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Background: Osteosarcoma is the most common primary tumor of bone. Interleukin-33 (IL-33) is a pro-inflammatory cy-
tokine that also participates in tumor progression. This study aimed to investigate the role of IL-33 in human
osteosarcoma cell viability, proliferation, apoptosis, and epithelial-mesenchymal transition (EMT) in vitro and
the molecular mechanisms involved.

Material/Methods: The normal osteoblast cell line, hFOB 1.19, and the human osteosarcoma cell lines SOSP-9607, SAOS2, MG63,
and U20S were studied. The expression of IL-33 mRNA and protein in human osteosarcoma cell lines were de-
tected using quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot, respectively. The ef-
fects of IL-33 on human osteosarcoma cell viability, apoptosis, EMT, and the signaling pathways were studied
using the MTT assay, flow cytometry, gqRT-PCR, and Western blot.

Results: IL-33 was upregulated in human osteosarcoma cell lines, including U20S cells. The use of an IL-33 gene plas-
mid promoted osteosarcoma cell viability, inhibited cell apoptosis, increased the expression of Bcl-2, and re-
duced the expression of Bax. IL-33 reduced the level of E-cadherin and increased the levels of N-cadherin and
matrix metalloproteinase-9 (MMP-9) in osteosarcoma cells at the mRNA and protein level. The use of the IL-33
plasmid increased the protein expression levels of p-AKT and the p-AKT/AKT ratio in osteosarcoma cells, and
IL-33 siRNA reversed these findings.

Conclusions: IL-33 was highly expressed in human osteosarcoma cells. Down-regulation of IL-33 reduced cell viability and
EMT of osteosarcoma cells, and induced cell apoptosis through activation of the PI3K/AKT signaling pathway.
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Background

Osteosarcoma is the most common primary tumor of bone and
accounts for approximately 60% of cancer-related deaths in
children and young adults [1]. Although there have been re-
cent improvements in the treatment of osteosarcoma, includ-
ing chemotherapy, radiotherapy, and surgery, the survival rates
for advanced-stage osteosarcoma remain poor [2]. Therefore,
the cellular and molecular mechanisms involved in the patho-
genesis and progression of osteosarcoma require further study
to identify new approaches to treatment.

Interleukin-33 (IL-33) is a cytokine of the IL-1 superfamily [3],
and is considered to be the natural ligand for the orphan IL-1
receptor (IL-1R), ST2 [4]. IL-33 combines with ST2 and IL-1R
accessory protein dimers, and IL-33 expression results in the
activation of the MyD88-dependent toll-like receptor signal-
ing pathway, the nuclear factor-xB (NF-kB) pathway, and the
mitogen-activated protein kinase (MAPK) pathway [5,6]. Recent
studies have shown that IL-33 has an important role in driv-
ing allergic responses [7], including asthma [8], atopic dermati-
tis, and anaphylaxis [9,10]. Also, inflammation associated with
atherosclerosis and infection-induced tissue damage are as-
sociated with the expression of IL-33 [11].

Due to the significance of IL-33 in inflammation, recent stud-
ies have identified the role of IL-33 in carcinogenesis. IL-33 is
overexpressed in several human cancers, including colorectal
cancer (CRC), breast cancer, and non-small cell lung cancer
(NSCLC) [12-14]. Recently, a study of breast cancer showed
that the IL-33/ST2 signaling pathway suppressed anti-tumor
immunity and accelerated the development of breast cancer
metastasis [15]. IL-33 has also been reported to play an es-
sential role in glioma and colon cancer cell metastasis [16,17].
These findings indicate that IL-33 may promote tumor progres-
sion. However, although IL-33 has previously been reported to
be expressed in osteosarcoma [18-20], the role and mecha-
nisms of IL-33 in osteosarcoma cells remain unclear.

Therefore, this study aimed to investigate the role of IL-33 in
human osteosarcoma cell viability, proliferation, apoptosis,
and epithelial-mesenchymal transition (EMT) in vitro and the
molecular mechanisms involved.

Material and Methods

Cell lines and cell culture

The normal osteoblast hFOB1.19 cell line and the four hu-
man osteosarcoma cell lines, MG63, SOSP-9607, U20S, and
SA0S2, were obtained from American Type Culture Collection
(ATCC) (Manassas, VA, USA). Cells were cultured in Dulbecco’s
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modified Eagle’s medium (DMEM) containing 10% fetal bo-
vine serum (FBS) (Hyclone, Logan, UT, USA), 5 U/ml heparin,
100 U/ml penicillin, and 100 U/ml streptomycin, and incubat-
ed at 37°C and 5% CO,.

Cell transfection and reagents

The IL-33 plasmid (Cat no. sc-417699-ACT), the plasmid con-
trol (Cat no. sc-437275), IL-33 siRNA (Cat no. sc75333), and
control siRNA (Cat no. sc36869) were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). For transient trans-
fection, the IL-33 plasmid, the plasmid control, IL-33 siRNA
or control siRNA were transfected into U20S cells using
Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA), according
to the manufacturer’s instructions. At 48 h after cell transfec-
tion, the cells were collected for further study. The transfection
efficiency was detected by quantitative real-time polymerase
chain reaction (qRT-PCR) and Western blot.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Total RNAs were extracted from cell lysates using TRIzol re-
agent (Thermo Fisher Scientific, Waltham, MA, USA) accord-
ing to the manufacturer’s instructions. The HiScript™ Il QRT
SuperMix was used to reverse total RNA (1 pg) into cDNA syn-
thesis following the manufacturer’s instructions. Amplification
was performed using gRT-PCR using a Step One Plus system
(Roche Molecular Diagnostics, Pleasanton, CA, USA) in 20 pl of
reaction mixture including 2 pl of cDNA template, 4 ul of each
primer in double-distilled H,0, and 10 ul of ChamQ™ Universal
SYBR gPCR Master Mix (Thermo Fisher Scientific, Waltham, MA,
USA). The PCR conditions were as follows: 30 cycles of dena-
turation at 95°C for 60 sec; annealing at 60°C for 60 sec; and
PCR extension at 72°C for 1 min; and a final extension step at
72°C for 10 min. The glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) gene was used as internal control. The 2-44¢a
method was used to calculate relative expression levels [21].

The PCR primer sequences used were:

GAPDH, forward: 5’-CTTTGGTATCGTGGAAGGACTC-3’;
GAPDH, reverse: 5’-GTAGAGGCAGGGATGATGTTCT-3;
IL-33, forward: 5’-GCCAACAACAAGGAACACTCTG-3;
IL-33, reverse: 5’-CACTCCAGGATCAGTCTTGCAT-3’;
E-cadherin, forward: 5’-CGAGAGCTACACGTTCACGG-3’;
E-cadherin, reverse: 5’-GGGTGTCGAGGGAAAAATAGG-3’;
N-cadherin, forward: 5’-TTTGATGGAGGTCTCCTAACACC-3’;
N-cadherin, reverse: 5’-ACGTTTAACACGTTGGAAATGTG-3’;
MMP-9, forward: 5’-AGCCCACATAGTCCACCTGA-3’;

MMP, reverse: 5’-CCCATTAGCACGCACGAC-3'.
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Western blot

Total proteins from cells were extracted by RIPA lysis buffer
(Beyotime Biotechnology, Inc., Shanghai, China), and centri-
fuged at 12,000 rpm for 30 min at 4°C. The concentration of
protein was quantified with a BCA Protein Assay Kit (Beyotime
Biotechnology, Inc., Shanghai, China). Equal amounts of pro-
tein samples (40 pg) was separated by 10% sodium dodecy!
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred onto polyvinylidene difluoride (PVDF) mem-
branes. The membranes were blocked with 5% dried skimmed
milk powder at room temperature for 1 h and incubated at 4°C
overnight with the primary antibodies. The primary antibod-
ies were obtained from Abcam (Cambridge, MA, USA) and in-
cluded antibodies to IL-33 (1: 1,000) (Cat no. Ab54385), Bcl-2
(1: 1,000) (Cat no. Ab185002), Bax (1: 1,000) (Cat no. Ab32503),
E-cadherin (1: 1,000) (Cat no. Ab1416), N-cadherin (1: 1,000)
(Cat no. Ab18203), MMP-9 (1: 1,000) (Cat no. Ab38898), p-AKT
(1: 1,000) (Cat no. Ab38449), AKT (1: 1,000) (Cat no. Ab18785),
and GAPDH (1: 1,000) (Cat no. Ab181602). The membranes
were washed four times in PBST and incubated with horserad-
ish peroxidase (HRP)-conjugated goat anti-rabbit 1gG (1: 2,000)
(Cat no. 7074; Cell Signaling Technology, Danvers, MA, USA)
at room temperature for 1 h. The protein bands were visual-
ized using enhanced chemiluminescence (ECL) Western blot
substrate (Pierce Biotechnology, Rockford, IL, USA) was used.
Proteins were quantified by densitometry using Quantity One
version 4.5.0 software (Bio-Rad, Hercules, CA, USA).

Cell viability assay

Cell viability was measured using the MTT assay according to
the manufacturer’s protocol. U20S cells were plated into 96-
well plates (10,000 cells per well) in triplicate and incubated
overnight. The culture medium was removed, and the IL-33
plasmid, plasmid control, IL-33 siRNA, or control siRNA were
added and co-transfected with the cells for 48 h at 37°C. Then,
MTT solution (10 pl) was mixed with the cells and incubated at
37°C for another 4 h, according to the manufacturer’s instruc-
tions. After removing the supernatant, 100 pl of dimethyl sulf-
oxide (DMSO) (KeyGen Biotech Co. Ltd., Nanjing, China) was
added to solubilize the formazan crystals. The optical densi-
ty (OD) was measured at 490 nm using an automated micro-
plate reader (BioTek, Winooski, VT, USA).

Flow cytometry for cell apoptosis

U20S cells were transfected with the IL-33 plasmid, the plasmid
control, IL-33 siRNA, or control siRNA for 48 h. Then, the U20S
cells were trypsinized. An Annexin V, fluorescein isothiocya-
nate (FITC), and propidium iodide (PI) cell apoptosis detection
kit (Sigma-Aldrich, St. Louis, MO, USA) was used to analyze
cell apoptosis by flow cytometry using a BD FACSCalibur flow
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cytometer (BD Biosciences, Franklin Lakes, NJ, USA), according
to the manufacturer’s protocol. The data were analyzed using
FlowJo software version 7.6.1 (FlowJo LLC, Ashland, OR, USA).

Statistical analysis

Data were presented as the meanzstandard deviation (SD).
The experiments were performed in triplicate. Data were an-
alyzed using SPSS version 18.0 software (SPSS Inc, USA).
Differences between the groups were analyzed using Student’s
t-test or one-way analysis of variance (ANOVA) with Bonferroni’s
post hoc test. A P-value <0.05 was considered to be statisti-
cally significant.

Results

Interleukin-33 (IL-33) expression was increased in human
osteosarcoma cell lines

The IL-33 level in human osteosarcoma cell lines, SOSP-9607,
SA0S2, MG63, and U20S, and the normal osteoblast cell line,
hFOB1.19, was detected using quantitative real-time poly-
merase chain reaction (qQRT-PCR) and Western blot. As shown
in Figure 1A and 1B, compared with the normal osteoblast
hFOB1.19 cell line, human osteosarcoma cell lines MG63,
SOSP-9607, U20S, SAOS2 expressed increased levels of IL-33.
Because the expression of IL-33 was greatest in the U20S hu-
man osteosarcoma cells, the U20S cell line was used for the
subsequent experiments.

Increased expression of IL-33 increased cell viability and
inhibited apoptosis in osteosarcoma cells

The IL-33 plasmid and the plasmid control were transfected
into the osteosarcoma cells to examine the biological effect of
IL-33 on osteosarcoma cells. Western blot and gRT-PCR were
performed to evaluate the expression levels of IL-33 in U20S
cells. The use of the IL-33 plasmid significantly increased mRNA
and protein expression of IL-33 in U20S cells (Figure 2A, 2B).

Cell viability was assessed using the MTT assay to investigate
the effect of increased expression of IL-33 on the viability of
U20S cells. As shown in Figure 2C, increased expression of
IL-33 significantly increased U20S cell viability. Flow cytome-
try was performed to determine the effect of the IL-33 plas-
mid on cell apoptosis. A significantly reduced cell apoptosis
rate was detected in U20S cells following IL-33 plasmid trans-
fection compared with the plasmid transfection control group
(Figure 2D, 2E). Western blot confirmed that the IL-33 plas-
mid regulated the expression of apoptosis-related proteins in
U20S cells and showed increased Bcl-2 protein expression and
decreased Bax protein expression (Figure 2F). These findings
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Figure 1. The expression of interleukin-33 (IL-33) in human osteosarcoma cells in vitro. (A, B) The level of IL-33 in the normal
osteoblast cell line hFOB 1.19 and the human osteosarcoma cell lines, SOSP-9607, SAOS2, MG63, and U20S, was
detected using quantitative real-time polymerase chain reaction (GRT-PCR) and Western blot. The data are shown as the
meanzstandard deviation (SD). *, ** p<0.05, 0.01 vs. hFOB 1.19.

showed that IL-33 upregulation increased cell viability and re-
duced cell apoptosis in U20S cells in vitro.

Increased expression of IL-33 increased epithelial-
mesenchymal transition (EMT) in osteosarcoma cells

EMT plays an important role in tumor migration. The IL-33 plas-
mid and the plasmid control were transfected into the U20S
cells for 48 h to investigate the effect of the IL-33 plasmid on
the expression of EMT markers, which were detected by qRT-
PCR and Western blot. U20S cells transfected with the IL-33
plasmid showed increased protein and mRNA expression lev-
els of N-cadherin (Figure 3A, 3C) and MMP-9 (Figure 3A, 3D),
and lower protein and mRNA expression levels of E-cadherin
(Figure 3A, 3B) compared with the plasmid control transfec-
tion group. The results showed that increased expression of
IL-33 promoted EMT in U20S cells in vitro.

Increased expression of IL-33 activated the PI3K/Akt
pathway in osteosarcoma cells

U20S cells were transfected with the IL-33 plasmid and the plas-
mid control for 48 h to determine the relationship between in-
creased expression of IL-33 and the PI3K/Akt pathway. The pro-
tein levels of p-AKT and AKT were measured by Western blot
after transfection. As shown in Figure 3A and 3E, Western blot
showed that the transfection of U20S cells with the IL-33 plas-
mid significantly increased the protein expression of p-AKT and
the p-AKT/AKT ratio The results indicated that overexpressed
IL-33 could activate PI3K/Akt pathway in U20S cells in vitro.

IL-33 down-regulation inhibited cell viability and induced
apoptosis in U20S osteosarcoma cells

U20S cells were transfected with IL-33 siRNA and control
siRNA. After cell transfection, the level of IL-33 was detected

by using qRT-PCR and Western blot. The mRNA and protein
expression of IL-33 observably reduced after transfection with
IL-33 siRNA compared with the control siRNA transfection
group (Figure 4A, 4B). MTT assay was used to investigate the
effects of IL-33 siRNA on osteosarcoma cell viability. The results
illustrated that IL-33 down-regulation reduced the cell viabil-
ity of U20S cells (Figure 4C). Flow cytometry analysis indicat-
ed that IL-33 siRNA induced apoptosis in osteosarcoma cells
(Figure 4D, 4E). Also, to clarify the proapoptotic effect of IL-33
SiRNA on U20S cells, expression of apoptosis-related proteins
Bax and Bcl-2 were examined by Western blot. Figure 4F shows
that IL-33 siRNA reduced the protein expression of Bcl-2 and
increased Bax protein levels in U20S cells in vitro.

Down-regulation of IL-33 reduced EMT in U20S
osteosarcoma cells

Transfection with IL-33 siRNA and control siRNA of U20S cells
for 48 h was performed to investigate the effects of IL-33 siRNA
on EMT. Western blot and qRT-PCR were performed to inves-
tigate the expression levels of markers of EMT. Western blot
showed that IL-33 siRNA promoted the protein expression lev-
els of E-cadherin, and reduced the protein expression levels
of N-cadherin and MMP-9 in U20S cells (Figure 5A). Similar
results were obtained by qRT-PCR (Figure 5B-5D). These find-
ings indicated that the down-regulation of IL-33 reduced EMT
in U20S cells in vitro.

IL-33 down-regulation inhibited the PI3K/Akt pathway in
U20S human osteosarcoma cells

The effect of IL-33 siRNA on the PI3K/Akt pathway in osteosar-
coma cells was investigated by measuring the levels of p-AKT
and AKT in the PI3K/Akt pathway by Western blot after trans-
fection. As shown in Figure 5A and 5E, Western blot showed
that IL-33 siRNA significantly reduced the protein expression
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Figure 2. Overexpression of interleukin-33 (IL-33) increased cell viability, cell apoptosis and expression of apoptosis-related factors in
U20S human osteosarcoma cells in vitro. The IL-33 gene plasmid and the control plasmid were transfected into U20S human
osteosarcoma cells for 48 h. (A, B) The level of IL-33 was measured by quantitative real-time polymerase chain reaction (qRT-
PCR) and Western blot. (C) U20S cell viability was measured by the MTT assay. (D, E) Apoptosis of U20S cells is shown by
double-staining with Annexin V and fluorescein isothiocyanate (FITC) and flow cytometry. (F) The expression levels of Bcl-2
and Bax proteins were measured by Western blot. The data are shown as the mean#standard deviation (SD). ** p<0.01 vs.

the control plasmid.

of p-AKT and the p-AKT/AKT ratio in U20S cells compared with
the control siRNA transfection group (Figure 5A, 5E). The re-
sults supported that IL-33 down-regulation could inhibit the
PI3K/AKT signaling pathway in U20S human osteosarcoma
cells in vitro.
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Discussion

The expression of interleukin-33 (IL-33) has mainly been stud-
ied in inflammatory diseases [22]. Recently, several studies
have shown that IL-33 plays a vital role in the development
and progression of cancer [23]. IL-33 upregulation has been
described in several cancers, including uterine cancer and
lung cancer [24,25]. Increased expression levels of IL-33 have
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Figure 3. Overexpression of interleukin-33 (IL-33) increased the levels of epithelial-mesenchymal transition (EMT) markers and
the PI3K/AKT signaling pathway in U20S human osteosarcoma cells in vitro. The U20S human osteosarcoma cells were
transfected with the IL-33 gene plasmid and the control plasmid for 48 h. (A) The protein levels of the EMT markers,
E-cadherin, N-cadherin, matrix metalloproteinase- 9 (MMP-9), p-AKT, and AKT in transfected cells were detected by Western
blot. (B-D) The mRNA levels of the EMT markers, E-cadherin, N-cadherin, and MMP-9 in transfected cells were detected by
quantitative real-time polymerase chain reaction (QRT-PCR). (E) The ratio of p-AKT/AKT was determined. The data are shown
as the meantstandard deviation (SD). ** p<0.01 vs. the control plasmid.

been reported in the growth and metastasis of hepatocellu-
lar carcinoma (HCC) [26]. IL-33 has been reported to be asso-
ciated with tumor cell invasion in head and neck squamous
cell carcinoma [27]. The findings on the role of IL-33 from
previous studies supported the aims of the present study to
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investigate the role and mechanisms of IL-33 in human osteo-
sarcoma cells in vitro.

Koster et al. [18] showed that the GLDC/IL33 locus on chro-
mosome 9p24.1 was associated with overall survival (OS) in
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Figure 4. Down-regulation of interleukin-33 (IL-33) reduced cell viability, cell apoptosis, and expression of apoptosis-related factors
in U20S human osteosarcoma cells in vitro. IL-33 siRNA and control siRNA were transfected into U20S cells for 48 h.
(A, B) The expression levels of IL-33 were measured by quantitative real-time polymerase chain reaction (QRT-PCR) and Western
blot. (C) U20S cell viability was measured by the MTT assay. (D, E) Apoptosis of U20S cells is shown by double-staining with
Annexin V and fluorescein isothiocyanate (FITC) and flow cytometry. (F) Expression levels of Bcl-2 and Bax proteins were
measured by Western blot. The data are shown as the mean#standard deviation (SD). ** p<0.01 vs. the control siRNA.

patients with osteosarcoma. Also, IL-33 gene polymorphisms
were reported to be correlated with an increased risk of osteo-
sarcoma [19]. IL-33 has been identified as a potential risk fac-
tor for the development and prognosis of osteosarcoma [20].
However, the role of IL-33 in human osteosarcoma cells re-
mains to be determined. The findings from the present study
demonstrated that the level of IL-33 in human osteosarcoma
cell lines was higher than those in the normal control cells.

Clinical studies have shown that IL-33 may function as an on-
cogenic cytokine, which resulted in intestinal tumorigenesis
in humans and mice [28]. IL-33 may activate tumor stroma to
accelerate intestinal polyposis [29]. IL-33 was also shown to
increase the growth of gastric cancer cells and ovarian cancer
cell growth and invasion [30]. The findings from the present
study were consistent with the findings from these previous
studies and showed that the upregulation of IL-33 significantly
increased cell viability and inhibited the cell apoptosis of human
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Figure 5. Down-regulation of interleukin-33 (IL-33) reduced epithelial-mesenchymal transition (EMT) and the PI3K/AKT signaling
pathway in U20S human osteosarcoma cells in vitro. U20S cells were transfected with IL-33 siRNA and control siRNA
for 48 h. (A) The protein levels of the epithelial-mesenchymal transition (EMT) markers, E-cadherin, N-cadherin, matrix
metalloproteinase-9 (MMP-9), p-AKT, and AKT in transfected cells were measured by Western blot. (B-D) The mRNA levels
of the EMT markers, E-cadherin, N-cadherin, and MMP-9 in transfected cells were detected by quantitative real-time
polymerase chain reaction (qRT-PCR). (E) The ratio of p-AKT/AKT was determined. The data are shown as the mean+standard

deviation (SD). ** p<0.01 vs. control siRNA.

osteosarcoma cells in vitro. However, the down-regulation of
IL-33 significantly inhibited osteosarcoma cell viability and in-
creased osteosarcoma cell apoptosis. IL-33 participated in os-
teosarcoma cell growth and down-regulation of IL-33 inhibit-
ed cell viability and promoted cell apoptosis in vitro.
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Epithelial-mesenchymal transition (EMT) is a complex biolog-
ical process that leads to loss of the cell epithelial phenotype
to increase cell motility, cell invasion, and metastasis of can-
cer cells [31]. EMT is regulated by transcription factors that
suppress epithelial genes that express E-cadherin and pro-
mote mesenchymal genes that encode N-cadherin and matrix
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metalloproteinase-9 (MMP-9) [32]. In the present study, the IL-33
plasmid and IL-33 siRNA were transfected into human osteo-
sarcoma cells to investigate the effects of IL-33 on the level
of EMT-associated genes and proteins. The findings showed
that over-expression of IL-33 resulted in the down-regulation
of E-cadherin and upregulation of N-cadherin and MMP-9 ex-
pression in osteosarcoma cells. The down-regulation of IL-33
had the opposite effects. These findings supported that IL-33
down-regulation suppressed EMT in human osteosarcoma cells,
indicating that IL-33 knockdown might be a promising thera-
peutic target for the inhibition of cell invasion in osteosarcoma.

Previously published studies have shown that IL-33 expres-
sion resulted in the activation of signaling pathways, includ-
ing the PI3K/AKT and MAPK pathways [33]. Several studies
have shown that the PI3K/AKT pathway is activated in osteo-
sarcoma, and inhibition of this pathway by small-molecule
therapeutic compounds is a potential therapeutic approach
for osteosarcoma [34-36]. PI3K generates phosphatidylino-
sitol-3,4,5-triphosphate (PIP3) on the plasma membrane, and
PIP3 is transferred Akt to the form p-Akt [37]. Then, p-Akt af-
fects cell proliferation and apoptosis by regulating the expres-
sion of oncogenic factors [38]. In the present study, the protein
expression level of p-AKT and AKT on the PI3K/AKT signaling
pathway in osteosarcoma cells was measured by Western blot.
The findings showed that the upregulation of IL-33 resulted in
increased p-AKT protein levels and an increase in the p-AKT/AKT
ratio, and down-regulation of IL-33 resulted in a reduction in
the p-AKT level and the p-AKT/AKT ratio in osteosarcoma cells.
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This study had several limitations. Although the results showed
that IL-33 was significantly upregulated in human osteosar-
coma cell lines, one cell line, U20S, was chosen for most of
the experiments. In this in vitro study, down-regulation of
IL-33 suppressed osteosarcoma cell viability and EMT, and
induced cell apoptosis by inhibiting the PI3K/AKT signaling
pathway. However, this in vitro study was preliminary and
may not represent the in vivo changes found in human osteo-
sarcoma. Therefore, future in vivo studies are required to val-
idate the preliminary in vitro findings, including the role of the
PI3K/AKT pathway.

Conclusions

This study aimed to investigate the role of IL.-33 in human
osteosarcoma cell viability, proliferation, apoptosis, and epi-
thelial-mesenchymal transition (EMT) in vitro and the molecu-
lar mechanisms involved. IL-33 was highly expressed in human
osteosarcoma cells. Down-regulation of IL-33 reduced cell vi-
ability and EMT of osteosarcoma cells, and induced cell apop-
tosis through activation of the PI3K/AKT signaling pathway.

Acknowledgments

The authors thank colleagues from the Department of
Orthopedics, the First Affiliated Hospital of Soochow University,
who provided insight and expertise, and Professor Huilin Yang
and Mr. Kejun Liu.

Conflict of interest

None.

9. Peng G, Mu Z, Cui L et al: Anti-IL-33 antibody has a therapeutic effect in
an atopic dermatitis murine model induced by 2, 4-dinitrochlorobenzene.
Inflammation, 2018; 41(1): 154-63

10. Bandara G, Beaven MA, Olivera A et al: Activated mast cells synthesize and
release soluble ST2-a decoy receptor for IL-33. Eur J Immunol, 2016; 45:
3034-44

11. Fulgheri G, Malinowski B: The Role of IL-33 in the inflammation process of
asthma and atherosclerosis. EJIFCC, 2011; 22(3): 79-91

12. Wang C, Chen Z, Bu X et al: IL-33 signaling fuels outgrowth and metasta-
sis of human lung cancer. Mol Cell Biol Res Commun, 2016; 479: 461-68

13. Akimoto M, Maruyama R, Takamaru H et a;: Soluble IL-33 receptor sST2 in-
hibits colorectal cancer malignant growth by modifying the tumor micro-
environment. Nat Commun, 2016; 7: 13589

14. Hu H, Sun J, Wang C et al: IL-33 facilitates endocrine resistance of breast
cancer by inducing cancer stem cell properties. Mol Cell Biol Res Commun,
2017; 485: 643

15. Jovanovic IP, Pejnovic NN, Radosavljevic GD et al: IL-33/ST2 axis in innate
and acquired immunity to tumors. Oncoimmunology, 2012; 1(2): 229-31

16. Fang KM, Yang CS, Lin TC et al: Induced interleukin-33 expression enhanc-
es the tumorigenic activity of rat glioma cells. Neuro Oncol, 2014; 16(4):
552-66

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€920766-9




LAB/IN VITRO RESEARCH

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

O’Donnell C, Mahmoud A, Keane J et al: An antitumorigenic role for the
IL-33 receptor, ST2L, in colon cancer. Br ) Cancer, 2016; 114: 37-43

Koster R, Panagiotou OA, Wheeler WA et al: Genome-wide association study
identifies the GLDC/IL33 locus associated with survival of osteosarcoma
patients. Int J Cancer, 2018; 142(8): 1594-601

Wang JL, Liu J, Xie KG et al: Association between functional polymorphisms
in IL-33/ST2 pathway and risk of osteosarcoma. J Cell Mol Med, 2018 [Epub
ahead of print]

Kang C, Zhao J, Wang Y et al: Relationship of common variants in Interleukin
33 gene with susceptibility and prognosis of osteosarcoma in Han Chinese
population. J Cancer, 2019; 10(5): 1138-44

Livak KJ, Schmittgen TD: Analysis of relative gene expression data using
real-time quantitative PCR and the 2-AACt method. Methods, 2001; 25(4):
402-8

Lars B, Poulsen LK: IL-1 family members IL-18 and IL-33 upregulate the
inflammatory potential of differentiated human Th1 and Th2 cultures.
J Immunol, 2012; 189: 4331-37

Lu B, Yang M, Wang Q: Interleukin-33 in tumorigenesis, tumor immune eva-
sion, and cancer immunotherapy. ) Mol Med, 2016; 94(5): 535-43

Kim MS, Kim E, Heo JS et al: Circulating IL-33 level is associated with the
progression of lung cancer. Lung Cancer, 2015; 90(2): 346-51

Santulli P, Even M, Chouzenoux S et al: Profibrotic interleukin-33 is corre-
lated with uterine leiomyoma tumour burden. Hum Reprod, 2013; 28(8):
2126-33

Yang Y, Wang JB, Li YM et al: Role of IL-33 expression in oncogenesis and
development of human hepatocellular carcinoma. Oncol Lett, 2016; 12:
429-36

Chen SF, Nieh S, Jao SW et al: The paracrine effect of cancer-associated
fibroblast-induced interleukin-33 regulates the invasiveness of head and
neck squamous cell carcinoma. J Pathol, 2014; 231(2): 180-89

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

€920766-10

Wang S. et al.:
IL-33 and osteosarcoma cells
© Med Sci Monit, 2020; 26: e

Mertz KD, Mager LF, Wasmer MH et al: The IL-33/ST2 pathway contributes
to intestinal tumorigenesis in humans and mice. Oncoimmunology, 2015;
5(1): €1062966

Maywald RL, Doerner SK, Luca P et al: IL-33 activates tumor stroma to pro-
mote intestinal polyposis. Proc Natl Acad Sci USA, 2015; 112(19): E2487

Deng K, Wang H, Shan T et al: Tristetraprolin inhibits gastric cancer pro-
gression through suppression of IL-33. Sci Rep, 2016; 6: 24505

Sung JY, Park SY, Kim JH et al: Interferon consensus sequence-binding pro-
tein (ICSBP) promotes epithelial-to-mesenchymal transition (EMT)-like phe-
nomena, cell-motility, and invasion via TGF-B signaling in U20S cells. Cell
Death Dis, 2014; 5: e1224

Sanchez-Till6 E, Liu Y, Barrios OD et al: EMT-activating transcription fac-
tors in cancer: Beyond EMT and tumor invasiveness. Cell Mol Life Sci, 2012;
69(20): 3429-56

Chu H, Hao W, Cheng Z et al: Black carbon particles and ozone-oxidized
black carbon particles induced lung damage in mice through an interleu-
kin-33 dependent pathway. Sci Total Environ, 2018; 644: 217-28

Zhang J, Yu XH, Yan YG et al: PI3K/Akt signaling in osteosarcoma. Clin Chim
Acta, 2015; 444: 182-92

Zhang Y, Zhang Q, Bao J et al: Apiosporamide, A 4-hydroxy-2-pyridone al-
kaloid, induces apoptosis via PI3K/Akt signaling pathway in osteosarcoma
cells. Onco Targets Ther, 2019; 12: 8611-20

Jin R, Jin YY, Tang YL et al: GPNMB silencing suppresses the proliferation
and metastasis of osteosarcoma cells by blocking the PI3K/Akt/mTOR sig-
naling pathway. Oncol Rep, 2018; 39(6): 3034-40

Wang X, Hills LB, Huang YH: Lipid and protein co-regulation of PI3K effec-
tors Akt and Itk in lymphocytes. Front Immuno, 2015; 6: 117

Hou Z, Mao J, Lu Y, Li L: rApoptin induces apoptosis in human breast cancer
cells via phosphorylation of Nur77 and Akt. Biochem Biophys Res Commun,
2018; 498(1): 221-27

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



