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Abstract. Interleukin (IL)‑1β is a member of the IL‑1 family 
of proteins. IL‑1 receptor antagonist (IL‑1RA) is an agent 
that binds to the IL‑1 receptor, preventing IL‑1 from trans-
mitting signals to cells. The present study aimed to identify 
the role of the IL‑1β/1RA axis in epithelial‑mesenchymal 
transition (EMT), cell invasion, migration, proliferation and 
clone formation in colorectal cancer (CRC) and to determine 
its underlying mechanisms of action. Significantly increased 
expression of both IL‑1β and IL‑1RA was identified in CRC 
patient data uploaded in The Cancer Genome Atlas data-
base, and in tumor tissues when compared with matched 
control tissue. High expression of IL‑1β was associated with 
an increased rate of overall survival and recurrence‑free 
survival. Further research revealed that the IL‑1β gene 
was co‑expressed with the IL‑1RA gene in tumors of CRC 
patients. It was additionally determined that recombinant 
human (rh)IL‑1β suppressed autophagy as well as EMT in 
HCT‑116 cells compared with control‑treated cells, whereas 
rhIL‑1RA exhibited the opposite effect. In addition, autophagy 
activator rapamycin (RAPA) rescued the inhibition of EMT in 
rhIL‑1β‑treated HCT‑116 cells. Moreover, rhIL‑1β inhibited 
cell invasion, migration, proliferation and colony‑formation 
ability, when compared with a control treatment. Compared 

with a control treatment rhIL‑1RA promoted cell invasion, 
migration, proliferation, but had no effect on clone formation 
ability. Furthermore, both rhIL‑1RA and RAPA rescued inhi-
bition of cell invasion, migration and clone formation ability 
in rhIL‑1β‑treated HCT‑116 cells. RAPA, but not rhIL‑1RA, 
rescue inhibited proliferation in rhIL‑1β‑treated HCT‑116 
cells compared with controls. In addition, it was confirmed 
that rhIL‑1β inhibited the growth of subcutaneous xenografts 
in nude mice, when compared with control treatments. These 
results indicated that upregulation of the IL‑1β/1RA axis in 
CRC regulated EMT, cell invasion and migration, proliferation 
and clone formation via autophagy.

Introduction

Chronic inflammation promotes the development, growth and 
metastasis of cancer. Acute inflammation, if not controlled 
develops into chronic inflammation, which may increase the 
risk of cancer. Epidemiological studies have confirmed that 
25% of tumors are developed from inflammation (1). Patients 
with the inflammatory autoimmune disease ulcerative colitis 
are 10 times more likely to develop colon cancer than healthy 
individuals (2).

The accumulation of inflammatory cells and inflammatory 
cytokines in the tumor microenvironment promotes malignant 
cell proliferation, metastasis and epithelial‑mesenchymal tran-
sition (EMT), and can lead to the loss of the acquired immune 
response (3). The majority of cytokines are low molecular 
weight soluble proteins, which have many functions, such 
as regulating cell growth, hematopoiesis and the immune 
response and repairing damaged tissues (4). Cytokines can 
be divided into lymphokines, produced by lymphocytes, and 
mononuclear factors, produced by mononuclear macrophages. 
Interleukins  (ILs), interferons, colony stimulating factors, 
tumor necrosis factors and transforming growth factors are all 
cytokines produced by immune cells, which play important 
regulatory roles in the immune system and can lead to 
pathological reactions when expressed at altered levels.

IL‑1β is a member of the IL‑1 family of cytokines. IL‑1β 
is produced by activated macrophages as a proprotein, which 
is proteolytically processed to its active form by caspase‑1 
(CASP1). CASP1 is an important mediator of the inflammatory 
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response, and is involved in a variety of cellular activities, 
including cell proliferation, differentiation and apoptosis (5). 
A number of studies have determined that IL‑1β also plays an 
important role in the occurrence and development of tumors. 
In breast cancer, IL‑1β induces EMT and promotes disease 
relapse  (6). In gastric cancer, IL‑1β‑induced p38 pathway 
activation promoted cell invasion and migration via increased 
matrix metalloproteinase (MMP)2 and MMP9 expression (7). 
In addition, IL‑1 receptor antagonist (IL‑1RA) is an agent 
that binds to the cell surface IL‑1 receptor (IL‑1R), the same 
receptor that binds to IL‑1 family members, preventing IL‑1 
from sending a signal to cells. A previous study suggested 
that serum concentrations of IL‑1RA in colorectal cancer 
(CRC) patients were significantly higher than those in healthy 
patients, however, the specific role of IL‑1RA in CRC has not 
been clarified (8).

In the present study, recombinant human (rh)IL‑1β and 
rhIL‑1RA were used to study the role of IL‑1β and IL‑1RA 
in CRC.

Materials and methods

Patients and specimens. CRC tumor specimens and paired 
non‑tumor mucosa were collected between July 2012 and 
July 2018. Patients with the following criteria were excluded 
from participation in the study: i) The patient had received 
adjuvant chemotherapy or radiotherapy prior to surgery; ii) the 
patient had additional cancer diagnoses. All patients were 
classified according to the 7th edition of the TNM staging 
system 23. Postoperative adjuvant therapies were performed, 
according to standard schedules and doses. All participating 
patients provided their written informed consent. This study 
was approved by the Ethical Committee of Shanghai Pudong 
Hospital. Patient details are summarized in Table I.

TCGA database and analysis. TCGA‑Colon Adenocarcinoma 
(https://cancergenome.nih.gov/) contains 480 colon cancer 
cases and 41 normal control cases, accompanied with clinical 
characteristics. All mRNA expression data accompanied 
by clinical data was downloaded by R‑software for subse-
quent analysis. The expression of IL‑1β and IL‑1RA in CRC 
were analyzed by UALCAN web tools based on the TCGA 
database  (9) (http://ualcan.path.uab.edu/). Co‑expression, 
overall survival (OS) and recurrence‑free survival (RFS) of 
IL‑1β and IL‑1RA genes were identified via GEPIA web tools 
based on TCGA database (10) (http://gepia.cancer‑pku.cn/).

Immunohistochemical (IHC) staining. IHC staining was 
carried out according to the antibody manufacturers' instruc-
tions. Briefly, formalin‑fixed and paraffin‑embedded tissue 
sections were deparaffinized in xylene and hydrated with 
decreasing concentrations of ethanol (100, 95, 80 and 75%). 
The slices were then soaked in 10% BSA to inhibit endogenous 
peroxidase activity and incubated with IL‑1β and IL‑1RA 
rabbit polyclonal antibody (dilution 1:100; cat. nos. AF‑201 
and AF‑280; R&D Systems, Inc.) at 4˚C overnight. A horse-
radish peroxidase‑conjugated rabbit secondary antibody 
(cat.  no.  ab6721; Abcam) was added for 60  min at room 
temperature; then, 3,3'‑diaminobenzidine development (DAB 
Substrate Chromogen System; Dako; Agilent Technologies, 

Inc.) and hematoxylin staining were performed according 
to standard protocols. Slides were fixed via neutral gum for 
~1 min at room temperature and images were obtained using 
an Olympus IX71 inverted microscope with a DP2‑BSW 
Olympus image acquisition software system (Olympus Corp.).

Cell line and reagents. The human CRC cell line HCT116 was 
purchased from the University of Colorado Cancer Center Cell 
Bank and cultured in RPMI‑1640 medium supplemented with 
10% FBS (Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C 
in a 5% CO2 atmosphere. Cells were digested and passaged 
when cell confluence reached 80%. Recombinant human (rh) 

Table Ⅰ. Clinical characteristics of patients.

Characteristics	 No. of patients

UICC (TNM) stage	
  I	 7
  II	 27
  III	 25
  IV	 8
Tumor (T) stage	
  pTis‑1	 2
  pT2	 17
  pT3	 43
  pT4	 5
N stage	
  N0	 33
  N1	 30
  N2	 4
M stage	
  M0	 60
  M1	 7
Age 	
  <65	 30
  65‑75	 20
  75‑85	 16
  >85	 1
Sex	
  Male	 40
  Female	 27
Tumor location	
  Right colon	 15
  Left colon	 3
  Transverse colon	 5
  Sigmoid colon	 15
  Rectum	 29
Histological grade	
  Well differentiated	 66
  Poorly differentiated	 1
Mucinous Colloid Type	
  No	 53
  Yes	 14
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IL‑1β protein and IL‑1RA protein were purchased from 
R&D Systems, Inc. The working concentration was 100 nM.

Protein extraction and western blot analysis. Total protein 
was extracted from HCT116 cells using RIPA lysis buffer 
(Beyotime Institute of Biotechnology) with 1% phenyl-
methanesulfonyl fluoride (PMSF). Then, equal amounts 
(20  µg) of protein determined by BCA protein assay kit 
(Thermo Fisher Scientific, Inc.) were separated using 10% 
SDS‑PAGE gels. The proteins were then transferred to PVDF 
membranes. The membranes were blocked with 5% non‑fat 
milk for 1 h at room temperature and then incubated with 
primary antibodies at 4˚C for 12 h. The following antibodies 
were tested: Epithelial (E)‑cadherin (cat. no. 20874), neural 
(N)‑cadherin (cat.  no.  22018), vimentin (cat.  no.  10366) 
and zinc finger protein Snail1 (snail1; cat. no. 13099) rabbit 
polyclonal antibodies (1:1,000; ProteinTech Group, Inc.); 
p62 (cat. no. ab109012) and LC3B (cat. no. ab192890) rabbit 
polyclonal antibodies (1:2,000; Abcam); IL‑1RA rabbit poly-
clonal antibody (1:1,000; cat. no. AF‑201; R&D Systems, Inc.). 
β‑actin rabbit polyclonal antibodies (1:4,000; cat. no. 60008; 
ProteinTech Group, Inc.) were used as loading controls for 
normalization. The secondary antibodies were anti‑rabbit 
antibodies and conjugated to horseradish peroxidase (1:4,000; 
cat. no. SA00001; ProteinTech, Inc.). The membranes were 
incubated with the secondary antibodies for approximately 
1 h at room temperature. The bands were visualized with 
ECL reagents (Thermo Fisher Scientific, Inc.) and developed 
using the Omega Lum™ G (Aplegen/Gel Company). ImageJ 
(version 2017; National Institutes of Health) was used for 
densitometry.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from HCT116 cells using 
TRIzol™ reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
cDNA was obtained from total RNA using a PrimeScript™ 
RT reagent kit (Takara Bio, Inc.). The expression of mRNA 
was assessed by RT‑qPCR, which was carried out in triplicate 
using a SYBR Premix Ex Taq™ kit (Takara Bio, Inc.) and an 
ABI 7900HT Real‑Time PCR system (95˚C for 30 sec; 95˚C 
for 3 sec, 60˚C for 30 sec, 40 cycles; Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The primers used are presented 

in Table II. The comparative cycle threshold values method 
(2‑ΔΔCq) was used to analyze the final results (11).

Cell proliferation assay. For this assay, 5x103 HCT  116 
cells were seeded into 96‑well plates and incubated for the 
following time‑points: 0, 24, 48 and 72 h. Before determina-
tion, 10 µl of Cell‑Counting Kit‑8 (CCK‑8; Dojindo Molecular 
Technologies, Inc.) solution was added to each well of the 
plate, and the incubation was continued for 2 h. Finally, the 
absorbance of each well was measured at a 450 nm wavelength.

Clone formation test. For this assay, 500 HCT 116 cells were 
seeded into each well of 6‑well plates and incubated at 37˚C. 
Clone size was observed under an ZEISS Axiovert 40 inverted 
microscope (Carl Zeiss AG; magnification, x200) every day 
until the number of cells in most wells was more than 50. The 
medium was then removed and cells were stained with 0.2% 
crystal violet for 30 min. The cells were washed three times 
with PBS, then images were acquired and clones were counted. 
The ratio of clone formation was calculated following the equa-
tion: ratio of clone formation (%) = clone number/500 x100%.

Flow cytometry. A total of 2x105 HCT 116  cells were 
harvested and washed with PBS 3 times. The samples were 
then resuspended in 100 µl binding buffer and stained with 
5 µl of Annexin V and propidium iodide (PI) for 20 min at 
room temperature in the dark. Subsequent to staining, an 
additional 400 µl binding buffer was added to the sample and 
resuspended. Analyses were performed with flow cytometry 
(BD Biosciences).

Cell migration and invasion assays. Cell migration and inva-
sion were analyzed using Transwell plates (24‑well insert; 
8 µm pore size; BD Biosciences). The filters (Corning, Inc.) 
were coated with Matrigel for invasion assays and uncoated for 
migration assays. A total of 55 µl Matrigel suspended in PBS 
was used to coat the plates (1:8 dilution; BD Biosciences). For 
the migration assays, 5x104 HCT116 cells were suspended in 
200 µl of serum‑free medium and seeded into the upper cham-
bers of the Transwells. A 600‑µl volume of medium containing 
10% FBS was then added to the lower chamber as a chemoat-
tractant. After incubation at 37˚C for 24 h, the membranes were 

Table Ⅱ. The primers of RT‑qPCR.

Gene	 Forward primer	 Reverse primer

Beclin1	 CAAGATCCTGGACCGTGTCA	 TGGCACTTTCTGTGGACATCA
p62	 GACTACGACTTGTGTAGCGTC	 AGTGTCCGTGTTTCACCTTCC
VSP34	 GGACCTTCTGACCACGAT	 GCAACAGCATAACGCCTC
ATG7	 TGTATAACACCAACACACTCGA	 GGCAGGATAGCAAAACCAATAG
ATG4b	 AGAGCCCGTTTGGATACT	 GTCGATGAATGCGTTGAG
Actin	 GGGACCTGACTGACTACCTC	 TCATACTCCTGCTTGCTGAT
E‑cadherin	 AGTCACTGACACCAACGATAAT	 ATCGTTGTTCACTGGATTTGTG
Vimentin	 AGTCCACTGAGTACCGGAGAC	 CATTTCACGCATCTGGCGTTC
Snail1	 AAGGATCTCCAGGCTCGAAAG	 GCTTCGGATGTGCATCTTGA
N‑cadherin	 TGTATGTGGGCAAGATCCACT	 CTCGTCGATCAGGAAGATGGT
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fixed with 4% formaldehyde for 30 min and stained with 0.1% 
crystal violet at room temperature for 30 min. For invasion 
assays, 1x105 HCT116 cells suspended in 200 µl serum‑free 
medium were seeded into the Matrigel‑coated upper chambers 
of the Transwells and the protocol followed was as aforemen-
tioned. The cells were counted and images were captured 
under an inverted microscope (magnification,  x400) in 5 
different fields of view per filter. Each condition was studied 
in triplicate.

Wound healing assay. For this assay, 5x105 HCT 116 cells 
were seeded into 6‑well plates and cultured at 37˚C for 
24 h. A 200‑µl sterile micro‑pipette tip was used to scratch 
the confluent monolayers in a straight line when cells were 

80‑90% confluent. Floating cells were then removed by 
washing with PBS three times and the cells were cultured in 
serum‑free medium. Images of the same wound position were 
captured after at 0 and 48 h under a microscope. The migration 
results were analyzed using by ImageJ software (version 2017; 
National Institutes of Health).

Subcutaneous xenografts of nude mice. Balb/c‑nude mice (age, 
5 weeks) were provided by the Beijing Vital River Laboratory 
Animal Technology Co., Ltd. All detailed experimental proce-
dures were approved by the Institutional Animal Care and 
Utilization Committee of Fudan University Pudong Animal 
Experimental Center. All the mice (n=16) were randomly 
divided between the rhIL‑1β group (n=8) and the normal 

Figure 1. (A) mRNA expression of IL‑1β and IL‑1RA was analyzed by the UALCAN tool. (B) Co‑expression between IL‑1β and IL‑1RA analyzed by the 
GEPIA tool. (C) Protein expression of IL‑1β and IL‑1RA confirmed by IHC. (D) Protein expression of IL‑1β and IL‑1RA confirmed by western blotting. 
(E) Association etween IL‑1β and OS/RFS analyzed by the GEPIA tool. IL, interleukin; OS, overall survival; RFS, recurrence‑free survival.
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control (NC) group (n=8). HCT‑116 cells (5x106) suspended 
in 100 µl PBS were injected subcutaneously from the axilla 
of each nude mouse. After 2 weeks, the rhIL‑1β group were 
treated with 1 µg rhIL‑1β dissolved in 100 µl normal saline 
via intraperitoneal injection (once every two days, for 14 days); 
while, the NC group was treated with 100 µl normal saline 
as a placebo. The long (L) and short (S) diameter of the 
tumors were measured with a Vernier caliper every 3 days 
(tumor volume = LxS2/2). The growth curve of subcutaneous 
tumors was plotted based on the measured tumor volume. All 
mice were euthanized 2 weeks after treatment by injection 
of excessive 2% sodium pentobarbital, followed with rapid 
cervical vertebra dislocation.

Statistical analysis. SPSS software (version 19.0, IBM Corp.) 
was used for statistical analysis of all experimental data. 
GraphPad Prism (version 7; GraphPad Software, Inc.) was 
used to determine the statistical results. All data are expressed 
as the mean ± standard deviation. Statistical analysis of data 
from 2 groups was performed using a t‑test. The comparison 
between multiple groups was performed using one‑way 
ANOVA and then an LSD test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

IL‑1β and IL‑1RA are upregulated in CRC and are associated 
with an increased rate of overall survival (OS). The expression 
of IL‑1β and IL‑1RA in CRC were analyzed by UALCAN web 
tools based on the TCGA database, and significantly higher 
levels of both IL‑1β and IL‑1RA were observed in CRC tumor 

tissue compared with normal mucosa (9) (http://ualcan.path.
uab.edu/; Fig. 1A). Significant co‑expression between IL‑1β 
and IL‑1RA genes was identified via GEPIA web tools based 
on TCGA database (10) (http://gepia.cancer‑pku.cn/; Fig. 1B). 
Additionally, western blotting (Fig. 1C) and IHC (Fig. 1D) 
were performed to determine the protein expression levels, 
and the results indicated that both IL‑1β and IL‑1RA were 
increased in CRC compared with paired non‑tumor mucosa. 
Collectively, these data indicated increased expression of 
IL‑1β and IL‑1RA in tumor tissues at both the mRNA and 
protein levels. To explore the clinical significance of increased 
IL‑1β expression in CRC, the GEPIA tool was used to analyze 
OS and recurrence‑free survival (RFS) rates in CRC patients 
based on the TCGA database. Increased expression of IL‑1β 
was associated with an increased rate of OS and RFS (Fig. 1E) 

The IL‑1β/IL1RA axis regulates EMT via autophagy in vitro. 
Western blotting and RT‑qPCR were performed to determine 
the expression levels of several EMT‑associated markers 
(Fig. 2A). rhIL‑1β increased the expression of E‑cadherin, 
whereas it reduced the expression of N‑cadherin, vimentin and 
Snail. rhIL‑1RA revealed the opposite effect in EMT markers 
compared with rhIL‑1β; while, rhIL‑1RA rescued the increased 
expression of E‑cadherin and reduced expression of N‑cadherin, 
vimentin and Snail in the rhIL‑1β‑treated group. These results 
indicated that rhIL‑1β inhibited EMT whereas rhIL‑1RA 
induced EMT in HCT‑116 cells. The levels of several key 
autophagy‑associated markers in each group were also deter-
mined (Fig. 2B). rhIL‑1β increased the expression of p62 and 
decreased the ratio of LC3 II/I, expression of cysteine protease 
ATG4b (ATG4b), ubiquitin‑like modifier‑activating enzyme 

Figure 2. (A) EMT‑associated markers detected by western blotting and RT‑qPCR. (B) Autophagy‑associated markers detected by western blotting and 
RT‑qPCR. (C) EMT‑associated markers detected by western blotting and RT‑qPCR after treatment of RAPA in the rhIL‑1β group. *P<0.05, **P<0.01 
and ***P<0.001. EMT, epithelial‑mesenchymal transition; RT‑qPCR, reverse transcription quantitative PCR; RAPA, rapamycin rh, recombinant human, 
IL, interleukin.
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ATG7 (ATG7) and Beclin1. rhIL‑1RA revealed the opposite 
effect on autophagy markers when compared with rhIL‑1β; 
while, rhIL‑1RA rescued the increased expression of p62 and 
reduced ratio of LC3 II/I, expression of ATG4b, ATG7, VSP34 
and beclin1. These results indicated that rhIL‑1β inhibited 
autophagy whereas rhIL‑1RA induced autophagy in HCT‑116 
cells. To study the association between rhIL‑1β/1RA‑regulated 

autophagy and EMT, autophagy activator RAPA (5 mM for 
48 h) was used to treat the rhIL‑1β group. It was revealed that 
RAPA significantly rescued increased expression of E‑cadherin 
and reduced expression of N‑cadherin, vimentin and Snail in 
the rhIL‑1β group compared with levels in mice untreated with 
RAPA. These results indicated that IL‑1β/IL‑1RA regulated 
EMT via autophagy.

Figure 3. (A) Invasion ability of each group analyzed by Transwell assay. (B) Migration ability of each group analyzed by Transwell assay. *P<0.05, **P<0.01 
and ***P<0.001. rh, recombinant human, IL, interleukin; RAPA, rapamycin.
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IL‑1β inhibits cell migration and invasion. Transwell assays 
were performed to assess the impact of IL‑1β and IL‑1RA 
on cell invasion and migration. In the invasion assay, rhIL‑1β 
treatment decreased the invasion ability of HCT‑116 cells, 

whereas rhIL‑1RA increased the invasion ability compared 
with the NC group. Both rhIL‑1RA and RAPA could rescue 
this invasion ability in the rhIL‑1β group (Fig. 3A). Migration 
assays exhibited similar results to the invasion assay (Fig. 3B). 

Figure 3. Continued. (C) Migration ability of each group analyzed by wound healing assay. *P<0.05, **P<0.01 and ***P<0.001. rh, recombinant human, IL, inter-
leukin; RAPA, rapamycin.
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Furthermore, the migratory ability of each group was also 
confirmed by wound healing assay. rhIL‑1β increased the 
wound area in HCT‑116 cells compared with the control cells, 
whereas rhIL‑1RA decreased it. Both rhIL‑1RA and RAPA 
treatment decreased the wound area in the rhIL‑1β group 
compared with control treatments (Fig. 3C).

IL‑1β reduces cell proliferation and clone formation ability 
and promotes cell apoptosis. Clone formation assays and a 
CCK‑8 assay were performed to assess clone formation ability 
and proliferation in each group. rhIL‑1β reduced clone forma-
tion in HCT‑116 cells compared to untreated cells, whereas 
rhIL‑1RA treatment exhibited no effect. In addition, both 
rhIL‑1RA and RAPA could rescue inhibited clone formation 
in the rhIL‑1β‑treated group (Fig. 4A). Furthermore, rhIL‑1β 
inhibited proliferation of HCT‑116 at 48 h and 72 h compared 
with the control treatment; whereas rhIL‑1RA promoted 
proliferation of HCT‑116 cells at 72 h compared with the 

control treatment. RAPA could rescue inhibited proliferation 
in the rhIL‑1β group, whereas rhIL‑1RA exhibited no effect 
(Fig. 4B). Flow cytometry was performed to assess cell apop-
tosis in each group. rhIL‑1β treatment (51.97±1.73%) promoted 
apoptosis of HCT‑116 cells compared with the control treat-
ment (27.19±0.33%), whereas rhIL‑1RA exhibited no effect 
(25.56±0.09%). In addition, both rhIL‑1RA (28.3±0.24%) and 
RAPA (27.09±0.24%) could rescue the increase in apoptosis 
observed in the rhIL‑1β group (Fig. 4C).

IL‑1β inhibits growth of subcutaneous xenografts in nude mice. 
To demonstrate the effect of rhIL‑1β in vivo, subcutaneous 
xenografts were injected into nude mice. A total of 1 µg rhIL‑1β 
was administered intraperitoneally (once per two days) and 
the results revealed that it significantly inhibited the growth of 
xenografts between day 5 and 15 (Fig. 5A and B). In addition, 
rhIL‑1β exhibited no effect on mouse weight, health, food intake, 
sleep and activity compared with control treatment (Fig. 5C).

Figure 4. (A) Clone formation ability of each group. *P<0.05 and ***P<0.001. (B) Proliferation of each group detected by CCK‑8 assay. rh1L‑β vs. NC, **P<0.01 
and ***P<0.001; rhIL‑1RA vs. NC, ##P<0.01. (C) Cell apoptosis of each group detected by flow cytometry (***P<0.001). rh, recombinant human, IL, interleukin; 
RAPA, rapamycin.
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Discussion

The tumor microenvironment is the area between tumor cells 
and adjacent normal tissues. Its components include extracel-
lular matrix, soluble molecules and tumor stromal cells. Once 
the tumor microenvironment is formed, numerous immune 
cells, such as T cells, macrophages are chemotactically drawn 
to this point (12). In addition to cellular factors, the molecules 
in the tumor microenvironment include extracellular matrix 
molecules, cytokines and chemokines. Cells and molecules 
in the tumor microenvironment are dynamic, reflecting the 
essence of tumor microenvironment evolution, and the final 
outcome is that a large number of immunosuppressive cells 
such as myeloid‑derived suppressor cells aggregate in the 
tumor microenvironment to regulate immune escape, growth 
and metastasis of the tumor (13).

In the present study expression of IL‑1β was assessed in 
CRC patients and a significant increase was observed when 
compared with normal tissues. In previous research of other 
tumors, IL‑1β was associated with metastasis and induction of 
EMT (7). It was hypothesized that IL‑1β would play a tumori-
genic role in CRC. However, analysis found higher expression 
of IL‑1β was associated with better OS and RFS, indicating 
a beneficial role in CRC. Significant co‑expression between 
IL‑1β and IL‑1RA was also observed, indicating a possible 
interaction between them.

The regulation of EMT by rhIL‑1β was studied as was 
demonstrated to have an activation effect in breast cancer (6). 

Notably, 100 nM rhIL‑1β for 48 h significantly inhibited EMT, 
in contrast with the results of a previous study in breast cancer. 
In addition, rhIL‑1RA induced EMT and rescued inhibition 
of EMT by rhIL‑1β. Autophagy is one of the main regulatory 
mechanisms of EMT. Long non‑coding RNA CPS1‑IT may 
suppress metastasis and EMT by inhibiting hypoxia‑induced 
autophagy through inactivation of hypoxia inducible factor‑1α 
in CRC (14). In the present study levels of several key markers 
of autophagy were determined, and the results indicated that 
rhIL‑1β inhibited autophagy in CRC, whereas rhIL‑1RA 
activated autophagy. Furthermore, autophagy activator RAPA 
significantly rescued inhibited autophagy in the rhIL‑1β 
group. Collectively, these results indicated that IL‑1β inhib-
ited EMT in vitro via inhibition of autophagy; while, IL‑1RA 
induced EMT in vitro via activation of autophagy. EMT is 
an important process for tumors to acquire invasiveness, and 
autophagy had also been demonstrated to promote invasion 
and metastasis (15,16). Autophagy is a process of phagocytosis 
of cytoplasmic proteins or organelles into vesicles and fusion 
with lysosomes to form autophagic lysosomes, which degrade 
the contents of the lysosomes, thereby realizing the metabolic 
needs of the cells themselves and leading to the renewal of 
some organelles. Many malignant tumors are positively or 
negatively correlated with autophagy in many stages of occur-
rence, development and metastasis (17,18).

Transwell assays and wound healing assay were performed 
to assess cell invasion and migration. As anticipated, rhIL‑1β 
significantly decreased cell invasion and migration and 

Figure 4. Continued. (C) Cell apoptosis of each group detected by flow cytometry (***P<0.001). rh, recombinant human, IL, interleukin; RAPA, rapamycin.
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rhIL‑1RA promoted invasion and migration. In addition, 
both rhIL‑1RA and RAPA exhibited a similar rescue effect 
of inhibited invasion and migration abilities in the rhIL‑1β 
treated group. These data indicated that the IL‑1β/1RA axis 
regulated EMT via autophagy. In addition, rhIL‑1β decreased 
clone formation ability in comparison with the control treat-
ment, whereas rhIL‑1RA exhibited no effect. In addition, both 
rhIL‑1RA and RAPA could rescue inhibited clone formation 
ability in the rhIL‑1β group. Furthermore, rhIL‑1β inhibited 
proliferation of HCT‑116 cells after 48 h, whereas rhIL‑1RA 
promoted proliferation of HCT‑116 cells after 72 h. RAPA 
could rescue inhibited proliferation in the rhIL‑1β group, 
whereas rhIL‑1RA exhibited no effect. In addition, rhIL‑1β 
promoted apoptosis of HCT‑116 cells, whereas rhIL‑1RA 
exhibited no effect. Both rhIL‑1RA and RAPA could rescue 
the increase of apoptosis in rhIL‑1β group. These results indi-
cated IL‑1β‑1RA autophagy‑regulated clone formation, cell 
proliferation and apoptosis may be a complex process.

Finally, the therapeutic effect of rhIL‑1β was assessed 
in vivo. rhIL‑1β treatment significantly inhibited the growth of 
xenografts between 5 and 15 days compared with the control 
treatment, with no effect on general health status.

A limitation of the present study was that our research was 
performed only in HCT‑116 cells, and more CRC cell lines 
remain to be investigated. We will further investigate the 
specific mechanism of the IL‑1β‑1RA‑autophagy axis in more 
CRC cell lines as well as other tumors.

In conclusion, IL‑1β and IL‑1RA were highly expressed in 
CRC patients. The IL‑1β/1RA axis was revealed to regulate 

EMT, cell invasion, migration, clone formation, proliferation 
and apoptosis in vitro via autophagy. In addition, IL‑1β also 
inhibited the growth of xenografts in vivo, and may be suitable 
as a new therapeutic drug for CRC patients.
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