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ABSTRACT. In this study, we investigated the correlation between 
serum chemokine (C-C motif) ligand 18 (CCL-18) and the prognosis 
as well as clinical characteristics of breast cancer. Blood samples from 
207 breast cancer patients, 126 individuals with benign breast tumors, 
and 93 healthy women were collected. Serum CCL-18 expression was 
detected by enzyme-linked immunosorbent assay. Mann-Whitney’s U 
tests were carried out to analyze the relationship between serum CCL-
18 and clinicopathological variables. The Kaplan-Meier method was 
used to evaluate the overall survival (OS), whereas differences between 
groups were analyzed by log-rank tests. The COX proportional hazard 
regression model was used to determine the association between 
clinicopathological characteristics and survival. We found that serum 
CCL-18 was significantly higher in breast cancer patients (290.06 ± 
89.52 pg/mL) as compared to that in individuals with benign tumors 
(170.14 ± 26.57 pg/mL) or healthy women (119.36 ± 38.77 pg/mL) (P 
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< 0.05). Serum CCL-18 was correlated with clinical cancer stages (P 
= 0.007), and was associated with advanced cancer stage (P < 0.05). 
The 5-year OS rate of breast cancer patients with high serum CCL-
18 was 35.9% (HR = 3.908, 95%CI = 2.546-12.090, P < 0.05), which 
was significantly lower as compared to that for patients with low serum 
CCL-18 (85.5%). Based on our results, we conclude that CCL-18 is 
a prognostic biomarker in patients with advanced breast cancer in 
Chinese patients.
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INTRODUCTION

Breast cancer is one of the most common cancers in women worldwide. Approximately 
400,000 women die from breast cancer every year, and its rate of incidence is rising (Parkin 
et al., 2005). Jemal et al. (2011) found that 56% of breast cancer cases occur in areas within 
developing countries, such as the Yanan Shanxi region of China. The development of breast 
cancer is associated with genetic predisposition, environmental pollution, and factors that affect 
the cell’s microenvironment, such as tumor necrosis factors, interleukins, and inflammatory 
factors (Feng et al., 2009). According to Harris et al. (2003), inflammatory factors participate in 
the pathogenesis of breast cancer, while anti-inflammatory factors could reduce the incidence 
and recurrence rate of this disease.

Chemokine C-C motif ligand 18 (CCL-18), an inflammatory factor, was identified as a 
biomarker in gastric and ovarian cancers (Schutyser et al., 2002; Leung et al., 2004). In addition, 
it has been clinically used for the identification, treatment, and prognosis prediction of cancers. 
CCL-18 is mainly secreted by macrophages and dendritic cells, and regulates the immune 
status by promoting angiogenesis and leukocyte trafficking (Schutyser et al., 2005). It has been 
suggested that CCL-18 is not only associated with acute lymphoblastic leukemia, gastric cancer, 
breast cancer, and ovarian cancer, but also predicts poor disease prognosis in malignant tumors 
(Schutyser et al., 2002; Struyf et al., 2003; Leung et al., 2004; Chen et al., 2011).

Various studies have been conducted to examine the association between serum CCL-18 
levels and disease prognosis in colon and gastric cancers. However, the association between CCL-
18 and breast cancer prognosis in Chinese patients is still not clear. Furthermore, the relationship 
between CCL-18 and sensitivity to chemotherapies in malignant tumor is still an area of active 
investigation. In our study, we compared serum CCL-18 levels between breast cancer patients, 
women with benign tumors, and healthy women. We aimed to determine the association between 
serum CCL-18 levels and breast cancer in the Yanan Shanxi region of China.

MATERIAL AND METHODS

Patients

We recruited 207 breast cancer patients (median age = 47) and 126 women with benign 
breast tumors (median age = 45), who were hospitalized in the Yan’an University Hospital of 
Xianyang between January 1, 2005 to December 31, 2010.

Breast cancer was confirmed in the 207 recruited patients according to previously 
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described diagnostic criteria (Cedolini et al., 2014). We included 23 patients with carcinoma in 
situ, 158 with invasive ductal carcinoma, 12 with invasive lobular carcinoma, 11 with mucinous 
carcinoma, and 3 with inflammatory carcinoma. There were 69 cases of stage II cancer, 86 
cases of stage III cancer, and 52 cases with stage IV breast cancer. The clinicopathological 
characteristics of all patients are listed in Table 1.

Of the 126 women diagnosed with benign breast tumors, 76 displayed breast 
fibroadenoma, 18 had intraductal papilloma, 15 had fibrocystic disease of breast, 9 had 
mastitis, and 8 patients were affected with juvenile fibroadenoma. Lastly, 93 healthy women 
were included in the study as control.

All subjects were without history of any other types of cancers, and underwent 
clinical examinations, including breast CT scans, breast ultrasounds, breast molybdenum 
target X-rays, and nuclear magnetic resonance. There were no significant differences 
among breast cancer patients, those with benign tumor, and healthy women in terms of 
age and smoking history. Diagnosis was performed by two pathologists, and agreement 
was reached for each case. The study was approved by the medical Ethics Committee of 
Yan’an University Hospital of Xianyang. Written informed consent was obtained from all 
subjects prior to study enrollment.

Table 1. Clinicopathological characteristics and their correlation with serum CCL-18 in breast cancer patients 
(N = 207).

Characters Cases (N) Serum CCL-18 P value 
High Low 

Age <50 41 30 11 0.73 
50-70 97 77 20 
>70 69 47 22 

Smoking history Current 86 57 29 0.14 
Former 79 58 21 
Never 42 33 9 

Stage I 0 0 0 0.007 
II 69 51 18 
III 88 72 16 
IV 50 46 4 

 

Blood samples collection

Blood samples of all the subjects were collected at the time of diagnosis prior to 
surgical resection, radiation, or chemotherapy. Subjects were fasted prior to blood withdrawal 
at 6 a.m. Serum was separated and stored at -80°C.

Serum CCL-18 detection by ELISA

Serum CCL-18 was detected by enzyme-linked immunosorbent assay (ELISA) 
using the Human CCL-18 ELISA kit (Sigma-Aldrich Co. LLC., Shanghai, China) according 
to manufacturer specification. The optical density (OD) at 450 nm was determined by an 
enzyme-labeling measuring instrument (Promega Biotech Co., Ltd. Beijing, China). Standard 
curves were established with OD450 on the Y-axis and concentration of the standard on the 
X-axis; serum CCL-18 levels were extrapolated using the standard curve.
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Statistical analysis

All the data were analyzed by the SPSS 13.0 software (SPSS, IBM, Chicago, IL, 
USA). Data are reported as means ± standard deviation (SD). The Mann-Whitney U tests were 
used to analyze the relationship between serum CCL-18 and clinicopathological variables. The 
Kaplan-Meier method was used to evaluate the overall survival (OS) of patients, and between-
group differences were analyzed via log-rank tests. The Cox proportional hazard regression 
model was used to determine the association between clinicopathological characteristics and 
survival. Statistical significance was denoted by P < 0.05.

RESULTS

Serum CCL-18 expression and its association with clinicopathological features

Serum CCL-18 expression in each group is shown in Table 2. Serum CCL-18 
expression in breast cancer patients was 290.06 ± 89.52 pg/mL, which was significantly higher 
than in those with benign tumors (170.14 ± 26.57 pg/mL) and healthy individuals (119.36 ± 
38.77 pg/mL).

In addition, serum CCL-18 level in TNM stage IV breast cancer patients (392.37 ± 
80.35 pg/mL) was higher as compared with that in TNM stage III (280.91 ± 77.25 pg/mL) and 
stage II (198.73 ± 47.89 pg/mL) patients.

The average serum CCL-18 concentration (290.06 ± 89.52 pg/mL) was set as a 
cutoff value for categorization. Breast cancer patients with serum CCL-18 levels lower than 
the average value were denoted as having low expression, while those with serum CCL-
18 > 290.06 ± 89.52 pg/mL were denoted as having high expression. As shown in Table 1, 
high serum CCL-18 expression was correlated with TNM stages (P = 0.007). However, no 
correlation was found between serum CCL-18 level and age or smoking history.

*Compared to breast cancer patients, P < 0.05; #compared to women with benign tumor, P < 0.05; &compared to 
patients at TNM stage II, P < 0.05; $compared to TNM stage III, P < 0.05.

Table 2. Serum CCL-18 breast cancer patients, women with benign tumor, and controls (pg/mL).

 Serum CCL-18 expression (means ± SD) 
Breast cancer women (N = 207) Benign tumor women (N = 126) Healthy women (N = 93) 

Concentration TNM stage Average 170.14 ± 26.57* 119.36 ± 38.77*# 
II 198.73 ± 47.89 290.06 ± 89.52 
III 280.91 ± 77.25& 
IV 392.37 ± 80.35&$ 

 

Serum CCL-18 expression and disease prognosis of breast cancer patients

The results of the Kaplan-Meier analysis showed that the 5-year OS rate of breast 
cancer patients with high serum CCL-18 level was 35.9%, which was lower as compared with 
that of low serum CCL-18 (85.5%) patients. As shown in Table 3, the result of multivariate 
Cox model showed that serum CCL-18 expression was an independent prognostic factor for 
poor 5-year OS (hazard ratio = 3.908, 95% confidence interval = 2.546-12.090, P = 0.024) in 
breast cancer patients.
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HR = hazard ratio; CI = confidence interval.

Table 3. Multivariate analyses of prognostic factors for breast cancer (N = 207).

Characters HR 95%CI P value 
Age 0.908 0.296-1.735 0.489 
Smoking history 1.738 0.775-3.980 0.112 
TNM stages 4.506 2.506-8.875 0.019 
Serum CCL-18 3.908 2.546-12.090 0.024 

 

DISCUSSION

The CCL-18 gene, which is located on 17q11.2, encodes a cytokine that is secreted by 
various cells such as nucleus cells, macrophages, T cells, B cells, dendritic cells, hemopoietic 
progenitor cells, fibroblasts, and tumor cell. CCL-18 acts through autocrine and paracrine 
signaling, and participates in immunologic and inflammatory processes (Urquidi et al., 2012). 
Previous studies have shown that CCL-18 also has the ability affect tumorigenesis, and can 
affect the grade and prognosis of ovarian, colon, and gastric cancers. In the treatment of 
breast cancer with carcinoma-associated fibroblast (CAF) regimen, Peng et al. (2013) found 
that breast cancer cells co-cultured with CAF resulted in increased CCL-18 secretion, which 
promoted the invasion and metastasis of breast cancer cells. Furthermore, Nariţa et al. (2011) 
found that breast cancer patients with elevated serum CCL-18 levels were associated with poor 
disease prognosis. In the current study, we investigated the association between serum CCL-
18 and breast cancer in order to determine whether CCL-18 is a biomarker for poor disease 
prognosis in the Yanan Shanxi region of China. We found that serum CCL-18 level was higher 
in breast cancer patients as compared with that of healthy women and individuals with benign 
tumors. This result suggested that serum CCL-18 may be a biomarker for breast cancer, and 
may participate in tumorigenesis. Furthermore, we found that serum CCL-18 levels differed 
among breast cancer patients at different TNM stages; serum CCL-18 was significantly higher 
in stage IV patients as compared to that in stages II and III patients. We suggest that elevated 
CCL-18 level can be used as a biomarker for advanced breast cancer. Notably, Leung et al. 
(2004) reported that serum CCL-18 was negatively correlated with clinical cancer stages. 
It is possible that the role of CCL-18 varies due to different immunological mechanisms in 
different cancers (Chen et al., 2011). As expected, we did not find any association between 
serum CCL-18 level and age or smoking history.

Previous studies have also shown that serum CCL-18 was associated with 
tumorigenesis, and its expression was correlated with TNM staging, but not metastasis, in 
primary lung cancer patients (Plönes et al., 2012). An association between CCL-18 and OS 
rate was also found in pancreatic cancer. In our study, we found that the 5-year OS rate was 
lower in breast cancer patients with high serum CCL-18 expression as compared to those with 
low serum CCL-18 expression. This further confirmed that high serum CCL-18 is an indicator 
of poor prognosis in breast cancer.

CCL-18 is secreted by tumor-associated macrophages (TAMs), which can produce 
many factors such as IL-10 (Sica et al., 2000; Struyf et al., 2003). In children with acute 
lymphoblastic leukemia, serum CCL-18 expression was shown to be increased, which 
suggested that CCL-18 might also be a predictor of acute lymphoblastic leukemia in children 
(Struyf et al., 2003). According to Chen et al. (2011), the M2 subset of TAM is increased in 
the tumor cell microenvironment, which results in increased CCL-18 secretion. It is therefore 
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possible that CCL-18 can play an important role in modulating the microenvironment of breast 
cancer cells, and promote the development and invasion of breast tumors.

In conclusion, our results indicate that serum CCL-18 is overexpressed in breast cancer 
patients, and may be a biomarker for poor prognosis in advanced breast cancer among the Chinese 
population. However, further studies need to be carried out to investigate the association between 
serum CCL-18 and tumor proliferation, metastasis, invasion, as well as other clinicopathological 
characteristics. In addition, the underlying mechanisms behind increased serum CCL-18 in 
breast cancer patients still need further clarification. A greater understanding of the role of serum 
CCL-18 in breast cancers may lead to alternative treatments for this disease.
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