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Abstract: The role of chronic inflammation in colorectal cancer development and progression is an issue of high 
interest. Cytokine and cytokine receptor interaction networks are regarded as crucial aspects of inflammation and 
tumor immunology, particularly for colorectal cancer. However, cytokine expression pattern genes have never been 
established for colorectal cancer prognosis prediction. Using a gene-mining approach with TCGA and GEO database, 
we identified an eight-gene signature in cytokine and cytokine receptor interaction signaling pathway, which is sig-
nificantly associated with the colorectal patients’ prognosis. Based on this eight-gene model, we classified patients 
for training sets into two groups, patients that with high-risk and low risk group, due to significant difference on 
overall survival (HR=2.72; P=0.00001) and RFS (HR=1.87; P=0.0007). The prognostic value of these eight cytokine-
cytokine receptor interaction gene panels was validated in independent testing sets. Our results might provide an 
aid for colorectal cancer prognosis evaluation and preselect patients suitable for more effective therapy strategies.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cancers in the world and also one of the 
leading causes of cancer-related death world-
wide [1]. The role of chronic inflammation in 
colorectal cancer development and progres-
sion is an issue of high interest. Favorable pro- 
gnosis in CRC patients was found associating 
with robust anti-tumor immunity, though CRC 
risk is significantly higher in patient with chron-
ic intestinal inflammation [2]. 

Cytokines mixture produced in tumor microen-
vironment relevant to infection, and inflamma-
tion are known as important inflammatory ef- 
fect mediators for oncogenesis both in inflam- 
mation-induced neoplasia and inflammation 
that follows tumor development [3]. Cytokine 
and cytokine receptor interaction networks are 

regarded as crucial effects on inflammation, as 
well as tumor immunology, particularly for co- 
lorectal cancer [4]. Cytokines and its receptors, 
such as tumor necrosis factor and interleukin- 
6, are regarded as central players in CRC. They 
drive key oncogenic transcription factors acti-
vation. STAT3 and NF-κB in intestinal epithelial 
cells have been reported to promote prolifera-
tion and function an anti-apoptotic role [5]. IL- 
11 induced by TGF-β-stimulated cancer-related 
fibroblasts could increase the efficiency of me- 
tastasis and colonization of CRC [6].

The correlation between inflammatory related 
cell pattern in CRC tumors and clinical outcome 
has further been elaborated as “Immunoscore” 
by Galon and his colleagues [7, 8]. Recently, 
gene signatures generated from microarray or 
RNA-seq data, such as Oncotype DX [9, 10], Co- 
loPrint [11] and ColoGuideEx [12], have been 
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used to identify patients with a more aggres-
sive phenotype or poor outcomes in colorectal 
adenocarcinoma. Compared with conventional 
pathological criteria, genomic classifiers can 
provide more accurate risk of recurrence infor-
mation and may facilitate selection of patients 
who can get more benefit from chemotherapy. 
However, these genomic-based molecular clas-
sification method might not help to develop 
patient pre-selection tool for specific inhibitor 
targeted therapy. Thus, the necessity to estab-
lish a pathway or multi pathway based gene 
expression signature has been raised. 

In this study, we included genes that are rela- 
ted to all major cytokines and cytokine recep-

tors, like interleukins (IL), chemokines, interfer-
ons (IFN) and transforming growth factor beta 
(TGF-β). By analyzing the association between 
gene expression profiling and clinical outcome 
of colorectal patients, we identified an eight-
gene signature, which is associated with cyto-
kine and cytokine receptor interaction and sig-
nificantly correlated with the prognosis of colo- 
rectal patients. Our findings may provide useful 
aid for the development of novel colorectal can-
cer therapies.

Materials and methods

Data processing

Gene expression profile and corresponding clin-
ical data were retrieved from the Cancer Geno- 
me Atlas (TCGA) thorough Cancer Genomics 
Browser of University of California Santa Cruz 
(UCSC) (https://genome-cancer.ucsc.edu) [13]. 
367 colorectal cancer samples with detailed 
gene expression and survival information were 
selected for study [14]. Microarray studies from 
the GEO database are downloaded from GEO 
website (http://www.ncbi.nlm.nih.gov/geo). Two 
independent datasets GSE39582 (N=566) and 
GSE17536 (N=177) with either overall survival 
or recurrence-free survival information were 
selected as testing sets. Totally, 1110 colorec-
tal cancer patients were analyzed and their 
clinical data are presented in Table 1. 

264 genes associated with cytokine-cytokine 
receptor interaction were obtained from the 
KEGG (Kyoto Encyclopedia of Genes and Ge- 
nomes, http://www.genome.ad.jp/kegg), inclu- 
ding chemokines, hematopoietins, Interferon 
family, TNF family, TNF-beta family and FDGF 
family members. Figure 1 depicts the workflow 
of this study.

Statistical analysis

The correlation between gene expression and 
patient’s overall survival was calculated with 
univariate Cox proportional hazards regress- 
ion analysis. Genes with p value <0.01 were 
selected as candidate genes. Then the candi-
date genes were fitted in a multivariable Cox 
regression model in the TCGA colorectal can- 
cer cohorts [15]. A risk score formula was con-
structed by including each of these selected 

Table 1. Clinicopathologic characteristics of pa-
tients in three sets [N (%)]

Characteristic TCGA 
(N=367)

GSE39582 
(N=566)

GSE17536 
(N=177)

Age (years)
    Median 66 68 66
    Range 31-90 22-97 26-92
    <65 170 (46.3) 211 (37.3) 78 (44.1)
    ≥65 197 (53.7) 354 (62.5) 99 (55.9)
Sex
    Male 202 (55.0) 310 (54.8) 96 (54.2)
    Female 165 (45.0) 256 (45.2) 81 (45.8)
T stage
    T1-2 66 (18.0) 56 (10.0) NA
    T3-4 299 (81.5) 486 (85.9) NA
N stage
    N0 201 (54.8) 302 (53.3) NA
    N1 97 (26.4) 134 (23.7) NA
    N2 67 (18.0) 98 (17.3) NA
M stage
    M0 251 (68.4) 482 (85.2) NA
    M1 50 (13.6) 61 (10.8) NA
    MX 61 (16.6) 3 (0.5) NA
Stage
    I 56 (15.3) 33 (5.8) 24 (13.6)
    II 132 (36.0) 264 (46.6) 116 (65.5)
    III 111 (30.2) 205 (36.2) 57 (32.2)
    IV 51 (13.9) 60 (10.6) 39 (22)
Chemotherapy
    Yes 39 (10.6) 233 (41.2) NA
    No 30 (8.2) 316 (55.8) NA
    Unknown 298 (81.2) 17 (3.0) NA
TCGA, The Cancer Genome Atlas; NA, Not Available.
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genes, weighted by their estimated regression 
coefficients from the multivariable Cox regres-
sion [16]. By using the median of risk scores  
as the cutoff point, patients were divided into 
high risk and low risk group. Kaplan-Meier anal-
ysis was executed to estimate the survival time 
in the two different groups [17, 18]. Log-rank 
test was used to evaluate the statistical signifi-
cance between the two survival groups. A two-
sided P value <0.05 was considered statistical 
significant.

Receiver operating characteristic (ROC) curves 
were used to estimate the sensitivity and spe- 
cificity of the survival prediction of the genes 

The association of eight cytokine and cytokine 
receptor interaction gene signatures and pa-
tient’s survival in training set and testing sets

As showed in materials and methods, the risk 
scores of colorectal cancer patient in training 
sets was calculated using the follow formula: 
Risk score = Gene (n) expression coefficient (n)n 1

8
)=

/ . 
Patients were divided into low-risk and high-
risk groups by using median as cut-off. The risk 
scores distribution, survival status and gene 
expression profiles for TCGA training sets were 
shown in Figure 2. Patients with high risk sco- 
re revealed significant shorter overall survival 
time than those with low risk score (log-rank 

Figure 1. Workflow chart of our study. TGGA, the Cancer Genome Atlas; GEO, 
Gene Expression Ominus.

Table 2. Eight gene significantly associated with the overall survival 
in the training-set patients
Gene 
symbol Full name p value Hazard 

ratio Coefficient

VEGFC Vascular endothelial growth factor C 0.00261 1.306 0.1323
TGFB3 Transforming growth factor beta-3 0.00453 1.195 -0.0280
TGFB2 Transforming growth factor-beta 2 0.00197 1.254 0.1255
LEP Leptin 0.00055 1.199 0.0566
INHBC Inhibin beta C 0.00725 1.549 0.3941
INHBB Inhibin beta B 0.00662 1.172 0.0429
IL20RB Interleukin 20 Receptor Beta 0.00055 1.340 0.2613
GDF5 Growth/differentiation factor 5 0.00822 1.182 0.0377
Coefficient, Coefficients in the multivariate cox regression analysis.

risk model and other indica-
tors. Area under the curve 
(AUC) values were measur- 
ed for the ROC curves. All 
the data were analyzed with 
R 3.2.1 (www.rproject.org). 

Results

Identification of prognos-
tic cytokine and cytokine 
receptor interaction genes 
from the TCGA COADREAD 
data set

Totally, 264 genes involved 
in cytokine and cytokine re- 
ceptor interaction pathway 
were identified, and mRNA 
expression profile of these 
genes were retracted from 
the TCGA and the GEO da- 
tasets. The TCGA colorectal 
cancer cohort was taken as 
training set, using for detect-
ing prognostic genes. Eight 
cytokine receptor interac-
tion genes showed signifi-
cant associations with over-
all survival (P≤0.01). Hazard 
ratio of all these genes 
(GDF5, IL20RB, INHBB, IN- 
HBC, LEP, TGFB2, TGFB3 
and VEGFC) were above  
1, indicating that elevating 
mRNA expression of these 
genes were associated with 
poor prognosis. More details 
were described in Table 2.
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P=0.00045) (Figure 3A). Apart from that, we 
also performed univariate Cox regression anal-
ysis to estimate the correlation of the eight 
gene risk score with overall survival (HR=2.72; 
P<0.00001) and recurrence free survival (HR= 
1.87; P=0.00073).

Two colorectal cancer datasets GSE39582 and 
GSE17536 was used as the testing sets, using 
the same methods and confidents as training 
sets. In consistence with the results described 
above, patients with high risk score had shor- 
ter survival time than those with low risk score 
(Figure 3B-F). According to univariate Cox regre- 
ssion analysis, patients with high risk score 
were significantly associated with shorter over-
all survival (Tables 3 and 4).

Prognostic value of the eight gene expression 
signature is independent of clinical param-
eters

Further investigation was performed in training 
set, to assess whether our eight-gene model 
could predict prognosis independent of other 
clinical factor, such as age, gender stage and 
tumor primary site. The result showed that with-
in female or male CRC patients, those with high 
risk score both likely to have poor prognosis 
(Figure 4A and 4B); while high risk score can 
predict poor outcome in stage III&IV patient 
(Figure 4D), not in those of stage I&II (Figure 
4C). We also found the risk scores were positive 
associated with AJCC stage (Figure 4E). More 
subtype analysis was shown in Figure S1. Re- 
ceiver operating characteristic (ROC) analysis 

Figure 2. The risk scores distribution, survival status and gene expression profiles for TCGA training sets. A. Eight 
gene based risk score distribution; B. Overall survival status and survival time; C. Heatmap of the selected gene 
expression profiles.
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also indicated that the risk score may have as 
similar prediction effect as AJCC stage for CRC 
patients (Figure 4F).

We then carried out univariate and multivariate 
Cox regression analysis that included eight-
gene risk score and other clinical factors upon 

Figure 3. The association of eight-gene signatures and patient’s survival in training set and testing sets. Kaplan-
Meier curves of (A-C) overall survival of TCGA, GSE39582 and GSE17536; (D, E) Recurrence-free survival of TCGA 
and GSE39582; (F) Disease-free survival of GSE17536.

Table 3. Univariate and multivariate cox regression analyses of overall survival in each data set

Variables
Univariate model

p value
Multivariate model

p value
HR 95% CI HR 95% CI 

Training set (TCGA)
    8 gene risk score (high risk vs. low risk) 2.17 1.39-3.38 0.0006 1.89 1.17-3.05 0.009
    Age (≥65 vs. <65) 2.15 1.34-3.44 0.0015 2.77 1.66-4.62 9.31E-05
    Gender (male vs. female) 1.22 0.79-1.88 0.366 1.05 0.66-1.66 0.8459
    Stage (I/II/III/IV) 1.94 1.49-2.52 6.55E-07 1.97 1.50-2.60 1.37E-06
Testing set (GSE39582) 
    8 gene risk score (high risk vs. low risk) 1.46 1.10-1.95 0.0098 1.36 1.02-1.82 0.037
    Age (≥65 vs. <65) 1.47 1.08-2.00 0.0138 1.73 1.27-2.36 0.0005
    Gender (male vs. female) 1.31 0.98-1.75 0.0684 1.41 1.05-1.88 0.0213
    Stage (I/II/III/IV) 1.92 1.57-2.34 1.93e-10 2.01 1.63-2.46 3.35e-11
Testing set (GSE17536) 
    8 gene risk score (high risk vs. low risk) 1.58 0.99-2.52 0.0565 1.51 0.93-2.45 0.092
    Age (≥65 vs. <65) 0.96 0.60-1.52 0.848 1.25 0.77-2.02 0.360
    Gender (male vs. female) 1.105 0.69-1.76 0.674 0.95 0.58-1.55 0.837
    Stage (I/II/III/IV) 2.85 2.11-3.86 9.20E-12 2.97 2.17-4.08 1.24E-11
TCGA, The Cancer Genome Atlas; HR, Hazards ratio; CI, Confidence interval.
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training and testing sets (Tables 3 and 4). As 
gene risk score, age, stage and gender are 
available in all cohorts, they were defined as 
covariates in the multivariate cox regression 
model (chemotherapy only available in partial 
TCGA patients and all GSE39582 samples). 
Taken together, these results showed that 
eight-gene risk score may serve as a powerful 
predictor of patient survival when adjusted  
by age, gender or stage in three independent 
datasets. 

The eight gene signature for survival predic-
tion in patient with adjuvant chemotherapy

We also assessed the prognostic value of the 
signature for the patients with or without post-
operative chemotherapy. Adjuvant chemother-
apy information were available in the GSE395- 
82 series. There are 233 patients who were get 
adjuvant chemotherapy, and 313 patients with-
out, respectively. We found that high-risk score 
was significantly correlated with an unfavorable 
overall survival (Figure 5A-C) in patients with 
chemotherapy (HR=2.35, P=0.07) and those 
without (HR=4.12, P=0.006); recurrence-free 
survival (Figure 5D-F) of patients with chemo-
therapy (HR=2.71, P=0.015) and those without 
(HR=11.96, P<0.001). The result indicated that 
the eight gene signature model may have a 
more powerful predict effect in predicting re- 
currence free survival.

Discussion

In the present study, we mined cytokine-cyto-
kine receptor interaction pathway gene expres-
sion profiles of 1110 colorectal cancer patients 
from TCGA and GEO database. By analyzing the 
association between gene expression profiling 
and prognosis of colorectal patients, we identi-
fied an eight genes, which are in cytokine and 
cytokine receptor interaction pathway, signifi-
cantly related to the overall survival of colorec-
tal patients. Further, we investigated the prog-
nostic value of the eight-gene signature in dif-
ferent datasets and demonstrated the eight-
gene signature is an independent predictor for 
colorectal cancer.

Among the eight genes identified in the pre- 
sent study, five of TGF-β superfamily members: 
TGFB2, TGFB3, INHBB, INHBC and GDF5 can 
bind to its TGF-β ligands and initiated TGF-β sig-
naling. They were considered to play important 
roles in several biological processes, including 
cell proliferation, migration and apoptosis [19]. 
Previous study revealed that elevated TGFB 
(TGFB2 and TGFB3) level in CRC can influence 
disease progression and is associated with 
poor-prognosis [20]. INHBA upregulation indi-
cated a poorer outcome in CRC [21], as well as 
INHBB and INHBC. Previous studies have re- 
ported that VEGFC plays an important role  
in lymphangiogenesis. Survival time of VEGF-C 

Table 4. Univariate and multivariate cox regression analyses of disease free survival in each data set

Variables
Univariate model

p value
Multivariate model

p value
HR 95% CI HR 95% CI

Training set (TCGA)
    8 gene risk score (high risk vs. low risk) 2.03 1.29-3.21 0.0023 1.76 1.10-2.82 0.0191
    Age (≥65 vs. <65) 0.84 0.54-1.31 0.444 0.84 0.53-1.34 0.4674
    Gender (male vs. female) 1.55 0.98-2.45 0.062 1.58 0.98-2.55 0.0591
    Stage (I/II/III/IV) 2.01 1.54-2.63 3.93E-07 1.88 1.43-2.46 5.72E-06
Testing set (GSE39582) 
    8 gene risk score (high risk vs. low risk) 2.24 1.64-3.06 4.37e-07 1.96 1.43-2.69 2.5e-05
    Age (≥65 vs. <65) 0.84 0.62-1.13 0.252 1.01 0.75-1.36 0.9546
    Gender (male vs. female) 1.27 0.94-1.71 0.123 1.42 1.05-1.92 0.0247
    Stage (I/II/III/IV) 2.69 2.17-3.32 <2e-16 2.71 2.17-3.39 <2e-16
Testing set (GSE17536) 
    8 gene risk score (high risk vs. low risk) 5.93 2.47-14.27 7.05E-05 5.31 2.20-12.82 0.0002
    Age (≥65 vs. <65) 0.66 0.34-1.27 0.214 0.88 0.45-1.71 0.7017
    Gender (male vs. female) 1 0.52-1.92 0.9999 0.94 0.48-1.84 0.8617
    Stage (I/II/III/IV) 2.05 1.35-3.10 0.0007 2.01 1.26-3.21 0.0036
TCGA, The Cancer Genome Atlas; HR, Hazards ratio; CI, Confidence interval.
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positive patients was shorter than VEGF-C neg-
ative ones [22]. As Leptin may regulate colorec-

tal carcinoma proliferation and apoptosis th- 
rough PI3K/Akt/mTOR signaling pathway, it is 

Figure 4. The association of eight-gene signatures and clinical parameters in training set. Kaplan-Meier curves of 
high and low risk group in patients of (A) female; (B) Male; (C) Stage I&II; (D) Stage III&IV; (E) Risk score base eight 
gene was associated with AJCC stage; (F) ROC analysis for eight gene signature and clinical stage.
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considered to be a risk factor for colorectal 
cancer development [23]. GDF5 and IL20RB 
seems have no directly tumorgenesis function 
in colorectal cancer. Further investigations of 
these genes upon vivo and vitro level may en- 
hance our understanding of their prognosis 
roles in colorectal cancer.

The eight-gene signature have predicative and 
prognostic effect in colorectal cancer patient 
under adjuvant chemotherapy

According to the result, the eight-gene signa-
ture was demonstrated as an independent and 
reliable prognostic predictor for colorectal can-
cer in both datasets. Apart from that, we no- 
ticed that the cytokine-cytokine receptor inter-
action gene signature can also predict an unfa-
vorable prognosis of patients with postopera-
tive chemotherapy in the GSE39582 cohorts. 
The association between high risk score pa- 
tients and adjuvant chemotherapy resistance, 
indicating the possibility of chemotherapy re- 

sponse involvement and therapeutic outcome 
contribution of those signature genes. Thereby, 
we propose the crucial role of the eight-gene 
predictor in drug resistance and treatment out-
comes, as they may reflect activation state of 
inflammation and tumor microenvironment.

Although this study retrieved large populations 
from different platform and have a long-time 
follow-up, the limitations should be acknowl-
edged as well. First, mRNA expression profiles 
were taken from different center different plat-
form: (TCGA) Illumina RNA-seq and (GEO) Affy- 
metrix microarray. Second, the significance and 
robustness of the eight-gene signature as a 
prognostic predictor require large prospective 
patient cohorts confirmation. Further validation 
will contribute to a more powerful and reliable 
prognosis predictor for CRC.

In conclusion, we have developed a cytokine-
cytokine receptor interaction gene signature 
model that can predict colorectal cancer prog-

Figure 5. The eight gene signature for survival prediction in patient with adjuvant chemotherapy. Kaplan-Meier 
analysis of overall survival for (A) all patients (N=562); (B) Patients with chemotherapy (N=240); (C) Patients without 
chemotherapy (N=323). Kaplan-Meier analysis of recurrence free survival for (D) all patients (N=561); (E) Patients 
with chemotherapy (N=239); (F) Patients without chemotherapy (N=322).
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nosis in three independent data sets. The  
cytokines gene expression pattern signature 
can also predict unfavorable prognosis of pa- 
tients with postoperative chemotherapy, which 
means it can improve molecular classification 
and outcome prediction for colorectal cancer 
alone or combining with other molecular prog-
nostic predictors. Specifically, it can help to 
identify patients who may benefit more from 
chemotherapies, or help to select the patients 
suitable for their use. However, further rese- 
arch is needed for better understanding of the 
role of cytokine-cytokine receptor interaction 
signaling networks in colorectal cancer deve- 
lopment.
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Figure S1. The association of eight-gene signatures and other clinicalparametersin TCGA. Kaplan-Meier curves of 
high and low risk group in patients of (A) rectum; (B) Colon; (C) Youngpatients (age <65); (D) Elderpatients (age ≥65).


