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Introduction

In spite of the gradual decrease in the incidence 
and mortality of gastric cancer (GC) worldwide 
over the few decades, the annual incidence of GC 
in China is about 680,000 cases, accounting for 
nearly half of the world’s cases1 and most of the 
patients with GC have been diagnosed at the 
advanced stage,2 owing to the tumor invasiveness 
and metastasis.3With the progress in the applica-
tion of gastroscopy, early detection and treatment 
of GC have been greatly improved.4 But, the poor 
survival and tumor recurrence of GC patients 
remain very poor. Therefore, extensive studies are 
focused on identifying the prognostic predictors or 
therapeutic targets of GC.

Dysregulation of chemokine CCL18 has been 
reported implicated in pathologic conditions such 
as inflammation and cancer.5 Some studies show 
that the expression of CCL18 is increased in dif-
fuse large B-cell lymphoma,6 advanced breast 
cancer,7 and low-grade endometrial cancer.8 In 
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addition, the serum level of CCL18 is elevated in 
epithelial ovarian cancer9 and bladder cancer,10 
acting as a potential biomarker in these 
patients,9,10 and associates with poor prognosis as 
an independent factor in patients with breast can-
cer11 and colorectal cancer.12 Moreover, CCL18 
is involved in promoting cell proliferation, epi-
thelial–mesenchymal transition (EMT), invasion 
and metastasis and repressing cell apoptosis in 
lymphoma,6 pancreatic ductal adenocarcinoma,13 
breast cancer,14 and lung cancer.15 These studies 
suggest that CCL18 functions as an oncogenic 
marker in cancer patients.

Furthermore, C-C motif chemokine receptor 
(CCR8), identified as a chemokine receptor for 
CCL18 exhibits a key biological role in human 
chronic diseases.16 It is mainly expressed in the 
thymus, and in the periphery, CCR8 is abundantly 
expressed in activated Th2-polarized cells and in 
NK1.1+ CD4+ T cells.17 CCR8 counteracts dexa-
methasone-induced apoptosis via ERK-dependent 
pathway18 and mediates CCL1- and vMIP-I-
induced anti-apoptotic activity by RAS/MAPK 
pathway.19 CCL1/CCR8 axis as a component of 
cancer-related inflammation contributes to immune 
evasion, and inhibition of CCR8 axis may offer a 
promising strategy for therapeutic intervention in 
cancers.20

Although individual study reveals CCL18 as an 
independent prognostic factor in GC,21 the number 
of patients enrolled is limited and the knowledge 
about the association between its receptor CCR8 
and GC is unknown. In this study, we found that 
CCL18 expression was markedly elevated in GC 
samples (n = 415) as compared with the adjacent 
normal tissues (n = 32), and its high expression was 
associated with the tumor recurrence, acting as an 
independent prognostic factor in patients with GC. 
CCR8 possessed the positive correlation with 
CCL18 expression and poor survival, indicating 
CCL18/CCR8 axis may provide a potential antitu-
mor target for the treatment of GC.

Materials and methods

Clinical data of GC patients

The clinicopathological and prognostic data for 
415 cases of GC patients and 32 cases of adjacent 
normal tissues as well as the relative expression 
levels of CCL18, PITPNM family member 3 

(PITPNM3), and CCR8 in GC samples were down-
loaded from TCGA 2015 RNA sequencing data-
base (https://genome-cancer.ucsc.edu). All the GC 
samples were from the biopsies in the TCGA 
cohort and the TNM stage of GC was diagnosed at 
stage I + II or stage III + IV. The patients with GC 
did not receive any chemotherapy. Clinical infor-
mation on patient’s follow-up, overall survival 
(OS), disease-free survival, and outcome could be 
downloaded from the TCGA database. The clinico-
pathologic characteristics and detailed information 
of 265 GC patients were summarized in 
Supplementary Table S1. The protocols used in our 
study were approved by the Ethics Committee of 
Jingzhou Central Hospital.

Statistical analysis

Statistical analyses were conducted by SPSS 20.0 
(IBM, SPSS, Chicago, IL, USA) and GraphPad 
Prism 7.0. Student’s t test or chi-square test was 
used to evaluate the statistical significance for the 
comparisons of two groups. Pearson’s correlation 
coefficient analysis was used to analyze the corre-
lations of CCL18 with PITPNM3 and CCR8 
expression in GC samples. OS was defined as the 
interval between the dates of surgery and death, 
and OS as well as recurrence curves was analyzed 
with the Kaplan–Meier method and log-rank test. 
Univariate analysis and multivariate models were 
performed using a Cox proportional hazards 
regression model. P < 0.05 was considered statisti-
cally significant.

Results

The expression of CCL18 was increased in GC 
samples

In consistence with previous studies indicating the 
upregulation of CCL18 expression in human 
malignancies,6–10 our results demonstrated that the 
expression level of CCL18 was increased in GC 
samples (n = 415) as compared with the adjacent 
normal tissues (n = 32) using TCGA RNA sequenc-
ing data (Figure 1(a)). The similar results were 
validated in pair-matched GC samples (n = 32) as 
compared with the adjacent normal tissues (n = 32) 
(Figure 1(b)). These findings suggested that eleva-
tion of CCL18 expression was a frequent event in 
patients with GC.

https://genome-cancer.ucsc.edu
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Upregulation of CCL18 expression is correlated 
with tumor recurrence in patients with GC

CCL18 increased expression inspired us to analyze 
its correlation with the clinicopathological features 
and prognosis in patients with GC. According to 
the OS time, OS status, and CCL18 expression 
level, we gained its cut-off value (6.694) (Figure 
2(a)) in GC samples (n = 265) and divided the 
patients into two groups: CCL18 high expression 
(n = 212) and CCL18 low expression (n = 53) 
(Figure 2(b)). Receiver operating characteristic 
(ROC) curve and area under curve (AUC) were 
used to assess whether CCL18 was a potential 
marker in patients with GC, which showed that 
AUC of CCL18 was 0.59 (Figure 2(a)). This result 
indicated that CCL18 might be a potential marker 
in patients with GC. As shown in Table S1, we fur-
ther analyzed the correlation of CCL18 expression 
with the clinicopathological characteristics and 
prognosis in patients with GC and found that 
CCL18 high expression had no correlation with 
age, gender, pathological stage, and TNM stage 
(each P > 0.05). Kaplan–Meier analysis indicated 
that the patients with CCL18 high expression har-
bored no difference in OS (Figure 2(c)), but had a 
higher recurrence rate (Figure 2(d)) as compared 
with those with CCL18 low expression. In addi-
tion, we further analyzed the correlation of 
CCL18 high expression with the tumor recur-
rence in patients of early stage or late stage. We 
found that the patients of early stage (stage I + II) 
with CCL18 high expression displayed no differ-
ence in tumor recurrence as compared with those 
with CCL18 low expression (Figure 2(e)), but the 
patients of late stage (stage III + IV) with CCL18 

high expression had a higher recurrence rate as 
compared with those with CCL18 low expression 
(Figure 2(f)). Univariate and multivariate Cox 
regression analysis revealed that CCL18 expres-
sion as well as gender was an independent prog-
nostic factor of tumor recurrence in patients with 
GC (Table 1).

CCL18 displayed a positive correlation with 
CCR8 expression in GC samples

According to the previous report,16 PITPNM3 and 
CCR8 act as the receptors of CCL18. First, we exam-
ined their expression levels in GC samples using the 
TCGA RNA sequencing data, which indicated that 
the expression of CCR8 was markedly increased in 
GC samples (n = 32) as compared with the pair-
matched adjacent normal tissues (n = 32), but that of 
PITPNM3 was significantly decreased in GC sam-
ples (n = 25) as compared with the pair-matched 
adjacent normal tissues (n = 25) (Figure 3(a)). The 
consistent results for PITPNM3 and CCR8 expres-
sion were further verified in total GC samples 
(Figure 3(b)). The spearman correlation analysis 
showed that CCL18 exhibited a negative correlation 
with PITPNM3 expression (Figure 3(c)) but a posi-
tive association with CCR8 expression (Figure 3(d)) 
in GC samples. Taken account into the promoting 
role of CCL18 in cancer,6,13–15 its receptor was 
selected for further analysis.

Increased expression of CCR8 was associated 
with poor survival in patients with GC

Having identified an increased expression of 
CCR8 (Figure 3(a) and (b)) in GC samples, we 

Figure 1.  The expression of CCL18 was increased in GC samples. TCGA cohort analysis of the expression level of CCL18 in (a) 
unpaired and (b) paired GC samples as compared with the adjacent normal tissues.
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further analyzed the relationship between its 
expression with clinicopathological features and 
prognosis in patients with GC. According to the 
OS time, OS status, and CCR8 expression level, a 

cut-off value (4.899) of CCR8 (Figure 4(a)) in GC 
samples (n = 293) was determined, by which the 
patients were divided into two groups: CCR8 high 
expression and CCR8 low expression (Figure 4(b)). 

Figure 2.  Upregulation of CCL18 expression was associated with tumor recurrence in patients with GC. (a) The cut-off value 
and AUC of CCL18 were assessed in GC samples (n = 265). (b) The patients with GC were divided into CCL18 high expression 
group and low expression group. Kaplan–Meier analysis of the correlation of CCL18 high or low expression with the (c) OS and (d) 
tumor recurrence in patients with GC. Kaplan–Meier plotter analysis of the correlation of CCL18 high or low expression with the 
tumor recurrence in GC patients of (e) early stage (stage I + II) or (f) late stage (stage III + IV).

Table 1.  Cox regression analysis of CCL18 expression as recurrence predictor in patients with GC.

Variables Univariate Cox regression analysis Multivariate Cox regression analysis

RR (95% CI) P value RR (95% CI) P value

Age (years)
  ⩾60 versus <60 0.882 (0.520–1.495) 0.641 NA NA
Gender
  Male versus female 2.146 (1.159–3.975) 0.015 2.133 (1.152–3.950) 0.016
Pathological stage
  III/IV versus I/II 1.065 (0.638–1.778) 0.811 NA NA
T stage
  T3 + T4 versus T1 + T2 0.764 (0.444–1.314) 0.330 NA NA
N staging
  Positive versus negative 1.138 (0.654–1.982) 0.648 NA NA
M stage
  Positive versus negative 1.016 (0.406–2.543) 0.973 NA NA
CCL18 expression
  High versus low 4.890 (1.530–15.630) 0.007 4.864 (1.521–15.551) 0.008

GC: gastric cancer; NA: not analyzed.
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ROC curve was used to assess the sensitivity and 
specificity of CCR8 in GC, which indicated that 
the AUC, sensitivity, and specificity of CCR8 
were, respectively, 0.5, 26.5%, and 83.8% (Figure 
4(a)), suggesting that CCR8 might be a potential 
marker for GC patients. Furthermore, we found 
that CCR8 high expression had no correlation with 
the age, gender, pathological stage, and TNM 
stage (each P > 0.05, Table S2). Kaplan–Meier 
analysis demonstrated that the patients with CCR8 
high expression presented a shorter survival 
(Figure 4(c)) but had no difference in tumor recur-
rence rate (Figure 4(d)) as compared with those 
with CCR8 low expression. The patients of early 
stage (stage I + II) (Figure 4(e)) rather than late 
stage (stage III + IV) (Figure 4(f)) with CCR8 
high expression displayed a poor survival as com-
pared with those with CCR8 low expression. 
Univariate and multivariate Cox regression analy-
sis illuminated that CCR8 expression as well as 
age was an independent prognostic factor of poor 
survival in GC patients (Table S3).

Discussion

CCL18 exhibits crucial functions in the immunolog-
ical regulation and promoting tumor progression. Its 
expression is substantially increased in lymph node-
positive diseases and associates with tumor size, 
invasiveness, and distant metastasis in non-small cell 
lung cancer (NSCLC).22,23 The expression of CCL18 
is increased in cancer samples6–10,22–24 and facilitates 
EMT, migration, and metastasis by proline-rich 
tyrosine kinase 2 or mTORC2 signaling in ovarian 
cancer,24,25 by Nir1-ELMO1/DOC180 signaling in 
NSCLC,23 and by NF-κB/VCAM-1 pathway in pan-
creatic ductal adenocarcinoma.26 In this study, in 
accordance with previous studies,6–10,21–24 CCL18 
expression was found significantly elevated in GC 
samples, but inconsistent with these results,21–23 our 
study showed that CCL8 high expression had no cor-
relation with the clinical features in patients with 
GC, which might be attributed to the tissue source 
diversity and the difference in sample size. These 
findings indicated that the increased expression of 
CCL18 is a frequent event in cancer.

Figure 3.  The correlation of CCL18 with the expression of its receptors PITPNM3 and CCR8 in GC. TCGA cohort analysis of the 
expression levels of PITPNM3 and CCR8 in (a) paired and (b) unpaired GC samples as compared with the adjacent normal tissues. 
Spearman correlation analysis of the association between CCL18 expression and its receptors (c) PITPNM3 and (d) CCR8 in GC.



6	 European Journal of Inflammation

It is known to us that the patients with advanced 
GC have poor prognosis.2 Identification of the 
prognostic predictors or therapeutic targets is 
essential for the diagnosis and treatment of GC. 
Some studies showed that CCL18 expression has a 
link with disease severity and poor prognosis in 
patients with lymphoma.27 CCL18 acts as a bio-
marker,9,10 associated with poor prognosis as an 
independent factor in cancer patients.11,12 In this 
study, in consistence with previous results,21 we 
found that CCL18 high expression had an associa-
tion with tumor recurrence, but had no correlation 
with OS in patients with GC. Multivariate analysis 
revealed CCL18 as an independent prognostic fac-
tor of tumor recurrence in patients with GC. These 
findings suggested that CCL18 might be used to 
predict the tumor recurrence in patients with GC.

CCR8 as a receptor of CCL1816 is also impli-
cated in tumorigenesis. It not only induces the 
anti-apoptosis effects,18,19 but also leads to the 
immune evasion.20 However, the correlation of 
CCR8 with CCL18 expression and the prognosis 
in patients with GC is unclear. In this study, we 
found that CCR8 exhibited a positive correlation 

with CCL18 expression in GC samples, but 
showed no correlation with the clinical factors in 
patients with GC. CCR8 high expression was 
associated with poor survival rather than tumor 
recurrence in patients with GC. Multivariate anal-
ysis showed that CCR8 expression as well as age 
was an independent prognostic factor of poor sur-
vival in patients with GC. These findings indicated 
that CCR8 could predict the poor survival in 
patients with GC.

In conclusion, our findings demonstrated that 
the dysregulation of CCL18/CCR8 axis predicts 
the poor prognosis in patients with GC and may 
provide a potential antitumor target for the treat-
ment of GC.
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Figure 4.  Upregulation of CCR8 expression was associated with poor survival in patients with GC. (a) The cut-off value and AUC 
of CCR8 were determined in GC samples (n = 293). (b) The patients with GC were divided into CCR8 high expression group and 
low expression group. Kaplan–Meier analysis of the correlation of CCR8 high or low expression with the (c) OS and (d) tumor 
recurrence in patients with GC. Kaplan–Meier plotter analysis of the correlation of CCR8 high or low expression with the poor 
survival in GC patients of (e) early stage (stage I + II) or (f) late stage (stage III + IV).
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