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Abstract

Interleukin (IL)-33/ST2 pathway plays crucial roles in tumour growth and metastasis.
The aim of this study was to investigate the association of two functional polymor-
phisms (IL-33 rs7025417 and ST2 rs3821204) with osteosarcoma (OS) risk. The
rs7025417 and rs3821204 were genotyped by Tagman assay. IL-33 mRNA and pro-
tein levels were measured by real-time PCR or enzyme-linked immunosorbent assay.
The luciferase activity was measured by a dual luciferase reporter gene assay. The
allele-specific transcription factor binding for rs7025417 was examined by ChlIP-seq.
The IL-33 rs7025417 CC genotype was significantly associated with a decreased
risk of OS (CC vs TT: OR = 0.59, 95% CI, 0.41-0.85; recessive model: OR = 0.68,
95% Cl, 0.49-0.94; C vs T: OR =0.76, 95% CI, 0.63-0.91). Combined analysis
showed that the IL-33 rs7025417CT/CC-ST2 rs3821204CG/CC and the IL-33
rs7025417CT/CC-ST2 rs3821204GG genotypes also had a decreased risk of OS.
IL-33 mRNA and protein levels in OS patients were significantly higher than con-
trols. Patients with the rs7025417 CC genotype exhibited lower levels of IL-33
(P =.03). The rs7025417 C allele presented a lower transcriptional activity by
disrupting the binding site to c-Myb (P < .01). Moreover, the rs3821204 G/C
influences the transcriptional activity and ST2 mRNA expression by altering the
binding site of miR-202-3p. These findings suggest that the rs7025417 and
rs3821204 may have a combined effect to protect against the development of OS
by decreasing the expression levels of IL-33 or ST2.
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Therefore, it is vital to better understand the biological aetiology

underlying the development and progression of OS. Previous studies

Osteosarcoma (OS) is the most common primary malignant neoplasm
in bone and accounts for about 60% of all cancer-related death in
children and adolescents.}® Despite improvements of therapeutic
strategies, the overall 5-year survival rate remains 60%-70%.*7
Treatment often fails because of recurrent OS and/or metastasis,

especially pulmonary metastasis that is the major cause of death.>”

have demonstrated some risk factors for the carcinogenesis of OS
such as radiation and chemicals exposure.8’9 However, not all indi-
viduals develop OS when exposed to these risk factors, indicating
that genetic factors may be involved in the development of OS. Our
previous work showed that interleukin (IL)-12A rs568408 GA and
GA/AA genotpyes, IL-12B rs3212227 CC and AC/CC genotypes, and
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IL-16 rs11556218 TG genotype may confer the susceptibility to OS
risk.1%*! Besides these cytokines’ polymorphisms, IL-1B-31CC and -
511TT were reported to be protective factors against 0S.*?

IL-33, a member of the IL-1 family, is secreted by a wide variety
of cell types, including fibroblasts, mast cells, dendritic cells, macro-
phages, osteoblasts, endothelial cells and epithelial cells.*® Binding of
IL-33 to its receptor ST2 induces the activation of NF-kB and Th-2
pro-inflammatory cytokines, such as IL-4, IL-5 and IL-13,"**> which
play important roles in the development of 0S.1%'7 Epithelial-
derived IL-33 can promote tumorigenesis and metastasis both
in vivo and in vitro.'82° These findings implied that IL-33 may be
tumour-associated pro-inflammatory cytokine.

IL-33, located on chromosome 9p24.1 in the human genome,
contains several single nucleotide polymorphisms (SNPs) within the
full sequence. Most of them, however, are located in the intron of
IL-33 and have no function. In this study, we focused on a functional
polymorphism rs7025417 that are located in the promoter of IL-33
(—1611 bp from the transcription start site), with the different geno-
types affecting the levels of circulating IL-33.2 Because IL-33 exerts
functions via ST2, another SNP rs3821204 was selected, which was
located within the 3’ untranslated region (UTR) of ST2 mRNA. The
rs3821204 can disrupt the binding site of miR-202-3p and finally
affect plasma-soluble ST2 levels.?? To date, no study has reported
on the association of the 2 functional SNPs with OS risk. The aim of
this study was to investigate whether the 2 SNPs influenced the
susceptibility to OS in a Chinese population. Moreover, whether the
SNPs influence on IL-33 expression levels and transcriptional activi-
ties were also examined.

2 | MATERIALS AND METHODS

2.1 | Ethics, consent and permissions

The hospital-based case-control study was approved by the Review
Boards of Affiliated Hospital of Youjiang Medical College for Nation-
alities. All individuals agreed to participate in the study and provided
informed consent.

2.2 | Consent to publish

The participants signed the consent to publish the data.

2.3 | Study population

Totally, 402 OS patients and 572 controls were selected from the
Affiliated Hospital of Youjiang Medical College for Nationalities and
the West China Hospital between January 2008 and August 2016.
Detailed information of the study participants was described in our
previous study.'! Briefly, OS patients were diagnosed by histological
examination. The following information was collected: age of diagno-
sis, gender, family history of cancer, tumour location and metastasis
status. Patients who had a history of familial cancer were excluded

from this study. The healthy controls were recruited from the same

hospital with the following selection criteria: no cardiovascular dis-
eases, hypertension, diabetes mellitus and other inflammatory dis-
eases; no history of any cancer and no family history of any cancer.

All the participants in this study were unrelated Han Chinese.

2.4 | SNPs selection

It is well known that SNPs in the non-coding region of genes
contribute to the susceptibility to OS. In this study, we selected
SNPs according to the following criteria: (i) SNPs located in the
non-coding region of IL-33 or ST2; (ii) functional SNPs with
known biological mechanism based on published literatures.
Finally, 2 SNPs (ie, rs7025417 and rs3821204) were identified.
The rs7025417 in the promoter of IL-33 affects the levels of cir-
culating 1L-33 by influencing the reporter activity?’ and the
rs3821204 in the 3’ UTR of ST2 affects soluble ST2 levels by
altering the binding site of miR-202-3p.?2

2.5 | Genotyping

Fasting venous blood was obtained from peripheral vein of each par-
ticipant. After centrifugation at 1000 g for 10 minutes, plasma was
aliquoted and stored at —80°C. DNA was extracted using a TIA-
Namp Blood DNA Kit (Tiangen Inc., Beijing, China). The rs7025417
and rs3821204 were genotyped by Tagman assay (Applied Biosys-
tems, Foster City, CA, USA). The assay ID for the 2 SNPs was
C_31940410_20 and C_1226153_10 respectively. The genotyping
results were verified by Sanger sequencing and the concordant rate
was 100%.

2.6 | Real-time PCR

Total RNA was isolated from peripheral blood cells using a commer-
cial kit (Tiangen, Beijing, China). A total of 500 ng RNA was used for
the reverse transcription reaction. A real-time PCR assay was per-
formed with a SYBR Premix Ex Tag on a gradient cycler (Mastercy-
cler Gradient, Eppendorf, Germany). The sequences of
oligonucleotide primers were as follows?222: |L-33 forward: 5'-ATCC
CAACAGAAGGCCAAAG-3 and reverse: 5'- CCAAAGGCAAAGCA
CTCCAC-3'; sST2 forward: 5'-GGCACACCGTAAGACTAAGTA G-%
and reverse: 5-CAATTTAAGCAGCAGAGAAGCTCC-3'’; B-actin for-
ward: 5'- TTGCCGACAGGATGCAGAA-3' and reverse: 5'-GCCGATC
CACACGGAGTACT-3'. Relative quantification of IL-33 mRNA to
B-actin was determined using a 22t calculation. Each assay was

done in duplicate.

2.7 | Plasma IL-33 levels

Plasma IL-33 concentration was measured by an enzyme-linked
immunosorbent assay (Raybiotech, Norcross, GA, USA) according to
the manufacturer’s instructions. The minimum limit of IL-33 detec-
tion was 2 pg/mL and the maximum limit was 500 pg/mL. All experi-

ments were done in duplicate.
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2.8 | Plasmid construction, transfection and dual-
luciferase reporter gene assay

A 1956 bp promoter sequence of IL-33 containing the rs7025417 T
allele was cloned into a pGL3 basic vector (Promega, Madison, WI,
USA). After sequencing confirmation, the pGL3 vector containing the
rs7025417 T allele was used as a template to yield a vector contain-
ing the rs7025417 C allele using the QuickChange Site-Directed
Mutagenesis kit (Stratagene, La Jolla, CA, USA). The insert sequences
(rs7025417T and rs7025417C) were verified by Sanger sequencing.
Plasmid containing the ST2 rs3821204 G or rs3821204 C was con-
structed as described previously.?? Briefly, The 3'-UTR fragment of
ST2 was amplified using the following primers: 5-GTCTCTAGA
ATCCCCCACTCCCTCC-3' (forward) and 5-CAGTCTAGAATCTG
TGTTCCTGCCC-3’ (reverse). The ST2 rs3821204 G to C point muta-
tion was introduced using the primers: 5'-GTTTTTCTGGTCATAATG
AAC-3' (forward) and 5'-GTGTTCATTATGACCAGAAAAACGTATAG
AACGG-3' (reverse). After digestion, the fragment was inserted into
pGL3-control vector (Promega).

The human OS cell lines (MG-63 and Saos-2) and the human
embryonic kidney cell line 293 (HEK293) were cultured in medium
supplemented with 10% foetal bovine serum. The cells were seeded
into 24-well plates and incubated at 37°C for 24 hours. The
rs7025417T or rs7025417C plasmid (500 ng) was cotransfected
simultaneously with 50 ng of a pRL-TK vector (Promega) using Lipo-
fectamine 3000 reagent (ThermoFisher Scientific, Waltham, MA,
USA). Luciferase constructs containing ST2 3-UTR and miR-202
mimics were cotransfected into HEK293 cells. After 48 hours, cells
were lysed and firefly and renilla luciferase activity was measured

with the Dual Luciferase Reporter Assay Kit (Promega).

2.9 | Chromatin immunoprecipitation (ChIP) assay

The chromatin immunoprecipitation assay (ChlP) assay was performed
with a commercial kit from ThermoFisher Scientific (Waltham, MA,
USA) following the manufacturer’s protocol. MG-63 and Saos-2 cells
were cross-linked in 1% formaldehyde for 10 minutes; DNA was then
subjected to immunoprecipitation using antibodies against c-Myb or
non-specific rabbit 1gG (Abcam). Purified DNA was amplified by PCR
with the primers: 5-TTGTGTCTCCTTTCCCCTACA-3' (forward) and
5'-ATGCACACCAACCACTTTGA-3' (reverse). PCR product was then

analysed by Sanger sequencing.

2.10 | Statistical analysis

All statistical analyses were performed with the statistical software
package SPSS 13.0 (SPSS Inc., Chicago, IL, USA). Continuous data,
including age distribution and dual-luciferase reporter gene activities,
were compared using a Student’s t test. HWE and the genotype dis-
tributions of the rs7025417 and rs3821204 in cases and controls
were compared using chi-squared test. Odds ratios (ORs) and 95%
confidence intervals (Cls) were computed to assess the association
of the rs7025417 and rs3821204 with OS risk. Differences in

plasma IL-33 levels in patients with OS and controls were analysed
using a Mann-Whitney rank-sum test. Two-sided P values <.05 were

considered statistically significant.

3 | RESULTS

3.1 | Characteristics of the study subjects

The characteristics of controls and patients with OS are shown in
Table 1. The median age of diagnosis in controls and cases was 18.0
(12.0-61.0) and 17.0 (6.0-61.0) years. No significant difference in
age distributions was observed between controls and cases (P = .11).
The gender distributions in both controls and cases were almost sim-
ilar (P =.55). Most of the patients (71.9%) were diagnosed as
tumours of long tubular bones and 70.9% patients had tumours
without metastasis.

3.2 | Association of the IL-33/5T2 polymorphisms
with OS risk

The distributions of the IL-33 rs7025417 and ST2 rs3821204 in OS
patients and controls are shown in Table 2. The genotype frequen-
cies of the 2 SNPs were in Hardy-Weinberg equilibrium (HWE)
among cases and controls (P > .05). The rs7025417 CC genotype
was significantly associated with a decreased risk of OS (CC vs TT:
OR =0.59, 95% Cl, 0.41-0.85, P =.005; dominant model:
OR =0.72, 95% Cl, 0.55-0.94, P = .02; recessive model: OR = 0.68,
95% Cl, 0.49-0.94, P = .02). Similarly, decreased risk of OS was also
observed in allele comparison (OR =0.76, 95% Cl, 0.63-0.91,

=.003). However, no evidence of association between the
rs3821204 and OS risk was found. We then performed combined
analyses to evaluate whether the combined genotypes of the 2 SNPs
influenced the risk of OS. Compared to the rs7025417TT-rs
3821204CG/CC genotypes, the rs7025417CT/CC-rs3821204CG/CC
and the rs7025417CT/CC-rs3821204GG genotypes were associated

TABLE 1 Characteristics of controls and patients with
osteosarcoma

Patients with Controls
osteosarcoma (n = 402) (n = 572)

17.0 (6.0-61.0) 18.0 (12.0-61.0) .11

Characteristics P value

Age of diagnosis

(median, y)
Gender, n (%)
Male 239 (59.5) 351 (61.4) .55
Female 163 (40.5) 221 (38.6)
Tumour location, n (%)
Long tubular 289 (71.9)
bones
Axial skeleton 113 (28.1)
Metastasis, n (%)
Yes 117 (29.1)
No 285 (70.9)
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with a decreased risk of OS (OR=0.61, 95% CI, 0.43-0.87,
P =.006; OR = 0.62, 95% Cl, 0.43-0.90, P = .01) (Table 3).

3.3 | Association between the IL-33 rs7025417 and
IL-33 mRNA and protein levels

The relative expression of IL-33 mRNA was higher in OS patients
than controls (P < .001, Figure 1A). We then analysed the correla-
tion between the IL-33 rs7025417 and IL-33 mRNA levels. We
found that the rs7025417 CC genotype was associated with a
reduced IL-33 mRNA levels (P = .03, Figure 1B). Moreover, the med-
ian levels of plasma IL-33 in OS patients was 405.3 pg/mL, which
was higher than that in controls (206.9 pg/mL) (P = .01, Figure 2A).
As shown in Figure 2B, patients with the rs7025417 CC genotype
exhibited lower levels of IL-33 compared to those with the TT geno-
type (P = .03).

3.4 | Effect of the IL-33 rs7025417 on the
transcriptional activity

To identify whether the -1611 bp polymorphism (rs7025417) in the
promoter of IL-33 influenced the transcriptional activity, we con-
structed plasmids containing rs7025417T and rs7025417C allele and
analysed the luciferase activity. As shown in Figure 3, the
rs7025417C allele presented a lower transcriptional activity
compared to the rs7025417T allele in different cell lines, including
MG-63, Saos-2, and HEK293, with P values of .004, .002, and .005

respectively.

TABLE 2 Association between functional polymorphisms in IL-33/
ST2 and the risk of osteosarcoma

Controls, Cases,
SNPs n=572(%) n=402(%) OR(95% Cl) P value
rs7025417
T 177 (30.9) 154 (38.3) 1.00 (Ref)
cT 263 (46.0) 180 (44.8) 0.79 (0.59-1.05) .10
cc 132 (23.1) 8 (16.9) 0.59 (0.41-0.85) .005
Dominant 395 (69.1) 248 (61.7) 0.72 (0.55-0.94) .02
Recessive 440 (76.9) 334 (83.1) 0.68 (0.49-0.94) .02
T allele 617 (53.9) 488 (60.7) 1.00 (Ref)
C allele 527 (46.1) 316 (39.3) 0.76 (0.63-0.91) .003
rs3821204
GG 258 (45.1) 170 (42.3) 1.00 (Ref)
CG 240 (42.0) 175 (43.5) 1.11 (0.84-1.46) .47
cc 74 (12.9) 7 (14.2) 1.17 (0.79-1.74) .44
Dominant 314 (54.9) 232 (57.7) 1.12 (0.87-1.45) .38
Recessive 498 (87.1) 345 (85.8) 1.11 (0.77-1.61) .58
G allele 756 (66.1) 515 (64.1) 1.00 (Ref)
C allele 388 (33.9) 289 (35.9) 1.09 (0.91-1.32) .35

Cl, confidence interval;
polymorphisms.

OR, odds ratio; SNPs, single nucleotide

TABLE 3 Combined analyses of the polymorphisms in IL-33/5T2
and the risk of osteosarcoma

Controls p
SNPs (%) Cases (%) OR (95% Cl) value
rs7025417TT- 92 (16.1) 94 (23.4) 1.00 (Ref)
rs3821204CG/
CcC
rs7025417TT- 85 (14.9) 60 (14.9) 0.69 (0.45-1.07) .10
rs3821204GG
rs7025417CT/CC- 222 (38.8) 138 (34.3) 0.61(0.43-0.87) .006
rs3821204CG/
CcC
rs7025417CT/CC- 173 (30.2) 110 (27.4) 0.62 (0.43-0.90) .01
rs3821204GG

Cl, confidence interval; OR, odds ratio; SNPs,

polymorphisms.

single nucleotide

3.5 | IL-33 rs7025417 T allele-specific binding to
transcription factor c-Myb

In silico analysis was used to predict allele-specific transcription fac-
tor binding for rs7025417, and we found that rs7025417 T to C
base change might affect the binding site of c-Myb. Chip-seq was
then performed to assess the validity of allele-specific transcription
factor binding. As shown in Figure 4A, the DNA fractions were
immunoprecipitated specifically with the c-Myb antibody but not
non-specific IgG in MG-63 and Saos-2 cells. Further sequencing
analysis revealed that the region contained rs7025417 TT genotype
(Figure 4B,C).

3.6 | The rs3821204 G/C influences the
transcriptional activity and ST2 mRNA expression by
altering the binding site of miR-202-3p

Previous study showed that the rs3821204 disrupted a miR-202-3p
seeding site, resulted in an allelic difference of sST2 mRNA stability
and expression, and finally modified the susceptibility of hyperten-
sion.?? In this study, we cotransfected rs3821204 G or C plasmid
with miR-202-3p mimics (50 umol/L) or negative control into
HEK293 cells and confirmed the alteration of miR-202-3p binding
site and a significantly decreased luciferase activity of rs3821204-G
but not rs3821204-C (Figure 5A,B). Overexpression of miR-202-3p
caused a decrease of ST2 mRNA levels in Saos-2 (rs3821204 GG)
cells but not MG-63 (rs3821204 CC) cells (Figure 5C).

4 | DISCUSSION

The hospital-based case-control study showed that the rs7025417 CC
genotype in the promoter of IL-33 had a decreased risk of OS in the
Chinese population. Combined genotypes of the IL-33 rs7025417CT/
CC-ST2 rs3821204CG/CC and the IL-33 rs7025417CT/CC-ST2
rs3821204GG also had a decreased risk of OS. The results from
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osteosarcoma (OS) cell lines (MG-63 and Saos-2) and the human
embryonic kidney cell line 293 (HEK293) were transfected
simultaneously with rs7025417T or rs7025417C plasmid and pRL-
TK vector. The luciferase activity was measured using the dual
luciferase reporter assay. Data were expressed by mean =+ standard
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real-time PCR and ELISA showed for the first time that IL-33 mRNA
and protein levels in OS patients were higher than controls. Notably,
IL-33 mRNA and protein levels in patients with the rs7025417 CC
genotype were lower than those with the rs7025417 TT genotype.
The dual-luciferase reporter assay showed that the rs7025417C allele
presented a lower luciferase activity. ChIP assay revealed that the
rs7025417 T allele can specifically bind to transcription factor c-Myb.

Additionally, the rs3821204 G/C influences the transcriptional activity
and ST2 mRNA expression by altering the binding site of miR-202-3p.
These findings suggest that the rs7025417 and rs3821204 may
reduce the transcriptional activity and IL-33/ST2 expression, and even-
tually result in the decreased risk of OS.

A possible explanation for the positive results of the IL-33CC
genotype decreasing OS risk is that the rs7025417 located in the pro-
moter region of [L-33 and exerted influences on the transcriptional
activity. In this study, the dual-luciferase gene reporter assay was per-
formed and we found that the rs7025417 T to C shift decreased the
luciferase activity. These findings were in agreement with previous
results reported by Tu et al?* who found that the rs7025417 was sig-
nificantly associated with the risk of coronary artery disease by regu-
lating IL-33 gene expression. In addition to gene expression, we
postulated that the rs7025417 may influence the protein level of IL-
33. Clinical studies investigating the expression of IL-33 levels in can-
cer have yielded conflicting results. Some authors reported a highly
expressed concentration of IL-33 in serum and tumour tissues of ovar-

2425 gastric cancer,?® non-small cell lung

jan cancer,?° breast cancer,
cancer,?” colorectal cancer?® and squamous cell carcinoma of ton-
gue.?? The higher IL-33 expression predicted a worse prognosis and
progression-free survival after chemotherapy.?”??*° Downregulation
of IL-33 expression can inhibit cell growth, metastasis and prolong the
survival time.?® In contrast, some authors reported reduced IL-33

levels in patients with multiple myeloma®! and lung cancer.?> No
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report to date examined the expression levels of IL-33 in OS. In this
study, we found that IL-33 mRNA and protein levels of were signifi-
cantly increased in OS patients. Importantly, we found that IL-33
mRNA and protein levels were significantly lower in individuals with
the rs7025417CC genotype than the homozygous TT genotype.
Taken together, we may conclude that the rs7025417CC genotype
had a protect effect on OS by reducing IL-33 expression at both tran-
scriptional and protein level.

It has been demonstrated that individual SNP may interact with
each other in a biological manner if the interactions produce a more
than multiplicative effect.?%3® The IL-33/ST2 pathway can regulate
not only autoimmune and inflammatory conditions but also tumour
growth and metastasis.>4*¢ By binding to ST2, IL-33 can stimulate
the production of immature dendritic cells that induce T-regs, and
thus facilitate tumour progression and metastasis.>® Deletion of IL-

33/ST2 axis can enhance cytotoxicity of NK cells, induce the
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secretion of interferon-gamma, IL-17 and tumour necrosis factor-a,
which attenuated tumour growth.3¢ These findings suggest the
crosstalk of IL-33 and ST2 in tumorigenesis. In this study, we found
that the ORs of the combined genotypes of the 2 SNPs were lower
than those of a single one in the association with OS. Further func-
tional analysis revealed that the rs3821204 influences the transcrip-
tional activity and ST2 mRNA levels by altering the binding site of
miR-202-3p. miR-202-3p was a tumour suppressor in several cancer
types, such as gastric cancer’’ and colorectal carcinoma,®® which
may be used as a target to develop novel therapeutic approaches.
Based on the results above, a conclusion was made that the IL-33
rs7025417 and ST2 rs3821204 may affect the occurrence of OS by
interaction with each other in a biological way.

We have to acknowledge some limitations of this study. As is
well known, genetic variants may have different effect in diverse
ethnicities. In the present study, only Chinese Han was recruited,
and thus our results cannot be extended directly to other ethnic
groups until confirmation analysis was performed. In addition to
genetic factors, environmental factors are crucial in the development
and progression of OS. The study design, however, did not take
them into consideration, which prevented our further interaction
analysis of IL-33 and environmental factors with the risk of OS.

In conclusion, we found a functional polymorphism in the pro-
moter of IL-33 (rs7025417). The rs7025417 CC genotype protected
against OS tumorigenesis and reduced IL-33 expression levels by
decreasing the transcriptional activity. Our findings further supported
the key role of IL-33/5T2 pathway in OS and highlighted IL-33/ST2
as valuable targets for prevention and treatment of OS.

CONFLICT OF INTEREST

None declared.

AUTHOR CONTRIBUTION

Jun-Li Wang and Yu-Jin Tang designed and wrote the manuscript.
Jia Liu collected samples. Jun-Li Wang and Jia Liu performed experi-
ments and data acquisition. Ke-Gong Xie performed statistical analy-
sis. Chang-Gong Lan and Lu Lu prepared figures. All authors
reviewed the manuscript.

ORCID
Yu-Jin Tang http://orcid.org/0000-0003-0736-4053
REFERENCES

1. Broadhead ML, Clark JC, Myers DE, Dass CR, Choong PF. The
molecular pathogenesis of osteosarcoma: a review. Sarcoma.
2011;2011:959248.

2. Mirabello L, Troisi RJ, Savage SA. Osteosarcoma incidence and sur-
vival rates from 1973 to 2004: data from the surveillance, epidemiol-
ogy, and end results program. Cancer. 2009;115:1531-1543.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24,

25.

. Ottaviani G, Jaffe N. The epidemiology of osteosarcoma. Cancer

Treat Res. 2009;152:3-13.

. Gorlick R. Current concepts on the molecular biology of osteosar-

coma. Cancer Treat Res. 2009;152:467-478.

. Ando K, Heymann MF, Stresing V, Mori K, Redini F, Heymann D.

Current therapeutic strategies and novel approaches in osteosar-
coma. Cancers. 2013;5:591-616.

. Wittig JC, Bickels J, Priebat D, et al. Osteosarcoma: a multidisci-

plinary approach to diagnosis and treatment. Am Fam Physician.
2002;65:1123-1132.

. Marina N, Gebhardt M, Teot L, Gorlick R. Biology and therapeutic

advances for pediatric osteosarcoma. Oncologist. 2004;9:422-441.

. Burningham Z, Hashibe M, Spector L, Schiffman JD. The epidemiol-

ogy of sarcoma. Clin Sarcoma Res. 2012;2:14.

. Thiagarajan A, lyer NG. Radiation-induced sarcomas of the head and

neck. World J Clin Oncol. 2014;5:973-981.

Wang J, Nong L, Wei Y, Qin S, Zhou Y, Tang Y. Association of inter-
leukin-12 polymorphisms and serum IL-12p40 levels with osteosar-
coma risk. DNA Cell Biol. 2013;32:605-610.

Tang YJ, Wang JL, Xie KG, Lan CG. Association of interleukin 16
gene polymorphisms and plasma IL16 level with osteosarcoma risk.
Sci Rep. 2016;6:34607.

He Y, Liang X, Meng C, et al. Genetic polymorphisms of interleukin-
1 beta and osteosarcoma risk. Int Orthop. 2014;38:1671-1676.
Mirchandani AS, Salmond RJ, Liew FY. Interleukin-33 and the
function of innate lymphoid cells. Trends Immunol. 2012;33:389-
396.

Schmitz J, Owyang A, Oldham E, et al. IL-33, an interleukin-1-like
cytokine that signals via the IL-1 receptor-related protein ST2 and
induces T  helper type 2-associated cytokines. Immunity.
2005;23:479-490.

Pastorelli L, De Salvo C, Cominelli MA, Vecchi M, Pizarro TT. Novel
cytokine signaling pathways in inflammatory bowel disease: insight
into the dichotomous functions of IL-33 during chronic intestinal
inflammation. Therap Adv Gastroenterol. 2011;4:311-323.

Liao D, Zhong L, Duan T, et al. Aspirin suppresses the growth and
metastasis of osteosarcoma through the NF-kappaB pathway. Clin
Cancer Res. 2015;21:5349-5359.

Bonig H, Laws HJ, Wundes A, et al. In vivo cytokine responses to
interleukin-2 immunotherapy after autologous stem cell transplanta-
tion in children with solid tumors. Bone Marrow Transplant.
2000;26:91-96.

He Z, Chen L, Souto FO, et al. Epithelial-derived IL-33 promotes
intestinal tumorigenesis in Apc Min/+ mice. Sci Rep. 2017;7:5520.

. Zhang Y, Davis C, Shah S, et al. IL-33 promotes growth and liver

metastasis of colorectal cancer in mice by remodeling the tumor
microenvironment and inducing angiogenesis. Mol Carcinog.
2017;56:272-287.

Tong X, Barbour M, Hou K, et al. Interleukin-33 predicts poor prog-
nosis and promotes ovarian cancer cell growth and metastasis
through regulating ERK and JNK signaling pathways. Mol Oncol.
2016;10:113-125.

Tu X, Nie S, Liao Y, et al. The IL-33-ST2L pathway is associated with
coronary artery disease in a Chinese Han population. Am J Hum
Genet. 2013;93:652-660.

Wu F, Li L, Wen Q, et al. A functional variant in ST2 gene is associ-
ated with risk of hypertension via interfering MiR-202-3p. J Cell Mol
Med. 2017;21:1292-1299.

Li PP, Zhang XM, Yuan D, Liu X, Li Y, Shan NN. Decreased expres-
sion of IL-33 in immune thrombocytopenia. Int Immunopharmacol.
2015;28:420-424.

Yang ZP, Ling DY, Xie YH, et al. The association of serum IL-33 and
sST2 with breast cancer. Dis Markers. 2015;2015:516895.
Jafarzadeh A, Minaee K, Farsinejad AR, et al. Evaluation of the circu-
lating levels of IL-12 and IL-33 in patients with breast cancer:


http://orcid.org/0000-0003-0736-4053
http://orcid.org/0000-0003-0736-4053
http://orcid.org/0000-0003-0736-4053

WANG ET AL

26.

27.

28.

29.

30.

31

32.

33.

influences of the tumor stages and cytokine gene polymorphisms.
Iran J Basic Med Sci. 2015;18:1189-1198.

Sun P, Ben Q, Tu S, Dong W, Qi X, Wu Y. Serum interleukin-33 levels
in patients with gastric cancer. Dig Dis Sci. 2011;56:3596-3601.

Hu LA, Fu Y, Zhang DN, Zhang J. Serum IL-33 as a diagnostic and
prognostic marker in non-small cell lung cancer. Asian Pac J Cancer
Prev. 2013;14:2563-2566.

Liu X, Zhu L, Lu X, et al. IL-33/ST2 pathway contributes to metasta-
sis of human colorectal cancer. Biochem Biophys Res Comm.
2014;453:486-492.

Ishikawa K, Yagi-Nakanishi S, Nakanishi Y, et al. Expression of inter-
leukin-33 is correlated with poor prognosis of patients with squa-
mous cell carcinoma of the tongue. Auris Nasus Larynx.
2014;41:552-557.

Hu W, Wu C, Li X, et al. Serum IL-33 level is a predictor of progres-
sion-free survival after chemotherapy. Oncotarget. 2017;8:35116-
35123.

Musolino C, Allegra A, Profita M, et al. Reduced IL-33 plasma levels
in multiple myeloma patients are associated with more advanced
stage of disease. Br J Haematol. 2013;160:709-710.

Kim MS, Kim E, Heo JS, et al. Circulating IL-33 level is associated
with the progression of lung cancer. Lung Cancer. 2015;90:346-351.
Kabesch M, Schedel M, Carr D, et al. IL-4/IL-13 pathway genetics
strongly influence serum IgE levels and childhood asthma. J Allergy
Clin Immunol. 2006;117:269-274.

34.

35.

36.

37.

38.

WILEY-22

Jovanovic |, Radosavljevic G, Mitrovic M, etal. ST2 deletion
enhances innate and acquired immunity to murine mammary carci-
noma. Eur J Immunol. 2011;41:1902-1912.

Jovanovic IP, Pejnovic NN, Radosavljevic GD, Arsenijevic NN, Lukic
ML. IL-33/ST2 axis in innate and acquired immunity to tumors.
Oncoimmunology. 2012;1:229-231.

Milovanovic M, Volarevic V, Radosavljevic G, et al. IL-33/ST2 axis in
inflammation and immunopathology. Immunol Res. 2012;52:89-99.
Zhao Y, Li C, Wang M, et al. Decrease of miR-202-3p expression, a
novel tumor suppressor, in gastric cancer. PLoS ONE. 2013;8:
e69756.

Wang Q, Huang Z, Guo W, et al. microRNA-202-3p inhibits cell pro-
liferation by targeting ADP-ribosylation factor-like 5A in human col-
orectal carcinoma. Clin Cancer Res. 2014;20:1146-1157.

How to cite this article: Wang J-L, Liu J, Xie K-G, Lan C-G,
Lu L, Tang Y-J. Association between functional
polymorphisms in IL-33/ST2 pathway and risk of
osteosarcoma. J Cell Mol Med. 2018;22:3808-3815.
https://doi.org/10.1111/jcmmm.13653



https://doi.org/10.1111/jcmm.13653

