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Abstract. Cytokines play an important role in the develop-
ment of tumors. The purpose of the present study was to
evaluate the mechanisms and cytokine level changes after
transarterial chemoembolization (TACE) in patients with
hepatocellular carcinoma (HCC). The Short Time-series
Expression Miner (STEM) program was utilized to cluster
cytokine expression profiles from the day before TACE to
day 21 post-TACE. Based on the identified significant signa-
tures, Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes pathway analyses were performed. Cytokines
were serially monitored in 60 evaluable patients to identify
the results of the STEM program. Examination of the signifi-
cant signatures identified 6 significant time-varied expression
patterns for 507 cytokines (profiles 16, 18, 28, 41, 42 and 43).
GO analysis was enriched in ‘cytokine receptor-binding’ and
‘cytokine receptor activity’, and the identified signaling path-
ways included ‘cytokine-cytokine receptor interaction’ and the
‘JAK-STAT signaling pathway’. Ciliary neurotrophic factor
(CNTF) level was increased early after TACE, reaching a peak
on day 7 before finally decreasing from day 14 onwards, and
was significantly positively correlated with aminotransferase
level. Serum levels of pre-TACE IL-10 predicted the local
tumor response and overall survival (OS) of the patients,
while serum levels of post-TACE IL-1p only indicated the
local tumor response of the patient. Overall, the present study
identified cytokine time-series expression profiles of patients
with HCC undergoing TACE. Early phase increases in CNTF
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after TACE were associated with post-treatment hepatic
injury. IL-1p may reflect an objective response after TACE,
while IL-10 may represent a biomarker for OS and the objec-
tive response pre-TACE, which may help patients with HCC to
benefit from TACE.

Introduction

Hepatocellular carcinoma (HCC) is a heterogeneous malig-
nant tumor that ranks as the fifth most common primary
malignancy and the third leading cause of cancer-associated
mortality worldwide (1). Several studies, including studies
in North America, Europe, Asia and Australia, have shown
that the prognosis is poor in patients with HCC (2-4). Despite
recent advances in treatment methods, such as surgical resec-
tion and liver transplantation, curative treatment for advanced
tumor stages and patients with metastasis is often not feasible.
As a standard therapeutic option for intermediate-stage
or non-resectable HCC, transarterial chemoembolization
(TACE) has been shown to have benefits (5). According to the
Barcelona Clinic Liver Cancer (BCLC) staging system, TACE
has been identified as an alternative or combination therapy
in patients with early or advanced HCC (6). In patients with
BCLC stage A, TACE combined with radiofrequency abla-
tion (RFA) exerts better local tumor control compared with
that achieved by RFA alone. For patients with BCLC stage C,
sorafenib plus TACE significantly delays tumor progression
and provides improved survival (7).

Cytokines are a broad and loose category of small proteins
that include chemokines, interferons, interleukins, lympho-
kines and tumor necrosis factors (TNFs), and are produced and
released by different cells in the liver; cytokines play an impor-
tant role in inflammation and tumor progression (8). As such,
TNF-a acts as a master switch in establishing an intricate link
between proinflammation and disease progression in patients
with glioblastoma (9). Through a granulocyte-macrophage
colony-stimulating factor- and interleukin (IL)-5-dependent
mechanism, obesity-mediated low-grade inflammation
increases breast cancer metastasis to the lung (10). IL-10 is
associated with numerous malignancies, including non-small
cell lung cancer (NSCLC), diffuse large B-cell lymphoma, and
cervical and oral cancer (11-15). Moreover, Zhang et al (16)
identified a hypoxia-inducible factor (HIF)-1o/IL-1f signaling
loop in the tumor microenvironment that results in liver cancer
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cell epithelial-mesenchymal transformation (EMT) and
metastasis. Chemokine ligand 5 (CCL5) plays an important
role in the process of chronic liver inflammation, which leads
to HCC development by reducing immune cell infiltration,
such as CD4* and CD8* T cells (17).

To date, little is known about the detailed changes that
occur in cytokine profiles after TACE. Due to its rarity, the
majority of previous studies have focused on individual cyto-
kines, and prior to the present study, few studies have explored
changes in serum cytokines, signaling pathways and disease
prognosis based on microarray data (18-22). The general focus
of the present study was to identify differences in the cytokine
expression profiles of patients with HCC undergoing TACE
with a specific interest in identifying significantly changed
biological processes and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways. The specific aims of the present
study were to investigate the associations among time-depen-
dent changes in cytokine panels and immune reactions, and
to evaluate the circulating levels of cytokines as prognostic
markers.

Materials and methods

Patients. A total of 60 patients admitted to the Zhongshan
Hospital (Shanghai, China) who received TACE therapy at the
Liver Cancer Institute, and 10 healthy controls (=18 years old;
5 males and 5 females), were prospectively recruited between
January 2013 and December 2014 and enrolled in the present
study (the patient characteristics are shown in Table I). All
patients possessed a diagnosis of HCC according to histological
evidence or elevated a-fetoprotein (AFP) levels (>200 ng/ml)
with positive radiological findings using CT/MRI. The primary
inclusion criteria were as follows: i) Hepatitis B virus as the
cause of HCG; ii) patients with Child-Pugh class A or B who
had a non-resectable tumor (23); iii) an age =18 years; iv) defi-
nite BCLC staging (6); and v) clinical and laboratory data,
including biochemical parameters, hematological parameters,
such as albumin, AFP, alanine transaminase and bilirubin, and
tumor sizes, which were recorded at baseline and post-TACE.
All chemoembolization procedures were conducted via the
right femoral artery and all patients undergoing treatment via
TACE were examined by computed tomography or magnetic
resonance imaging to evaluate the curative effect based on
RECIST 1.1 and mRECIST (24), designated as complete
response (CR), partial response (PR), stable disease (SD), or
progressive disease (PD). CR and PR were further summarized
into objective response (OR). Patients were excluded if there
was no clear survival time. A total of 10 patients (=18 years
old; 5 males and 5 females) were randomly selected from the
60 patients with HCC to compare their serum cytokine levels
with those of healthy controls, with the samples collected at
the pre-intervention time point. Informed written consent was
provided by each patient, and the present study was approved
by the Ethics Committees of Zhongshan Hospital. The study
protocol was conducted in accordance with the ethical stan-
dards specified in the Declaration of Helsinki.

Treatment and follow-up laboratory data. Clinical and
laboratory data of enrolled patients were recorded at baseline
(pre-TACE day 0) and at regular intervals (post-TACE day 3, 7,
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14 and 21) during the follow-up period, including patient age,
sex, hematologic parameters, alanine/aspartate aminotrans-
ferases (AST/ALT), albumin, total bilirubin and portal vein
invasion. The 60 patients with HCC were subsequently divided
into 2 groups based on tumor size (<5 and >5 cm) and ALT
levels (=40 and >40 U/1) for further analysis.

Microarray data and processing. Serum samples were
collected prior to TACE therapy and again on days 3, 7, 14 and
21 after the procedure. All samples were stored at -80°C, and
9 serum samples randomly selected from the 60 patients with
HCC were labelled (Table SI), hybridized and washed using
an Agilent hybridization 5188-5242 kit (Agilent Technologies,
Inc.). Slides were analysed using an Agilent Microarray
Scanner with Feature Extraction G4463AA software (Agilent
Technologies, Inc.). Each serum sample obtained pre-TACE
(day 0) was compared with those obtained on days 3, 7, 14 and
21 and used the limma package of R 3.6.1 software (25) to iden-
tify differentially expressed cytokine genes (DECs). P<0.05
and llog fold-change (FC)I >1 were counted as detected signals.
Subsequently, the pheatmap package in R 3.6.1 software (25)
was used to construct a heat map of differentially expressed
genes. To ensure specificity, the DECs of all four groups (day
3,7, 14 and 21 vs. day 0, respectively) were integrated using
venn2.1 (http://bioinfogp.cnb.csic.es/tools/venny/index.html).

Short time-series expression miner (STEM). First, the STEM
algorithm and 1.3.12 software was used to analyse the dataset
using the 507 identified cytokine microarray (http:/www.
cs.cmu.edu/~jernst/stem) (26). Following the input phase, the
STEM clustering algorithm was executed and displayed the clus-
tering results. The clustering algorithm that STEM implements
takes advantage of a point-in-time of the dataset and selects a
set of distinct and representative temporal expression profiles
called model profiles (Fig. 1A). Each gene was assigned to the
model profile that most closely matched that gene's expression
profile as determined by the correlation coefficient. Next, the
standard hypothesis testing was used to determine which model
profiles had significantly more genes assigned to them under the
true ordering of the time points in the permutation runs. The
parameters used for STEM clustering were set at a maximum
of 50 model profiles, a maximum unit change between time
points of 2 and a minimum correlation for clustering similar
profiles >0.7. Finally, clusters based on the expression trend of
significant genes were screened out (P<0.05).

Gene Ontology (GO) and signaling pathways. DECs were
determined by means of a significance analysis of the micro-
array and model profile data. GO analysis determined that there
were 284 DECs through use of the Database for Annotation,
Visualization and Integrated Discovery (https://david.ncifcrf.
gov/) (27) online tool (P<0.05). The signaling pathways that
were likely impacted by the DECs were predicted using the
KEGG pathway map tool (P<0.05) (28).

Protein-protein interaction (PPI) network. The Search Tool
for the Retrieval of Interacting Genes/Proteins (STRING) 5.18
(https://string-db.org/) is a repository of known and predicted
protein interrelationships (29) and was used to identify possible
interacting proteins between the DECs.
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Table I. Characteristics of 60 patients with hepatocellular
carcinoma treated with transarterial chemoembolization.

Characteristic No. of patients (%)
Age, years

<50 17 (28.3)

=50 43 (71.7)
Sex

Female 8 (13.3)

Male 52 (86.7)
Albumin, g/l

=35 53 (88.3)

<35 7(11.7)
AFP, ng/ml

<20 16 (26.7)

>20 44 (73.3)
Tumor diameter, cm

<5 22 (36.7)

>5 38 (63.3)
Portal vein invasion

Without 39 (65.0)

With 21 (35.0)
BCLC stage

A 5(8.3)

B/C 55 91.7)
Serum IL-10 pre-TACE, pg/ml

<1.59 30 (50.0)

>1.59 30 (50.0)

AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; IL, inter-
leukin.

ELISA. Serum samples were collected pre-TACE and on
days 3, 7, 14, and 21 after the initiation of treatment from 60
evaluable patients who underwent transarterial chemotherapy.
The cytokine levels of IL-1B, IL-10, IL-5 and CNTF were
analysed using a multiplex immunoassay Bio-Plex 200 array
system and Bio-Plex Manager v6.0 software [Hangzhou
Multisciences (Lianke) Biotech Co., Ltd] according to the
manufacturer's instructions.

Statistical analysis. Student's t-test was used for continuous
data, and y* test was used for categorical data. The comparison
of multiple groups was performed with ANOVA and Tukey's
post hoc test. The criteria for screening DECs were [logFCI>1.0
and a false discovery rate <0.05. Spearman's correlation was
also used to measure the correlation between different cyto-
kine levels as well as between cytokine levels and clinical
data. Receiver operating characteristic (ROC) curves were
used by plotting sensitivity against 1-specificity. The optimal
cut-off values for ROC curves were obtained using the Youden
index. The survival curve was plotted using the Kaplan-Meier
method, and the overall survival (OS) rate between subgroups
was compared using the log-rank test. The Cox proportional
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hazard regression model was used to evaluate prognostic
factors, and hazard ratio (HR) and 95% confidence interval
was determined. The aforementioned statistical data were anal-
ysed using SPSS v22.0 software (IBM, Corp.) and GraphPad
Prism 6 (GraphPad Software, Inc.). P<0.05 was considered to
indicate a statistically significant difference.

Results

Identification of time-series cytokine genes after TACE.
The Agilent cytokine genome microarrays were used to
measure the relative gene expression levels in 9 patients with
HCC pre-TACE and on days 3, 7, 14 and 21 post-TACE. In
addition, 9 patients with HCC were selected for microarray
analysis based on objective response, including three OR
and six non-OR patients. A total of 507 cytokine genes were
identified and the differentially expressed genes on days 3,
7, 14 and 21 were compared with day 0. Given the limited
overlap of the differentially expressed genes among the four
datasets (data not shown), only five genes, including neural
differentiation 1 (NEURODI), triggering receptor expressed
on myeloid cells 1 (TREMI), neuregulin 3 (NRG3),
Charcot-Leyden crystal galectin (CLC) and TNFa-induced
protein 6 (TNFAIP6) were identified. Hence, the relevant
gene clusters were identified based on the STEM algorithm.
The input parameters c=2 and m=50 were used, where c
indicates the units of change and m indicates the number
of candidate profiles. In all, 284 out of 507 differentially
expressed genes were significantly clustered in eight models,
including profiles 6, 14, 16, 18, 28, 41, 42 and 43. However,
<10 genes were clustered in profiles 6 and 14 and therefore
were eliminated in further analysis (Fig. 1A). Fig. 1 shows
the fold-changes and P-values of the gene expression profiles
for the six significant clusters, and their gene symbols and
relative expressions are listed in Table SII. Based on STEM
analysis, CTNF and IL-5 were found to cluster in profile 18,
IL-1p and IL-10 were found to cluster in profile 41, CCL2 and
MMP9 were found to cluster in profile 43, CCR7 and CCR1
were found to cluster in profile 16, INS and BMP7 were
found to cluster in profile 42, and IL-4 and IL-17RA were
found to cluster in profile 28 (Fig. 1B-E and Table II). The
trend curves of the gene signatures clustered in profiles 28,
41,42 and 41 were similar and were all gradually upregulated
(Fig. 1B-G). However, some cytokines were not significant
in this study, such as IL-6 and IL-8 associated with TACE
prognosis. The trend result of CTNF, IL-5, IL-1p and
IL-10 was identified according to ELISA data (Fig. 2A-D).
Subsequently, the baseline serum levels of CTNF, IL-5, IL-10
and IL-1p from patients with HCC who underwent TACE and
healthy controls were compared. The pre-TACE serum levels
of CTNF, IL-5, IL-10 and IL-1p were significantly elevated
compared with that in the healthy controls (Fig. 2E-H).

GO and KEGG pathway analyses of time-series cytokine
genes after TACE. Based on the six significant clusters, GO
analysis was performed. The results demonstrated that the
DEC:s in the six significant clusters were related to ‘cytokine
receptor binding’, ‘receptor ligand activity’ and ‘cytokine
activity’ (Fig. 3A). In profile 18, the DECs were also enriched
in ‘growth factor receptor binding’.
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Figure 1. Dynamic expression pattern profiles of differentially expressed cytokines after TACE. (A) Short time-series expression minor clustering analysis was
performed to identify clusters. In all, 284 out of 507 of the differentially expressed genes were significantly clustered in six models, including (B) profile 16,
(C) profile 18, (D) profile 28, (E) profile 41, (F) profile 42 and (G) profile 43. The x-axis represents the time point after TACE. The time series was log-normal-
ized and starts at 0. The y-axes of all the genes in a cluster box are shown on the same scale. The different colours in each profile represent different cytokines

clustered in each profile. TACE, transarterial chemoembolization.

According to STEM analysis, KEGG signaling pathways
were examined to determine whether they were dysregulated in
the six significant clusters. ‘Cytokine-cytokine receptor interac-
tions” and ‘JAK-STAT signaling’ were significantly different in
all profiles, with the exception of profile 41 (Fig. 3B). The IL-17
signaling pathway was present in four of the six significant clus-
ters (profile 18, 28, 42 and 43) and included IL-5, IL-4, IL-1p,
IL-17D and CCL2. Intriguingly, the signaling pathway exhib-
ited differences in profile 41, which included cytokines IL-1p
and IL-10. Likewise, the MAPK/RAS and Toll-like receptor
signaling pathways, which are associated with cancer (30),
were detected in profiles 16 and 43, and profiles 16 and 41,
respectively, suggesting that these cytokines could be involved
in inflammation and cancer transformation in HCC. The CNTF,
colony stimulating factor 2 receptor o subunit, interferon-y, IL-5,
platelet-derived growth factor receptor 5 (PDGFRB), prolactin
(PRL) and IL-27 receptor subunit o genes were differentially
expressed and enriched in the JAK-STAT signaling pathway
in profile 18. Similar to profile 18, the DECs and pathways
clustered in profile 16 also included inflammatory signaling
pathways (the JAK-STAT and NF-kB pathways), as well as
CCR1, CCR7,ICAM1 and BMP4 (Table SIII).

PPI network. To examine the associations among the DECs
in each significant cluster, a PPI network was constructed
(Fig. 4). The STRING database was used to identify possible
interactions of each cytokine expression profile. The results
demonstrated that the 32, 39, 21, 18, 28 and 34 cytokines iden-
tified in profiles 16, 18, 28, 41, 42 and 43, respectively, were
interacting with each other. In each profile, the high degree of
cytokines, which were based on the degree and the association
with tumors, including CTNF, IL-5, IL-10 and IL-1f3, were
selected. Additionally, the cytokines with the highest associa-
tion in each respective cluster were CCR7, TNF, IL-4, IL-10,
INS and CCL2 (Table II).

Correlation between liver function and the post-treatment
cytokine CNTF levels. The association between the level of
ALT or AST and the CNTF cytokine levels during treat-
ment was investigated in patients with HCC undergoing
TACE. There was no significant correlation between serum
ALT (P=0.53) or AST (P=0.27) levels and CNTF Ilevels on
post-treatment day 3. Positive correlations with CNTF levels
appeared over time and were significant on day 7 for the ALT
(r=0.68; P<0.01) and AST (r=0.54; P<0.01) levels. However,
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on days 14 and 21 after TACE, there was no longer a correla-
tion between the level of ALT or AST and the CNTF levels
(Fig. 5A-D). Subsequently the changes in ALT and CNTF
levels between small and large HCC tumors were measured.
In 60 patients with HCC, those with large tumors (>5 cm)
exhibited more frequent episodes of severe hepatitis (ALT
elevation >40 U/l) compared with those with small tumors
[36/38 (94.7%) vs. 15/22 (68.2%); Fig. SE and F]. Patients
with large tumors (>5 cm) had a higher baseline and greater
increases in CNTF day 7 after TACE, whereas patients with
small HCC (<5 cm) exhibited only minor rises in CNTF levels.

This characteristic change in CNTF that occurred following
TACE suggests that there is an increase in CNTF levels in
patients with tumors >5 cm, on day 7.

Pretreatment serum levels of IL-10 and post-treatment serum
levels of IL-18 predict an objective response to TACE therapy.
Subsequently it was investigated whether the serum levels of
IL-10 and IL-1p had predictive value regarding the trend curve
from the microarray data observed for profile 41 (Fig. 1E).
The correlations between serum AFP and IL-10/IL-1f were
investigated, and there was a significant correlation between
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c Cluster 28

Figure 4. Protein-protein interaction network of each module predicated using Search Tool for the Retrieval of Interacting Genes/Proteins. The network
of cytokines clustered in (A) profile 16, (B) profile 18, (C) profile 28, (D) profile 41, (E) profile 42 and (F) profile 43. The lines represent the correlation of

cytokines, and the thickness represents the degree of correlation.

the serum AFP and pre-TACE IL-10 levels (Fig. 6A and B).
However, tumor diameter was positively associated with IL-1p
levels, and patients with large tumors (>5 cm) had higher base-
line levels and greater increases in post-TACE levels of IL-1p
(Fig. 6C and D). This characteristic pattern of IL-1p release
might be associated with larger tumors, which have increased
hypoxic areas. However, there was not a significant association
between the serum levels of IL-10 and IL-1f3 and BCLC stage,
including BCLC stage A (n=5) and B/C (n=55) (Fig. 6E and F)
on day O pre-treatment and day 3 post-treatment.

The cohort was further divided into two groups: Patients
with an OR (complete or partial remission; n=13) and
patients who showed a non-OR (stable or progressive disease;
n=47). In the analysis, the pretreatment levels of IL-10 and
post-treatment levels of IL-1f3 were significantly higher in
patients who showed a non-OR after TACE compared with
that in patients with an OR, while the post-treatment levels
of IL-10 and pretreatment levels of IL-1$ were not signifi-
cantly different between OR and non-OR patients (Fig. 6G
and H). In line with this finding, ROC curve analysis of the
differences between patients with either an OR or non-OR
revealed that the area under the curve (AUC) value of 0.736
for pre-TACE IL-10 was higher than that for post-TACE IL-10
(AUC, 0.508) and that the AUC value of 0.726 for post-TACE

IL-1p was higher than that for pre-TACE IL-18 (AUC, 0.661)
(Fig. 6I and J).

Serum levels of pretreatment IL-10 predict OS time after
TACE. Based on the predictive value of the pretreatment serum
levels of IL-10 and post-treatment serum levels of IL-1f, the
serum levels of IL-10 and IL-1f3 was subsequently evaluated
to determine whether they influenced patient OS. Based on
the Youden index of the ROC curve analysis, which is used to
identify the ideal cut-off values for cytokines, Kaplan-Meier
analysis showed that patients with pretreatment serum levels
of IL-10 above the ideal cut-off value (1.59 pg/ml) experience
reduced survival compared to patients with levels below the
ideal cut-off values [mOS: 13.55 months vs. undefined (median
OS not reached); P=0.03] (Fig. 7A). By contrast, the ideal
cut-off values for post-treatment IL-10, pretreatment IL-1p3 and
post-treatment IL-1f levels did not effectively identify patients
with a poor prognosis (Fig. 7B-D).

To further investigate prognostic factors, the results of the
Kaplan-Meier analysis for OS were further analysed using
univariate and multivariate Cox regression models. Fig. 7E
summarizes the univariate factor analysis, and the HR for
IL-10 was 2.193 (P=0.037; 95% CI, 1.048-4.589; Table III).
Subsequently parameters with P<0.70 from the univariate Cox
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Table II. Degree of gene modulation in the protein-protein
interaction network.

A, Genes in profile 18

Gene Degree
TNF 30
IFNG 15
ILS 13
CCL19 10
CXCR2 10
TLR1 9
CD40LG 7
CCL1 7
CNTF 7
PRL 7
B, Genes in profile 43

Gene Degree
CCL2 15
MMP9 14
PGF 13
ITGAM 12
PDGFB 12
FGF13 11
FLT4 9
MMP3 9
PDGFA 9
FIGF 8
C, Genes in profile 41

Gene Degree
IL10 13
IL1B 13
CCLS5 9
TLR4 8
PECAM1 8
TNFRSFI1A 7
SELL 7
CCL17 6
LIF 4
SMAD7 4
D, Genes in profile 16

Gene Degree
CCR7 13
ICAM1 11
CCRI1 10
BMP4 10
CSF1 9
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Table II. Continued.

Gene Degree

CD80
NCAMI
CXCL16
IFNB1
IL2RG

0 00 0 0 \O

E, Genes in profile 42

Gene Degree

INS
BMP7
FGF2
IL1IRN
EPO
VCAMI1
ACVR2B
CXCRI1
BMP5
ACVRI1B

—
9]

LN AN AN AN J 0 00O

F, Genes in profile 28

Gene Degree

L4
IL13
CXCLI1
ADIPOQ
IL17RA
CCR5
FGF21
GPR29
FGFR3
PLG

(SRS IR NN N LY T Iie ) Nie Yo

regression models (IL-10, tumor diameter, portal vein inva-
sion, BCLC stage B/C vs. A, albumin and AFP) were removed
and multivariate Cox analysis (Table IV) was performed.
Importantly, the prognostic value of the pretreatment serum
level of IL-10 was independent of those parameters.

Discussion

TACE is considered one of the most effective treatments for
non-resectable liver cancer (31). At present, numerous studies
have reported that changes in cytokines occur in patients with
liver cancer after TACE, and these changes may be related to
acute inflammatory reactions, acute liver injury and prognostic
factors (18,19). However, the potential mechanisms involving
these cytokines in patients with a post-TACE prognosis have
not been completely elucidated. In the present study, the
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cytokine expression profiles of 9 patients with HCC at different
time points after TACE using a cytokine mRNA microarray
were analysed. Subsequently, the cytokine mRNA expression
profiles post-TACE on days 3, 7, 14 and 21 were compared to
the profiles obtained preintervention (day 0). Venn 2.1 was used
for differential gene integration. The data demonstrated that
five genes, including NEURODI1, TREM1, NRG3, CLC and
TNFAIPG6, were present in four groups: Day 3 vs. 0, day 7 vs. 0,
day 14 vs. 0 and day 21 vs. 0. Borromeo et al (32) reported
that NEURODI plays crucial roles in promoting malignant
behaviour and survival in patients with SCLC. TREM2, a
novel pattern recognition receptor family member, is gener-
ally regarded to be an enhancer of immune responses (33).
According to pharmacogenomics, NRG3 rs1649942 genetic
variants have been validated to affect epithelial ovarian
cancer first-line treatment outcomes, which confirmed patients

carrying the NRG3 rs1649942 A allele presented a significantly
longer OS time (34). In addition, CLC and TNFAIP6, which
are cytokine receptors, are involved in disease progression and
the immune response (35) in a variety of tumors, such as gastric
cancer (36), breast cancer (37) and urothelial carcinomas (38).

STEM was used to reveal temporal gene expression profiles
and identify significant patterns from the day before TACE (day
0) to day 21 post-TACE that were >2-fold different (P<0.05).
A total of 6 separate and significant time-varied expression
patterns among 507 genes were identified, including profiles
16, 18, 28, 41, 42 and 43. DECs were identified, and their
functions were predicted through GO and signaling pathway
analyses.

The clustered profile 18 showed initial downregulation
before TACE and subsequent upregulation after TACE (Fig. 1).
These results might suggest that genes that are downregulated
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during the initial phase after TACE might be turned off and
could therefore be responsible for hindering the HCC-like
phenotype and hepatic injury after a tumor-intervening
event. The CNTF, colony stimulating factor 2 receptor a
subunit, interferon-vy, IL-5, PDGFRB, PRL and IL-27 receptor
subunit o genes were differentially expressed and enriched in
the JAK-STAT signaling pathway in profile 18 (Table SIII).
Previous studies showed that JAK-STAT signaling was closely
associated with cytokine signalling, as it regulates essential
cellular mechanisms, such as proliferation, invasion, survival,
inflammation and immunity (39,40). In addition, CNTF is
an important hepatoprotective agent in carbon tetra chloride
(CCl,)-induced hepatic injury (41). In a retrospective cohort
study, IL-5, PDGFRB and PRL predicted survival benefits
in patients with advanced HCC treated with sorafenib (42).
Similar to profile 18, the DECs and pathways clustered in
profile 16 also included inflammatory signaling pathways
(the JAK-STAT and NF-kB pathways), as well as CCR1,
CCR7, ICAM1 and BMP4 (Table SIII). CCR1 and CCR7
play important roles in head and neck squamous cell carci-
noma progression and regional lymph node metastasis and
recurrence. CCR1 were highly expressed in primary carci-
nomas and CCR7 was associated with disease-free survival
time (43). The trend curves of the gene signatures clustered
in profiles 28, 41, 42 and 41 were similar and were all gradu-
ally upregulated (Fig. 1B-G). The DECs clustered in profile
28, including CXCL1, IL-4, IL-13 and IL-17RA, and in profile
43, including LCN2, CCL2, CXCL2, MMP3 and MMP9,

were enriched in the IL-17 signaling pathway (Table SIII).
A previous study demonstrated a relationship between the
IL-17/IL-17R axis and the tumor inflammatory microenviron-
ment in patients with NSCLC. Immunoreactivity for IL-17A,
IL-17F, IL-17RA and IL- 17RC was significantly elevated,
while IL-17E was reduced (44). In profile 41, IL-1, IL-10
and CCLS5 were differentially expressed and enriched in
the NF-kB, TNF and Toll-like receptor signaling pathways.
Meanwhile, JAK-STAT and IL-17 signalling pathways were
not associated in profile 41. In line with previous results, IL-1§,
IL-10 and CCL5 were involved in multiple signaling pathways
that affect the development and progression of tumors. IL-13
caused expansion of the bone metastatic niche and led to
tumor proliferation in breast cancer (45). IL-10 and integrin
pathways have been reported to be strongly associated with
head and neck cancer progression (46). In addition, it has been
reported that CCI5/CCR1/B-catenin/Slug via mesenchymal
stem cells promotes colorectal cancer development (47). In
addition to these common signaling pathways, HIF-1 signaling
was also significantly enriched in profile 42. It was previously
demonstrated that HIF-1, a key transcription factor involved
in hypoxia and inflammation, induces HCC cells to undergo
EMT (48,49).

To better understand the role of cytokine expression during
TACE, ELISA was performed and demonstrated that the
temporal variations in cytokines were similar to the results
obtained by STEM. The CNTF gene, which clustered in profile
18, was acutely increased after TACE but decreased after
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Table III. Univariate Cox regression analysis to predict overall
survival.

Univariate Cox regression

Parameter P-value Hazard ratio (95% CI)
Serum IL-10 >1.59 pg/ml ~ 0.037 2.193 (1.048-4.589)
Tumor diameter (cm) 0.144 1.785 (0.821-3.882)
Portal vein invasion 0.033 2.171 (1.064-4.431)
BCLC stage 0.171 4.031 (0.548-29.636)
Albumin (g/1) 0.230 1.799 (0.690-4.691)
AFP (ng/ml) 0.690 1.178 (0.526-2.636)

AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confi-
dence interval.

Table IV. Multivariate Cox regression analysis to predict
overall survival.

Multivariate Cox regression

Parameter P-value Hazard ratio (95% CI)
Serum IL-10 >1.59 pg/ml 0.049 2.249 (1.005-5.031)
Tumor diameter (cm) 0.855 0.918 (0.369-2.288)
Portal vein invasion 0.115 1.870 (0.858-4.074)
BCLC stage 0.229 3.682 (0.441-30.762)
Albumin (g/1) 0.680 1.241 (0.445-3.459)
AFP (ng/ml) 0.889 1.066 (0.435-2.608)

AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confi-
dence interval.

day 7 and reached baseline levels thereafter, while the trend
for IL-5 was not statistically significant. Hu et al (50) reported
that CNTF regulates PI3K and AMP-activated protein kinase
(AMPK) and is therefore involved in metabolic diseases and
hepatocarcinogenesis. CNTF acts as a hepatoprotective agent
against CCl,-induced hepatic injury, and a correlation between
the post-treatment day 7 serum aminotransferase and CNTF
levels was observed in the present study. In agreement with
previous data (41) the proportion of released CNTF was posi-
tively correlated with the degree of hepatic damage, which
inhibited lipoprotein secretion and impaired the ability to act
as transport vehicles for lipids from the liver to the circulation.
According to the trend curve and signaling pathway of profile 41,
the survival and prognostic value of IL-13 and IL-10 was inves-
tigated further in clinical features. The results of the present
study demonstrated that the pre-TACE serum levels of IL-10
predicted the local tumor response and OS time of a patient,
while the post-TACE serum levels of IL-1p only indicated the
local tumor response. In addition, multivariate Cox regression
analysis revealed that the prognostic value of the pre-TACE
IL-10 levels was independent of tumor diameter, BCLC stage,
AFP, portal vein invasion and liver function. However, studies
of the effect of IL-10 on tumor progression have previously

QI et al: TIME-SERIES CLUSTERING OF CYTOKINE EXPRESSION AFTER TACE IN HCC

concentrated on antitumor immune effects (51). IL-10 is an
immunomodulatory cytokine that has previously been shown
to participate in T-cell inactivation and the impairment of adap-
tive immunity (52-54). Regarding its prognostic value, high
IL-10 expression was found to be a marker of longer survival
prognosis in breast cancer in addition to decreased tumor cell
migration (55). In HCC, IL-10 and IL-12 have been shown to be
involved in the progression of chronic inflammation leading to
HCC, and they could therefore be considered biomarkers that
reflect the degree of inflammation in HCC development (56).
Meanwhile, the pre-TACE serum levels of IL-10 exhibited
better survival prediction compared with post-TACE levels.
One possible reason for this result is that TACE may disturb
the tumor microenvironment, which contributed to hypoxia for
killing tumor cells. In the current study, the role of the serum
IL-10 level as a good prognostic marker seems to be dependent
on the tissue microenvironment.

However, there are many limitations to the present study.
First, a cytokine microarray was used to detect differential
gene expression. In accordance to a previous study, this study
also reported that some cytokines were undetectable in a
number of patients, and many differences were not significant,
such as IL-6 and IL-8 associated with TACE prognosis (19).
Second, due to lack of an accepted interventional animal model
and limited number of healthy controls, the effect of TACE on
cytokine levels in normal liver tissue could not be evaluated.
Meanwhile, as TACE is a minimally invasive surgery, it is
difficult to obtain a large number of liver tissue samples for
further study, such as immunohistochemistry and western blot
analyses. Third, the present study was conducted using a small
cohort of patients, and only four cytokines were identified using
ELISA. Moreover, determining the mechanisms underlying the
effects of cytokines in HCC after TACE requires further study.

In summary, a time series of cytokine expression profiles in
patients with HCC undergoing TACE was identified. Early phase
increases in CNTF serum levels observed after TACE may exert
hepatoprotective effects and are associated with post-treatment
hepatic injury. Changes in the expression of IL-1f and IL-10
during the process of TACE are associated with long-term
outcomes and prognostic survival. These data provide insight
into the respective contributions to different biological functions
of cytokines released after TACE and their clinical value.
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