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Abstract. Interleukin-33 (IL-33), a damage-associated molec-
ular pattern molecule, is a cytokine within the IL-1 interleukin 
family that binds to the plasma membrane receptor suppression 
of tumorigenicity 2 on numerous cell types. IL-33 has been 
extensively studied in its role in autoimmune diseases, host 
responses to pathogens and allergens, and has been associated 
with tumorigenic effects in cancer research. The present study 
was performed to investigate the effects of IL-33 on colon 
cancer cells, based off the previous data that have demonstrated 
an anti-tumor effect of IL-33 on pancreatic cancer cells. The 
effects of IL-33 on proliferation, cell survival and apoptosis 
on human HCT-116 colon cancer cells were examined using 
clonogenic survival assays, proliferation and caspase-3 activity 
kits, terminal deoxynucleotidyl transferase-mediated dUTP 
nick-end labeling staining and immunocytochemistry. It was 
determined that the HCT-116 cells demonstrated an notable 
decrease in optical density value upon incubation with IL-33, 
along with a decrease in the number of colonies, compared with 
the controls. It was further determined that the anti-proliferative 
effect of IL-33 on HCT-116 cells was associated with down-
regulation of the pro-proliferative molecules cyclin B, cyclin D 
and cyclin dependent kinase 2. An apoptosis-inducing effect of 
IL-33 on HCT-116 cells was associated with downregulation of 
the anti-apoptotic molecules Flice-like inhibitory protein and 
B-cell lymphoma 2. Taken together, the results indicated that 
IL-33 inhibits the growth of colon cancer by suppressing cellular 
proliferation, whilst simultaneously promoting apoptosis.

Introduction

Colorectal cancer is the third most commonly diagnosed 
cancer in the USA, with the second highest cancer-associated 
mortalities in males and the third highest cancer-associated 
mortalities in females in USA (1). Although increased 
screening has decreased morbidity and mortality rates associ-
ated with colorectal cancer, 49,190 mortalities were expected 
in the USA in 2016 (1).

Therapy options for colorectal cancer include neoadju-
vant radiotherapy, adjuvant chemotherapy and surgery (2). 
Immunomodulation has been investigated as a therapeutic agent 
to increase the efficacy of treatment in patients with cancer. 
Whilst efficacy of the use of cytokines in colon cancer has been 
demonstrated, further elucidation and refinement is required (3). 
Interleukin-33 (IL-33) was discovered in 2005 as a novel member 
of the IL-1 superfamily (4). IL-33 is expressed by endothelial and 
epithelial cells. It functions by binding to its primary receptor, 
ST2, whilst in a complex with the IL-1 receptor accessory 
protein (3). The role of IL-33 in various host responses to patho-
gens and allergens has been extensively studied (5); however, 
the role of IL-33 in cancer remains controversial. A number 
of studies have indicated that IL-33 has an inhibitory effect on 
tumor growth (6-8), whilst other studies have determined that it 
may promote cancer growth (9-11). This indicates that the role 
of IL‑33 in neoplasia is complex and further studies are required 
to address the exact role of IL-33 in different cancer types. 
Previously published data demonstrated that IL-33 inhibited 
proliferation and induced apoptosis of pancreatic cancer cells, 
and laid the groundwork for the present study (12).

Consequently, the present study was designed to further 
investigate the direct effect of IL‑33 on a frequently studied 
colon cancer cell line HCT-116 and its possible molecular 
mechanisms.

Materials and methods

Tumor cell line. The tumor cell line used for the present study 
was HCT-116, human colon cancer cells, that were purchased 
from American Type Culture Collection (Manassas, VA, USA). 
These HCT-116 cells were grown in Dulbecco's modified 
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Eagle's medium (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at 37˚C in a 5% CO2 atmosphere, supple-
mented with 10% fetal bovine serum (heat‑inactivated) and 1% 
penicillin-streptomycin (all from Invitrogen; Thermo Fisher 
Scientific, Inc.) as previously described (13‑17). These cells were 
cultured in the aforementioned environment until they reached 
70% confluence, upon which they were then subjected to a treat-
ment of IL-33 or medium alone to begin the investigation.

Treatment of HCT‑116 cells with IL‑33. HCT-116 cells 
selected to undergo treatment were exposed to 50 ng/ml 
IL-33 (Shenandoah Biotechnology, Warwick, PA, USA) over a 
period of 72 h. Concurrently, the control group was exposed to 
DMEM (Thermo Fisher Scientific, Inc.) for the same duration 
of time. The IL-33 concentration and duration were based on 
the previous work (12,18,19).

Clonogenic survival assay. Following the 72 h incubation, the 
HCT-116 cells were detached, manually counted and analyzed 
using a clonogenic survival assay kit (BioVision, Inc., Milpitas, 
CA, USA), as previously described (12,13,18‑20). The final 
HCT-116 cell survival results of the study were expressed as a 
percentage of the total colonies that were counted within the 
control group.

Immunocytochemistry for proliferating cell nuclear antigen 
(PCNA). A detailed method for PCNA staining has been 
previously described (12,13,18-20). To summarize, samples were 
incubated with 0.1% saponin (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) in 1% bovine serum albumin (Thermo 
Fisher Scientific, Inc.) and then incubated with polyclonal 
rabbit antibody for PCNA (sc-7907; dilution 1:100; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) at room temperature for 
1 h. The Avidin-Biotin Complex Immunoperoxidase system 
(Vector Laboratories, Inc., Burlingame, CA, USA) was used 
to amplify the immunoreactivity of the sample. The samples 
were then further developed by adding a secondary biotinyl-
ated donkey anti-rabbit antibody for 30 min (711-065-152, 
1:500 dilution; Jackson ImmunoResearch Laboratories, Inc., 
West Grove, PA, USA). NovaRED (Vector Laboratories, 
Inc.) was then used as the chromogen for staining. Following 
this, the slides were counterstained with hematoxylin (2 g/l; 
Sigma-Aldrich; Merck KGaA). The PCNA antibody was 
replaced with an equal amount of normal rabbit IgG (sc‑2027; 
Santa Cruz Biotechnology, Inc.) to establish a negative control, 
and it was then confirmed that the control slide was nega-
tive. Lastly, MetaMorph image analysis software (Molecular 
Devices LLC, Sunnyvale CA, USA) was used to measure 
the average immunostaining intensity and the results were 
expressed as an average integrated immunostaining intensity, 
which was described previously (12,13,18-20).

Determination of proliferation with the quick cell proliferation 
assay kit. The Quick Cell Proliferation Assay kit (BioVision, 
Inc.) was used to quantify HCT‑116 cell proliferation in 
accordance with the manufacturer's protocol, as previously 
described (12,13,18-20).

Reverse transcription‑semi‑quantitative polymerase chain 
reaction (RT‑sqPCR). mRNA expression of pro-proliferative 

molecules [cyclin B, cyclin D, cyclin E, cyclin dependent kinase 
(CDK)2 and CDK4] and anti-proliferative molecules (p18, p21, 
p27 and p53) was measured through RT‑sqPCR. Similarly, 
mRNA expression levels of pro-apoptotic molecules [Fas, Fas 
ligand (FasL), tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL), TRAIL receptor (TRAILR) and Bcl-2 
associated X (Bax)] and anti-apoptotic molecules [Flice-like 
inhibitory protein (FLIP), B-cell lymphoma 2 (Bcl-2) and 
survivin] were also measured with RT‑sqPCR. HCT‑116 cells 
were carefully washed with PBS and then homogenized in 
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.). NanoDrop 
spectrophotometry (Thermo Fisher Scientific, Inc.) was 
utilized to determine the RNA concentration once the RNA 
was removed from the cells. A 1 µg sample of HCT-116 RNA 
was used to complete the reverse transcription with a Reverse 
Transcription system (Cat. no. A3500; Promega Corporation, 
Madison, WI, USA), as previously described (12,13,18-20). 
GAPDH was used as an internal control to ensure that equiva-
lent amounts of RNA had been amplified. PCR (50 µl) reactions 
were performed following heating at 94˚C for 45 sec, 60˚C for 
60 sec and 72˚C for 90 sec. PCR products were collected prior 
to the amplifications reaching the plateau phase. Generally, 
40 cycles were used. The primer sequences used in the present 
study are depicted in Table I. The final PCR products were 
electrophoresed in an agarose gel with the concentration of 
2%. Following staining with ethidium bromide (0.5 µg/ml) for 
30 min at room temperature, the PCR products were visualized 
with UV light and normalized between samples relative to the 
levels of GAPDH, using an IS-1000 Digital Imaging system 
(magnification, x10; Thermo Fisher Scientific, Inc.) (17).

Terminal deoxynucleotidyl transferase‑mediated dUTP 
nick‑end labeling (TUNEL) staining. TUNEL staining was 
performed with an ApopTag® kit (EMD Millipore, Billerica, 
MA, USA) in order to demonstrate the process of apoptosis, 
as previously described (12,13,18-20). Quantification of the 
apoptotic cells was also described previously (12,13,18-20). 
TUNEL+ cancer cells in 3 or 4 randomly selected high-power 
fields were counted. The resulting TUNEL+ cells were calcu-
lated and expressed as a percentage of total cells.

Measurement of caspase‑3 activity. The Caspase-3 
Colorimetric Assay kit (BioVision, Inc.) was utilized as 
an additional method to evaluate apoptosis, as described 
previously (12,13,18-20). The results are expressed as relative 
caspase-3 activation in cells exposed to IL-33, compared with 
the caspase-3 activity of the control cells (12,13,18-20).

Statistical analysis. All data are presented as the mean ± SEM. 
An unpaired two-tailed Student's t-test performed using 
Microsoft Excel 2007 (Microsoft Corporation, Redmond, 
WA, USA) was used for statistical analysis of the data. 
P<0.05 was considered to indicate a statistically significant 
difference. All experiments were repeated for a minimum of 
two trials.

Results

Inhibitory effect of IL‑33 on the growth of HCT‑116 colon 
cancer cells. Based upon the results of the clonogenic survival 
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assay, it was noted that the percentage of surviving HCT-116 
colonies was significantly lower compared with the control 
group, following the 72 h treatment with IL-33 (Fig. 1A). 
PCNA staining and use of the Quick Cell Proliferation kit 
further confirmed this observed inhibitory effect of IL-33 
(Fig. 1B and C). These results indicate that IL-33 directly 
inhibited the growth of HCT-116 cells.

IL‑33 alters the expression of pro‑ and anti‑proliferative 
molecules. To investigate the molecular mechanisms, through 
which IL-33 may impede HCT-116 cell growth and survival, 
mRNA expression of pro-proliferative molecules [cyclin B, 

cyclin D, cyclin E, cyclin dependent kinase (CDK)2 and 
CDK4] and anti-proliferative molecules (p18, p21, p27 and 
p53) was measured through RT‑sqPCR (Fig. 2). The mRNA 
expression of cyclin B, cyclin D and CDK2 was determined 
to be significantly lower in the IL‑33 treated cells compared 
with the control cells (P<0.05), whilst the levels of cyclin E 
and CDK4 were not significantly altered (P>0.05). The mRNA 
expression of the anti-proliferative molecules p21, p27 and 
p53 was not significantly altered by the treatment (P>0.05), 
and there was an unexpected significant decrease in the 
expression of p18 in the IL-33 treated cells (P<0.05). These 
results indicated that the downregulation of pro-proliferative 

Table I. Primer sequences used in reverse transcription‑polymerase chain reaction.

Name Sense Antisense

GAPDH TGCCGTCTAGAAAAACCTGC ACCCTGTTGCTGTAGCCAAA
p18 CCTGATCGTCAGGACCCTAA TTATTGAAGATTTGTGGCTCC
p21 CACCCTAGTTCTACCTCAGGCA ACTCCCCCATCATATACCCCT
p27 ACGGGAGCCCTAGCCTGGAGC TGCCCTTCTCCACCTCTTGCC
p53 TGGCCATCTACAAGCAGTCACA GCAAATTTCCTTCCACTCGGAT
Cyclin B CCATTATTGATCGGTTCATGCAGA CTAGTGGAGAATTCAGCTGTGGTA
Cyclin D GGATGCTGGAGGTCTGCGAGGAAC GAGAGGAAGCGTGTGAGGCGGTAG
Cyclin E GGAAGGCAAACGTGACCGTT GGGACTTAAACGCCACTTAA
CDK2 TTTCTGCCATTCTCATCGG CTTGGCTTGTAATCAGGCATAGA
Fas ACTTGGGGTGGCTTTGTCTT GGATGATAGTCTGAATTTTCTCTG
FasL GCCTGTGTCTCCTTGTGA GCCACCCTTCTTATACTT
TRAILR1 AGAGGGATGGTCAAGGTCAA GAGTCAAAGGGCACGATGTT
TRAIL AGTCTCTCTGTGTGGCTGTA TGTCTATCAAGTGCTCATTT
Bax AAGAAGCTGAGCGAGTGT GGAGGAAGTCCAATGTC
FLIP AATTCAAGGCTCAGAAGCGA GGCAGAAACTCTGCTGTTCC
Bcl-2 GTGGAGGAGCTCTTCAGGGA AGGCACCCAGGGTGATGCAA

CDK, cyclin dependent kinase; FasL, Fas ligand; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; TRAILR, TRAIL receptor; 
Bax, Bcl-2 associated X.

Figure 1. Inhibitory effect of IL-33 on the growth of HCT-116 colon cancer cells. (A) The clonogenic survival assay of HCT-116 cells in the presence and 
absence of IL-33. The number of colonies was counted and expressed as a percentage of total colonies in the controls. (B) Immunocytochemistry for PCNA 
of HCT-116 cells in the presence and absence of IL-33. PCNA staining intensity was analyzed and results are expressed as the average integrated staining 
intensity relative to that in control cells. Original magnification, x400. (C) Cell proliferation evaluated with a proliferation kit in the presence and absence 
of IL-33. Results are expressed as the mean OD ± standard error of the mean in each group. ÙP<0.05, compared with the control. OD, optical density; IL-33, 
interleukin 33; PCNA, proliferating cell nuclear antigen.
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molecules is associated with the inhibitory effect of IL-33 on 
the proliferation of HCT-116 colon cancer cells.

Promoter effect of IL‑33 on apoptosis of HCT‑116 colon 
cancer cells. In addition to proliferative inhibition, IL-33 
may also induce a pro-apoptotic effect in HCT-116 cells, 
as indicated by the TUNEL staining results (Fig. 3A). A 
significantly higher number of TUNEL+ cells were counted 
following treatment with IL-33 compared with the control 
cells (P<0.05). Caspase-3 activity also demonstrated similar 
trends (Fig. 3B). These results indicated that IL-33 may exhibit 
an apoptosis-inducing effect in HCT-116 cells, contributing to 
the overall inhibitory effect that was observed.

IL‑33 alters the expression of pro‑ and anti‑apoptotic 
molecules. mRNA expression levels of pro-apoptotic molecules 
[Fas, Fas ligand (FasL), tumor necrosis factor-related apop-
tosis-inducing ligand (TRAIL), TRAIL receptor (TRAILR) 
and Bcl-2 associated X (Bax)] and anti-apoptotic molecules 
[Flice-like inhibitory protein (FLIP), B-cell lymphoma 2 
(Bcl‑2) and survivin] were measured with RT‑sqPCR and 
used to investigate the molecular mechanisms through which 
IL-33 may induce apoptosis in HCT-116 cells (Fig. 4). Notably, 
Fas and TRAIL mRNA expression levels were significantly 
decreased in the IL-33 treated cells (P<0.05), although FasL, 
TRAILR and Bax levels did not significantly change (P>0.05). 
Expression levels of FLIP and Bcl-2 were also determined 
to be significantly decreased in the cells treated with IL‑33 
(P<0.05), whilst survivin levels were not altered significantly 
(P>0.05). These results indicated that the downregulation 
of anti-apoptotic molecules, instead of the upregulation of 

pro-apoptotic molecules, is associated with the increased 
apoptosis observed in HCT-116 cells treated with IL-33.

Discussion

Colorectal cancer remains one of the leading causes of 
novel cancer diagnoses and cancer-associated mortality 
in the USA (2). Accordingly, numerous efforts have been 
undertaken to develop novel treatments to combat this 

Figure 2. IL-33 alters the expression of pro- and anti-proliferative molecules. 
Results are expressed as the mean ratio of specific molecule densitometric 
Units/GAPDH ± standard error of the mean. ÙP<0.05, compared with the 
control. CDK, cyclin dependent kinase; IL-33, interleukin-33.

Figure 3. Promoter effect of IL-33 on apoptosis of HCT-116 colon cancer 
cells. (A) The representative TUNEL staining. TUNEL+ cancer cells in 3-4 
randomly selected high‑power fields were counted. Original magnification, 
x400. (B) The cellular caspase-3 activity. Results are expressed as mean 
activity relative to controls ± standard error of the mean. ÙP<0.05, compared 
with the control. TUNEL, terminal deoxynucleotidyl transferase-mediated 
dUTP nick-end labeling; IL-33, interleukin 33.

Figure 4. IL-33 alters the expression of pro- and anti-apoptotic molecules. 
Results are expressed as the mean ratio of specific molecule densitometric 
Units/GAPDH ± standard error of the mean. ÙP<0.05, compared with the 
control. IL-33, interleukin 33; FasL, Fas ligand; TRAIL, tumor necrosis 
factor-related apoptosis-inducing ligand; TRAILR, TRAIL receptor; Bax, 
Bcl-2 associated X. 
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prevalent disease. IL-33 has been reported to serve a key role 
in the initiation of Th2 immunity, inducing the expression 
of Th2-associated cytokines, and may have been previously 
overlooked due to its presumed tumorigenic effects that have 
been well-documented (4). The IL-33 receptor consists of the 
heterodimeric complex of ST2 and the IL-1 receptor accessory 
protein, the former of which has been determined to be selec-
tively expressed in Th2 immune responses (3). Additionally, 
recent studies have determined a higher prevalence in the 
development of colorectal cancer amongst patients with inflam-
matory bowel disease, which appeared to be mediated, at least 
partially, by elevated levels of IL-33 and ST2 expression under 
the inflammatory state of the disease (8,9,11,21,22). A previous 
study determined an association between increased IL-33 
expression and increased angiogenesis in vivo, indicating that 
the IL-33 signaling pathway may support carcinogenesis (11). 
Contrary to these previous studies, the data from the present 
study indicated that the direct effect of IL-33 on colon cancer 
was inhibition of proliferation and induction of apoptosis 
in vitro, indicating that IL-33 may have a complex role in 
different biological environments. Similar anti-tumorigenic 
effects of IL-33 have been demonstrated in the previous 
pancreatic cancer study (12), as well as in a lymphoma study 
performed with mice models (8).

In the present study, no mRNA or protein expression levels 
of IL-33 in HCT-116 cells were investigated due to it being 
demonstrated that IL-33 is undetectable in the HCT-116 colon 
cancer cell line (23). If IL-33 was determined to be highly 
expressed in this cancer cell line, then it may be necessary to 
knock out or block endogenous IL‑33 to further confirm the 
initial data. Although IL-33 is not detectable in HCT-116 colon 
cancer cells (23), numerous other types of cells, including 
activated immune cells, fibroblasts and endothelial cells 
have been reported to produce IL-33 (24). Thus, it is possible 
that IL-33 produced by these cells may have an effect on the 
pathogenesis of colon cancer in a biological setting (24).

Tight homeostatic regulation of cellular processes and 
protein expression is essential for life, and any disruption in 
these functions may impact cell survival (12-16). Accordingly, 
the present study investigated the results of a net balance 
between pro- and anti-proliferative molecules in cells 
following their exposure to IL-33. mRNA levels of cyclin B, 
cyclin D, cyclin E, CDK2 and CDK4, which are regarded as 
pro-proliferative molecules, as well as the levels of p18, p21 
and p53, which are regarded as anti-proliferative molecules 
were specifically examined (12,18,19,25‑27). Having deter-
mined decreased levels of cyclin B, cyclin D and CDK2, the 
decreased expression of pro-proliferative molecules was there-
fore considered as a factor for the observed inhibitory effect of 
IL-33 on cancer cell proliferation.

The same homeostatic balance may also be described for 
the proteins regulating apoptosis, and the mRNA levels of 
pro-apoptotic and anti-apoptotic molecules were examined 
as well. Fas, FasL, TRAIL, TRAILR1 and Bax promote 
programmed cell death, and are traditionally categorized 
as pro-apoptotic molecules, whilst FLIP, Bcl-2 and survivin 
inhibit cells from undergoing apoptosis, and are tradition-
ally categorized as anti-apoptotic molecules (28). The results 
indicated that there were decreased levels of FLIP and 
Bcl-2, which may be responsible for the declined growth and 

survival of the cancer cells. It is reasonable that these cells, 
which have decreased levels of self-protective proteins, would 
have an increased chance of undergoing apoptosis. Therefore, 
the present study indicated that IL-33 may also disrupt the 
balance between pro- and anti-apoptotic molecules, resulting 
in the higher incidence of apoptosis that was observed in the 
present study.

Notably, it was determined that the anti-proliferative 
molecule p18, and the pro-apoptotic molecules Fas and TRAIL 
were significantly downregulated following treatment with 
IL-33. The overall expected result, given the established roles 
of these molecules, is that these decreased expression levels 
should favor cancer cell growth and survival, which directly 
contradicts these data. Although, the exact pathophysiological 
significance is unknown, it is possible that this phenomenon 
may contribute to an adaptive cellular injury response in an 
attempt to minimize any further cellular damage. As evident 
by the results of the present study, it may be logical to argue 
that the overall balance and homeostasis between pro- and 
anti-proliferative, as well as pro- and anti-apoptotic molecules, 
instead of individual molecular expression alone, determines 
the ultimate fate of cancer cells. Similar data have been 
documented in the previous studies as well, supporting this 
claim (12,18,19,25).

In conclusion, IL‑33 presents a significant anti‑tumorigenic 
effect through inhibition of proliferation and induction of 
apoptosis in colon carcinoma cells. By disrupting normal 
protein expression and homeostasis, there may be potential 
in the utilization of IL-33 as a strategy to treat colon cancer, 
although further research is required to fully elucidate the 
mechanisms of IL-33.
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