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Abstract 

Background: Noninvasive and effective methods of early diagnosis of colorectal cancer (CRC) are underexplored. 
Inflammation is known to play an important role in the tumor microenvironment of CRC. Therefore, the aim of this 
study was to elucidate novel inflammatory biomarkers related to early diagnosis and prognosis of CRC.

Methods: Based on the results from a multiplex assay and a pan-cancer screening of TCGA data with 18 cancer types, 
we identified several targeted biomarkers. We further confirmed these results using a trial cohort of 112 CRC patients 
and 151 controls (59 healthy donors, 52 colitis and 40 colorectal adenoma patients) by Elisa and immunohistochem-
istry (IHC). The biomarkers expression levels in CRC patients of different clinical stages were compared. The targeted 
biomarkers panel was developed using logistic regression model and was then validated using an independent 
cohort including 75 CRC patients and 90 controls (35 healthy donors, 20 colitis and 35 colorectal adenoma patients). 
Diagnostic accuracy was evaluated using area under the receiver-operating characteristic (ROC) curve and overall 
survival analysis was used for prognosis. Gene ontology (GO) analyses and Gene set enrichment analyses (GSEA) were 
performed to predict the function of the candidate biomarkers.

Results: CCL20 and IL-17A were identified as candidate biomarkers using multiplex assay and pan-cancer screening 
of TCGA data. Elisa and IHC demonstrated that both CCL20 and IL-17A levels were highly expressed in CRC patients, 
more especially in patients with advanced stage disease. A signature expression of the two biomarkers showed high 
diagnostic accuracy of CRC. Importantly, the diagnostic sensitivity and specificity were still satisfactory in the early 
stage and low carcinoembryonic antigen (CEA) level groups. Bioinformatics analysis revealed that CCL20 and IL-17A 
may be involved in CRC progression. In addition, the diagnostic performance of CCL20 and IL-17A in combination was 
superior to that of either marker alone.

Conclusions: Serum CCL20 and IL-17A levels were identified as independent prognostic markers for CRC. The CCL20-
IL-17A panel exhibited a good performance in the diagnosis of early stage CRC.

Keywords: Colorectal cancer, Diagnosis, Prognosis, CCL20, IL-17A

© The Author(s) 2019, corrected publication 2021. Open Access This article is distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http:// creat iveco mmons. org/ licen ses/ by/4. 0/), which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated.

Open Access

Journal of 
Translational Medicine

*Correspondence:  yizhang@zzu.edu.cn
†Dan Wang, Weitang Yuan and Yaping Wang contributed equally to this 
work
1 Biotherapy Center, The First Affiliated Hospital of Zhengzhou University, 
Zhengzhou 450052, Henan, People’s Republic of China
Full list of author information is available at the end of the article
This article has been updated to correct figure 4 and 5.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-019-2008-y&domain=pdf


Page 2 of 11Wang et al. J Transl Med          (2019) 17:253 

Background
Colorectal cancer (CRC) is one of the most common 
cancers, and the second leading cause of cancer related 
mortality globally [1]. Reports indicate that the 5-year rel-
ative survival for CRC patients ranges from greater than 
90% (in early stage patients) to slightly greater than 10% 
(in stage IV patients) [2]. Therefore, screening for early 
stage CRC biomarkers is crucial for the prevention and 
proper management of disease progression and for con-
trolling CRC-induced mortality [3]. Despite the develop-
ment of screening strategies such as colonoscopy, fecal 
occult-blood testing, and stool DNA test, early diagnosis 
of CRC remains unrealized. Recently, the investigation of 
noninvasive biomarkers has become a hotspot. However, 
the frequently used serum tumor biomarkers carcinoem-
bryonic antigens (CEA) and carbohydrate antigens 19-9 
(CA19-9), present with limited sensitivity and specific-
ity to early stage CRC diagnosis and yield controversial 
prognostic values [4, 5]. Therefore, the identification of 
some novel and noninvasive biomarkers for early diagno-
sis of CRC are extremely high in demand.

Cancer-associated inflammation has been identi-
fied as a key determining factor of disease progression 
and survival in CRC patients. A good number of stud-
ies have associated CRC patients with high incidences of 
inflammatory bowel disease. Chemokines and cytokines 
are essential inflammatory factors for malignant tumor 
development. Chemokines can be classified into 4 main 
families: CC, CXC, CX3C, and C. CXC and CC are the 
largest families and are involved in regulating leuko-
cyte trafficking and tumor cell biological properties. 
Chemokine CC ligand 20 (CCL20) is the only chemokine 
that interacts with the G-protein coupled 7-transmem-
brane receptor CCR6. Previous studies indicate that 
CCL20 has the ability to recruit lymphocytes and has 
been correlated with tumor progression in various malig-
nant neoplasms [6, 7]. Moreover, Chang et al., previously 
described CCL20 as a novel serum marker for detecting 
nasopharyngeal carcinoma [8]. However, the diagnostic 
and prognostic values of serum CCL20 in CRC patients 
have not been fully evaluated.

Interleukins are equally an important group of 
cytokines. They have been strongly associated with 
inflammatory responses in the tumor microenvironment. 
Interleukin (IL)-17A, referred to as IL-17, is secreted by 
a subset of activated  CD4+ T cells (Th17), some  CD8+ T 
cells, and γδ T cells [9, 10]. Study reports indicate that IL-
17A is responsible for the aggressive progression of sev-
eral malignant tumors [11, 12]. Likewise, the IL-17A level 
in tissues have been shown to play a major role in CRC 
progression [13, 14]. In addition, high baseline serum IL-
17A concentrations have been associated with shorter 
progression-free survival in CRC patients [15], and 

tumor dissemination in small cell lung cancer patients 
[16]. Thus far, the potential role of serum IL-17A in iden-
tifying patients with CRC has not been investigated.

IL-17A has also been shown to enhance CCL20 pro-
duction in various tumor cells [17, 18]. CCL20 prefer-
entially mediates the recruitment of Th17 cells to tumor 
tissues, resulting in increased IL-17A secretion [19]. 
Therefore, CCL20 may be closely associated with IL-
17A. Nevertheless, the role of both serum chemokines 
and cytokines in diagnosing or predicting long-term out-
comes in CRC patients has not been fully evaluated. In 
this study, we investigated the expression levels of CCL20 
and IL-17A in CRC patients and elucidated the effects of 
their serum levels on disease status. More importantly, 
we sought to establish a highly specific and sensitive 
CCL20-IL-17A-based model for evaluating early stage 
CRC patients and assessed the prognostic value for CRC  
patients.

Materials and methods
Study design
The whole study consisted of five phases: the discovery 
phase, training phase, validation phase, prognostic evalu-
ation and functional phase (Fig. 1). In the discovery phase, 

Fig. 1 Design of the study (CRC, colorectal cancer; HD, healthy 
donor)
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serum samples were collected from 3 CRC patients and 
3 healthy controls. We conducted a multiplex assay on 
each of the samples to identify the potential biomarkers. 
We then proceeded to conduct a pan-cancer screening of 
inflammatory factors (CCL/CXCL chemokines and inter-
leukins) using data from 18 cancer types from TCGA and 
identified CCL20 and IL-17A as biomarker candidates. 
We confirmed the identified targeted biomarkers in the 
training phase by making use of an independent training 
cohort of 112 CRC patients and 151 controls (59 HD, 52 
colitis and 40 colorectal adenoma patients) by Elisa and 
immunohistochemistry (IHC). The logistic regression 
model was adopted to develop the panel of the targeted 
biomarkers. To further evaluate the diagnostic accuracy 
of the model, we used receiver-operating characteristic 
(ROC) curves. Subsequently, in the validation phase, the 
performance of the logistic model was validated by differ-
entiating CRC patients from the control group in another 
independent validation cohort including 75 CRC patients 
and 35 healthy controls, 20 colitis and 35 colorectal ade-
noma patients.

In the prognostic evaluation phase we evaluated the 
value of the targeted markers, conducting overall sur-
vival analysis using independent samples from the 
training cohort of 112 CRC serum and 59 tumor sam-
ples from CRC patients. Finally, in the functional phase, 
we used Gene ontology (GO) analyses and Gene set 
enrichment analyses (GSEA) to evaluate the function 
of the candidate genes. TCGA database were used to 
assess the correlation between the candidate genes and 
the genes related to cancer progression.

Clinical sample selection
We collected serum samples of healthy controls, 
and untreated colitis, colorectal adenoma, and CRC 
patients. The blood samples were obtained from the 
Departments of Oncology and Gastroenterology of the 
First Affiliated Hospital of Zhengzhou University from 
January 2013 to December 2015. The healthy controls, 
colitis, and colorectal adenoma patients were enrolled 
from the Department of Physical Examination Center 
and Clinical  Laboratory of the First Affiliated Hospi-
tal of Zhengzhou University. The paraffin section of 
tissue samples from CRC patients (n = 59) diagnosed 
between 2011 and 2013 were obtained from the Pathol-
ogy Department. Patients were classified according to 
UICC-TNM classification and were graded according to 
the WHO classification criteria as well, moderately, or 
poorly differentiated. All CRC patients were histologi-
cally diagnosed. Age- and sex-matched controls were 
selected (Additional file 1: Table S1). Serum was trans-
ferred to 1.5 ml tubes and stored at − 80 °C for further 

processing. Protocols for this study were approved by 
the local ethics committee (Ethical approval number: 
Science-2010-LW-1213), and an informed consent was 
obtained from each patient and volunteer, with avail-
able follow-up information.

Database
Genes with higher expression in CRC tumor tissue, 
were screened by The Cancer Genome Atlas (TCGA) 
database (http:// www. canca ergen ome. nih. gov), which 
provided data of 18 cancer types. Moreover, the CRC 
transcriptional expression data (GDS4718) were down-
loaded from the Gene Expression Omnibus (GEO) 
database for the correlation analyses. It contained 19 
normal colon mucosa (N) and 19 primary tumor (Ca) 
samples.

Multiplex assay
To identify which factor was highly expressed in CRC 
patients compared to healthy donors, a multiplex assay 
was used. The levels of cytokines and chemokines in 
sera were analyzed using a multi-analyze flow assay 
kit (BioLegend, USA), including 13 human cytokines 
(Cat. 740001) and 13 human chemokines (Cat. 740003), 
according to the manufacturer’s instructions.

Elisa
Cytokine levels were measured using the highly sensi-
tive Elisa kits (R&D Systems, Minneapolis, MN, USA), 
specific for human cytokines, according to the manu-
facturer’s instructions. Detailed methods are described 
in Additional file 2: Methods section.

Immunohistochemistry
Immunohistochemistry was performed as previously 
described [20]. Mouse anti-CCL20 and rabbit anti-
human IL-17A (1:300; Abcam, USA) were used as pri-
mary antibodies. Detailed methods are described in 
Additional file 2: Methods section.

Statistical analyses
All statistical analyses were performed using the SPSS 
17.0 software. Data of different groups were compared 
using the Student’s t test, Chi square test, and one-way 
ANOVA. Kaplan–Meier curves analysis, spearman cor-
relation analysis, and univariate and multivariate logis-
tic regression models were performed. A diagnostic 
model was developed using logistic regression analysis. 
ROC curves were constructed by plotting sensitivity 
vs. specificity, and the areas under the curves (AUC) 
were analyzed with the Hanley and McNeil method. A 
p value < 0.05 was considered statistically significant 
(*p < 0.05, **p < 0.01, ***p < 0.001).

http://www.cancaergenome.nih.gov
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Results
Identification of candidate biomarkers for CRC 
To identify potential CRC biomarkers, we exam-
ined the levels of serum inflammatory cytokines and 
chemokines in CRC patients and HD using a multi-
plex assay. The serum levels of CCL20, CXCL10, CCL2, 
IL-9, IL-21, and IL-17A were significantly higher in 
CRC patients than in HD (fold change ≥ 2, p < 0.05) 
(Fig.  2a). To determine the highly expressed genes in 
CRC patients, pan-cancer screening of CCL/CXCL 
chemokine and interleukin families was performed for 
tumor tissues from 18 cancer types via TCGA data. 
We observed that CCL20 and IL-17A expression in 
colon adenocarcinoma (COAD) and rectal adenocarci-
noma (READ) tissues were higher than the expression 
in other cancer tissues (Fig.  2b and Additional file  3: 
Fig.  S1A). After comparing expression levels between 

cancer tissues and the corresponding normal tissues, 
we observed that the levels of both markers were higher 
in CRC cancer tissues than in normal tissues (Fig.  2c, 
d). After superimposing results from Fig. 2a, b, we real-
ized that CCL20 and IL-17A may exhibit good perfor-
mances in predicting the diagnosis and prognosis of 
CRC patients. As a result, CCL20 and IL-17A levels 
were identified as candidate CRC biomarkers.

Confirmation of CCL20 and IL‑17A levels by Elisa and IHC
To verify the serum levels of CCL20 and IL-17A in CRC 
patients, 112 samples from initially treated CRC patients 
and 151 controls (59 HD, 52 colitis, 40 colorectal ade-
noma patients) were collected. There were no signifi-
cant differences in the age and sex of the groups in this 
cohort (Additional file 1: Table S1). As shown in Fig. 3a, 
serum CCL20 and IL-17A levels in CRC patients were 

Fig. 2 CCL20 and IL-17A are highly expressed in tumor and sera of CRC patients. a The expression level of cytokines and chemokines in sera from 
patients with CRC and HD were analyzed using a multiplex assay kit. b Hierarchical clustering analysis of differentially expressed genes of CCL/CXCL 
families and interleukins families download from TCGA database in 18 cancer types. c, d The expression of CCL20 and IL-17A in 18 kinds of cancer 
tissues and the corresponding normal tissues (*p < 0.05; **p < 0.01; ***p < 0.001)
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significantly higher than those in the controls (p < 0.0001). 
The two markers expression in CRC patients were also 
higher than that in other cancer patients (Additional 
file 3: Fig. S1B). Moreover, CCL20 and IL-17A levels were 
elevated in CRC patients with advanced stages (p < 0.01, 
p < 0.05; Fig. 3b). Spearman correlation analysis indicated 
a significant positive correlation between these two bio-
markers (r = 0.325, p = 0.025; Fig.  3c). Furthermore, we 
observed that the levels of the two biomarkers were sig-
nificantly higher in tumor tissues when compared with 
the levels in the peritumoral tissues (p < 0.001; Fig.  3d). 
CCL20 was highly expressed in the cytoplasm of tumor 
cells, and IL-17A was mainly from infiltrating lympho-
cytes (Fig.  3d). CCL20 and IL-17A levels were also sig-
nificantly higher in the advanced stage than in the early 
stage of CRC (p < 0.05, p < 0.01; Fig. 3e). A similar corre-
lation analysis was performed, and a positive correlation 
was observed between the protein levels of CCL20 and 
IL-17A in tumor tissues (r = 0.361, p = 0.0025; Fig.  3f ). 
This correlation was confirmed by the mRNA levels 
obtained from the GEO (r = 0.720, p < 0.0005; Fig. 3f ) and 
TCGA (r = 0.588, p < 0.0001; Fig.  3f ) databases. These 
data strongly confirmed that expression of CCL20 and 
IL-17A were higher in CRC patients.

Relationship between serum CCL20 and IL‑17A levels, 
and clinicopathological parameters
112 CRC samples were collected to evaluate the corre-
lation of serum CCL20 and IL-17A levels with the clin-
icopathological characteristics of patients. As shown 
in Additional file  1: Tables S2, S3, higher expression of 
CCL20 and IL-17A together or respectively were signifi-
cantly associated with higher T stage, N stage, M stage, 
overall stage, deep invasion, liver metastasis, larger 
tumor size, adenocarcinoma type, and CEA values. Our 
data suggested potential roles of CCL20 and IL-17A in 
CRC progression.

Establishing the predictive model for CRC diagnosis
The efficacy of serum CCL20 and IL-17A in discriminat-
ing between CRC patients and controls was verified using 
the ROC curve. As shown in Fig. 4a, the efficacy of CCL20 
only (AUC = 0.936; cut-off value: 89.64; sensitivity: 93.1%; 
specificity: 86.3%) or IL-17A only (AUC = 0.879; cut-off 

value: 4.7962; sensitivity: 24.8%; specificity: 98.3%) was 
better than that of CEA (AUC = 0.601; sensitivity: 24.8%; 
specificity: 98.3%). After combining CCL20 with IL-17A 
in a logistic regression model, the screening efficacy 
(AUC = 0.988; cut-off value: 0.54; positive value: 22.4%; 
negative predictive value: 95.9%; sensitivity: 96.1%; speci-
ficity: 96.5% for the combination; Fig.  4a) was better 
than their individual efficacies (Combination vs. CCL20: 
p = 0.015 and combination vs. IL-17A: p = 0.0001). The 
predicted probability of CRC diagnosis from the stepwise 
logistic regression model was calculated as follows:

Furthermore, we evaluated the diagnostic perfor-
mance of the established panel in distinguishing CRC 
patients with early TNM stage from controls. Similar 
results were obtained in patients with early stages (I/II). 
The AUC values for CCL20 and IL-17A were 0.935 (cut-
off value: 89.68; sensitivity: 97.1%; specificity: 79.7%) and 
0.876 (cut-off value: 4.0969; sensitivity: 80.4%; specificity: 
84.7%) respectively. The combination of the two biomark-
ers robustly increased the AUC to 0.976 (cut-off value: 
0.1878; sensitivity: 95.1%; specificity: 93.2%). The differ-
ences between them were statistically significant (com-
bination vs. CCL20: p = 0.0431; combination vs. IL-17A: 
p = 0.003) (Fig.  4b). Then, we evaluated the diagnostic 
accuracy of the established panel according to the CEA 
levels. In the high-CEA level (> 5 ng/ml) group, the AUC 
of the panel was 0.927 (sensitivity: 92.8%; specificity: 
91.2%; Fig.  4c). In the low-CEA level (< 5 ng/ml) group, 
the AUC of the panel was 0.976 (sensitivity: 95.1%; speci-
ficity: 94.8%; Fig. 4d). Collectively, our data implied that 
serum levels of CCL20-IL-17A panels used as a screen-
ing protocol may improve the efficacy of early diagnosis 
in CRC patients.

Validation of the panels in another independent dataset
The model was validated in another cohort consisting of 
75 patients with early stage CRC and 90 controls (35 HD, 
20 colitis, and 35 colorectal adenoma patients) (Addi-
tional file 1: Table S1). As shown in Fig. 5a, the AUC value 
of the model (AUC = 0.976; sensitivity: 93.3%; specificity: 
93.3%) was better than CEA (AUC = 0.596; sensitivity: 

logit (P) = −8.822 + 3.743 IL− 17A + 1.030 CCL20.

(See figure on next page.)
Fig. 3 Expression of CCL20 and IL-17A were higher and closely related in sera and tumor tissues of CRC patients. a Evaluation of the expression of 
CCL20 and IL-17A in sera from 112 CRC patients, 59 HD, 52 colitis and 40 colorectal adenoma patients. Student’s t test was used. b The expression 
of serum CCL20 and IL-17A in different stage. Student’s t test was used. c Correlation between serum levels of CCL20 and IL-17A in CRC patients. 
Spearman correlation coefficient was calculated. d Immunohistochemical staining of CCL20 and IL-17A in paired adjacent normal and tumor tissues 
from one case. Immune reactivity score (IRS) was evaluated in paired adjacent normal and tumor tissues. e IRS was evaluated in different stage. f 
Correlation between protein levels of CCL20 and IL-17A in tumor tissues from CRC patients and correlation between mRNA levels of CCL20 and 
IL-17A from GEO and TCGA databases (*p < 0.05; **p < 0.01; ***p < 0.001)
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Fig. 4 ROC curves for the ability of the CCL20-IL-17A panel to differentiate CRC patients from the control group in the training dataset. ROC curves 
of CCL20 and IL-17A for CRC cases with overall stages (I–IV) (a), early stages (I/II) (b), low-CEA level group (c) and high-CEA level group (d)

Fig. 5 ROC curve analysis of the CCL20-IL-17A-based diagnostic model in distinguishing CRC cases with early stage from controls in the validation 
dataset. ROC curves of the model for CRC cases with early stage (a), low (b) and high (c) CEA level group
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46.7%; specificity: 86.7%). Simultaneously, in the high-
CEA level (> 5 ng/ml) group, the AUC of the panel was 
0.959 (sensitivity: 88.6%; specificity: 91.7%; Fig. 5b). In the 
low-CEA level (< 5  ng/ml) group, the AUC of the panel 
was 0.981 (sensitivity: 95.0%; specificity: 96.7%; Fig.  5c). 
These results confirmed that the serum levels of CCL20-
IL-17A panel-based screening protocol may improve the 
efficacy of early diagnosis in CRC patients.

Prognosis evaluation
The overall survival (OS) times of CRC patients with 
lower serum level of CCL20 were longer compared with 
those with higher CCL20 expression (p = 0.0288, Fig. 6a). 
IL-17A expression levels were equally inversely associ-
ated with outcomes of CRC patients (p = 0.0193, Fig. 6b). 
Comparing to the patients with low expression of both 
biomarkers, patients with high expression of both bio-
markers showed a evidently shorter OS (p = 0.0147), 
whereas patients with only one high-risk biomarker have 
no significant difference (Fig.  6c). It indicated that the 
two-biomarkers signature exhibited greater prognostic 
performance than one-single-biomarker.

As shown in Additional file  1: Table  S4, univari-
ate analysis revealed that N stage (hazard ratio = 2.60, 
p = 0.005), M stage (hazard ratio = 1.99, p = 0.03), liver 
metastasis (hazard ratio = 2.32, p = 0.04), age (hazard 
ratio = 1.97, p = 0.04), site of lesion (hazard ratio = 1.52, 
p = 0.04), overall stage (hazard ratio = 1.69, p = 0.02), 
serum CCL20 levels (hazard ratio = 2.32, p = 0.02), serum 
IL-17A levels (hazard ratio = 2.32, p = 0.014), and the 
combination of CCL20 and IL-17A (hazard ratio = 2.46, 
p = 0.03) were significantly associated with poor progno-
sis. Interestingly, a multivariate Cox’s regression analysis 

revealed that age (hazard ratio = 1.98, p = 0.04), site of 
lesion (hazard ratio = 3.14, p = 0.02), overall stage (haz-
ard ratio = 1.37, p = 0.03), CCL20 (hazard ratio = 1.12, 
p = 0.001), IL-17A levels (hazard ratio = 1.22, p = 0.04) 
and the combination of CCL20 and IL-17A (hazard 
ratio = 1.45, p = 0.04) were independent prognostic 
factors for the OS of CRC patients (Additional file  1: 
Table S4). In summary, these results suggest significantly 
prognostic values of serum CCL20 and IL-17A levels in 
CRC patients.

CCL20 and IL‑17A function
To analyze the function of CCL20 and IL-17A, differen-
tial expression genes were found according to the high 
and low expression groups indicated by the GOs. The 
main GO categories for differential expression genes 
were related to functions such as biological regulation, 
response to stimulus, cell–cell signaling, cell develop-
ment, cell communication, and cell proliferation (Fig. 7a, 
b). Further analysis of GSEA, a powerful tool in inferring 
the biological function, was performed. The results indi-
cated that genes that contributed to positive regulation 
of the canonical WNT signaling pathway, the epithelial 
to mesenchymal transition, and epithelial cell migra-
tion, were significantly enriched in both CCL20 highly 
expressed (Fig.  7c) and IL-17A highly expressed sam-
ples (Fig. 7d) of CRC patients. Finally, we observed that 
CCL20 and IL-17A levels were both positively associ-
ated with levels of CD44 and MMP3, which are closely 
related to cancer progression (Fig.  7e, f ). Collectively, 
these results suggest that CCL20 and IL-17A levels play 
an important role in CRC development.

Fig. 6 CCL20 and IL-17A levels were inversely associated with outcomes of CRC patients. a–c Serum CCL20 and IL-17A expression and follow-up 
data of 112 CRC patients were analyzed for the correlation between the two cytokines expression and survival
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Discussion
CRC is one of the leading causes of cancer mortality 
globally. Although there have been great advances in 
the diagnosis and prognosis of CRC in past decades, the 
dire need for improving early detection screening meth-
ods exist. Cytokines and chemokines have been recently 
reported to be of diagnostic and prognostic value in dif-
ferent cancers [21, 22]. There is a growing consensus that 

effective detection of early-stage cancer will likely rely 
on biomarker panels that have greater specificity and 
sensitivity, compared with single biomarkers [23, 24]. 
However, the potential diagnostic and prognostic roles 
of chemokine–cytokine combinations in serum have not 
been investigated. Therefore, this study aimed at identi-
fying some potential biomarkers for early diagnosis and 
prognostic prediction of CRC.

Fig. 7 Functional analysis for CCL20 and IL-17A. a, b GO analysis of CCL20, IL-17A. c, d GSEA showed that CCL20, IL-17A were associated with 
positive regulation of canonical WNT signaling pathway, epithelial to mesenchymal transition (EMT), and positive regulation of epithelial cell 
migration. e, f Correlation between CCL20/IL-17A and CD44, MMP3 were analyzed. Spearman correlation coefficient was calculated
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In this study, we showed for the first time that a com-
bination of serum CCL20 and IL-17A levels was a novel 
and effective diagnostic biomarker panel for early-stage 
CRC patients. Firstly, the expression of CCL20 and IL-
17A in CRC tissues was significantly higher than that in 
other cancer tissues. Secondly, we found that the serum 
concentrations of CCL20 and IL-17A in CRC patients 
were significantly higher than those in healthy individu-
als. The higher expression of CCL20 and IL-17A was 
strongly correlated with advanced clinicopathological 
factors. Thirdly, the ROC curve analysis showed that a 
combination of CCL20 and IL-17A was an effective panel 
for discriminating CRC cases from HD, and colitis from 
colorectal adenoma cases. Surprisingly, this panel had the 
potential to distinguish stage I/II CRC patients from the 
controls. Finally, we also demonstrated that the panel was 
a more sensitive indicator than the conventional CEA 
biomarker. Even in the low-CEA level group, the diag-
nostic sensitivity and specificity of the panel remained 
satisfactory. Overall, we validated the high accuracy of a 
combination of CCL20 and IL-17A in the early diagnosis 
of CRC in patients.

This study equally revealed that CCL20 and IL-17A 
expression levels serve as prognostic biomarkers. Ini-
tially, we observed that the expression of CCL20 and 
IL-17A in the serum was closely associated with adverse 
clinicopathological parameters. In addition, their ele-
vated serum levels were associated with poor survival. 
Moreover, serum CCL20 and IL-17A were observed as 
independent prognostic factors. Collectively, our study 
demonstrated that CCL20 and IL-17A may also be prog-
nostic CRC predictors in addition to being potential 
diagnostic biomarkers.

Although serum CCL20 and IL-17A appear to be 
promising biomarkers, our current study is limited for 
several reasons. First, elevated CCL20 and IL-17A levels 
may be reflective of inflammatory conditions, which can 
affect the efficacy of disease detection. Another poten-
tial limitation of this study was the application of medi-
ans as the defined cut-off. Finally, clinical parameters are 
variable between institutions and/or individual clinicians; 
hence, the results of this small cohort may reflect biases 
inherent in the acquisition of such clinical data. There-
fore, the validation of CCL20 and IL-17A as CRC bio-
markers will require future large-scale counter screening.

Conclusions
In summary, our study demonstrated that serum CCL20-
IL-17A panels were effective diagnostic biomarkers for 
early-stage CRC patients. Moreover, high CCL20 and IL-
17A levels predicted shorter OS in CRC patients and can 
be used as independent prognostic factors. In conclusion, 

our study provides the first evidence that serum CCL20 
and IL-17A levels in combination may serve as highly 
effective early diagnostic biomarkers and prognostic pre-
dictors of CRC patients.

Additional files

Additional file 1. Additional tables.

Additional file 2. Additional methods.

Additional file 3: Fig. S1. CCL20 and IL-17A expression are higher in CRC 
than the expression in other cancers. A. The expression of CCL20 and 
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