15

4
s.e. of: log[var2]

s.e. of: theta, filled

Figure 5. (A) Funnel plots in the analysis of correlation between CCL18 expression and survival outcome. (B) Funnel
plot of Trim and Fill Method in the analysis of expression of CCL18 in cancer tissues.

human cancers [36,37]. This suggests that the ex-
pression of CCL18 on cancer cells may work as a
key biomarker to indicate the metastatic propen-
sity of cancer cells. Our meta-analysis revealed
that CCL18 was highly expressed in cancer tissues
and was statistically significant compared with the
control groups. In concordance with our findings,
Wang et al. reported that both serum levels and
tissue levels of CCL18 expression in ovarian can-
cer patients are elevated [38,39], while Rajy et al.
reported that CCL18 expression is higher in gas-
tric cancer tissues than in normal tissue by immu-
nohistochemistry and Tissue Microarrays (TMA)
[40], suggesting that CCL18 may be a critical fac-
tor influencing cancer progression. In addition,
we also found that the association between CCL18
overexpression and cancer had an obvious het-
erogeneity (12=90.5%, p=0.000). Further subgroup
meta-analysis has shown that there is no hetero-
geneity in breast cancer (12=0.0%, p=0.996) but an
obvious heterogeneity in gastric cancer (12=72.1%,
p=0.028), indicating the expression of CCL18 in
cancer may be tissue-specific. Our results are not
consistent with Weidenbusch et al. study, who re-
ported that CCL18 expression in Osteosarcoma is
significantly lower than healthy people by protein
expression profile [41]. In general, the expression
of CCL18 is associated with the occurrence of can-
cer, and more studies are needed to fully confirm
this correlation.

Meanwhile, we also assessed the associations
between CCL18 expression and clinicopathologi-
cal characteristics in human cancer. The results
showed that increased CCL18 expression was sig-
nificantly associated only with tumor lymph node
metastasis, but not with age, sex and tumor size;
this suggested that CCL18 may play an important
role in tumor metastasis. Our meta-analytical re-
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sults were supported by research evidence-based
molecular mechanism. Wang et al. found that
CCL18 levels are positively correlated with the me-
tastases of ovarian cancer patients and overexpres-
sion of CCL18 results in enhanced migration and
invasion of the Skov3 ovarian cancer cells [39]. Lin
et al. found CCL18/PITPNM3 enhances the migra-
tion, invasion and EMT through NF-kB signaling
pathway in hepatocellular carcinoma [42]. Addi-
tionally, Song et al. demonstrated that CCL18 pro-
motes invasion and metastasis by inducing EMT
and activating the NF-kB pathway in tumor cells;
more interestingly, they also revealed granulocyte-
macrophage colony stimulating factor (GMCSF),
a cytokine induced by CCL18, triggers a feedback
loop to enhance CCL18 production from tumor-
associated macrophages [43].

Since obvious heterogeneity was detected
when we compared the expression of CCL18 with
tumor TNM stage, we further performed subgroup
analyses to explore whether the significant hetero-
geneity is due to cancer type. Our results showed
that elevated CCL18 expression is positively asso-
ciated with advanced TNM stage in breast cancer,
while is negatively associated with advanced TNM
stage in gastric cancer. Besides, we found that
CCL18 overexpression in breast cancer patients is
also associated with a poor OS, which is consistent
with previous studies [39,43]. However, for the ob-
vious heterogeneity among different cancers, one
possible explanation is CCL18 acts differentially
through multiple regulatory machinery depending
on cancer type. Therefore, further large-scale re-
search in different tumors should be needed to de-
fine reliably the prognostic significance of CCL18
in cancer.

There are some limitations in the present
meta-analysis. Firstly, the expression of CCL18



CCL18 and prognosis in cancer

1193

in all included studies was detected by different
methods such as immunohistochemistry, various
CCL18 antibodies or their epitopes and this has
led to inconsistent results due to technical varia-
tions. Secondly, CCL18 expression was evaluated
without acceptable, standardized method, and cut-
off definition; these factors are possible sources of
heterogeneity. Thirdly, the low number of studies
was not enough to clarify the correlation between
cancer and CCL18, especially the lack of high-qual-
ity publications. Also, the sampling bias might be
considered because most of the subjects in these
included studies were Asians, mainly from China.
These factors might cause a potential publication
bias. Finally, since the HRs and their corresponding
95% CI were reported in few studies, we extracted
them from the survival curves, which was the only
feasible method [18]; even this, it seems to be less
reliable than directly extracted from literature.

In conclusion, the present meta-analysis iden-
tified for the first time that the increased CCL18
expression may not only predict poor prognosis,
but also be associated with positive lymph node
metastasis in cancer patients. In addition, despite
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