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A B S T R A C T

Objectives: Previous genome-wide association study showed that GLDC/IL33 loci were associated with overall
survival in patients with osteosarcoma (OS). We performed a replication study to explore whether variants of
GLDC/IL33 are associated with the survival of OS patients and to further verify their functional role in the gene
expression.
Methods: A total of 216 patients with OS were enrolled. The overall survival time was calculated from the date of
diagnosis till the date of last follow-up or mortality. Two SNPs were genotyped, including rs55933544 and
rs74438701. OS specimens were obtained from 72 patients during surgery. The gene expression level of IL33 and
GLDC was evaluated by qPCR. Patients were classified into two groups according to the 5-year overall survival
(death/survival). The chi-square test was used to analyze difference of genotype frequency. The Student t-test
was used to compare the gene expression level between different genotypes. Cumulative survival time was
calculated by the Kaplan–Meier method and analyzed by the log-rank test.
Results: Genotype TT of rs55933544 was significantly associated with the event of death (0.176 vs. 0.061,
p < 0.001). Patients with no risk allele T of rs55933544 showed a 5-year overall survival of 81.4% (110/141),
which was significantly higher than an overall survival of 55.0% (29/54) for patients with one risk allele and
44.8% (12/21) for patients with two risk alleles (p < 0.01). Genotype TT of rs55933544 were indicative of
remarkably lower expression of IL33 than genotype CC (0.00041 ± 0.00025 vs. 0.00065 ± 0.00031,
p= 0.04). Patients with low IL33 expression presented remarkably worse survival as compared with the patients
with high IL33 expression (p < .01)
Conclusions: Variant rs55933544 was associated with the survival time of OS patients. IL33 may contribute to a
poor prognosis of OS. Further investigation into the biological mechanisms by which IL33 influences the overall
survival can shed light on the improvement of clinical outcome for OS patients.

1. Introduction

Osteosarcoma (OS) is the most common malignant bone tumor that
primarily originated from primitive malignant bone mesenchymal cells
[1]. Typically, OS affects adolescents or adults aged more than 50 years,
with an estimated incidence of 0.34/100,000 per year [2]. Before the
introduction of the adjuvant chemotherapy and limb salvage surgery,
amputation was the main therapeutic choice for OS patients, which
produced a poor quality of life and lower overall survival [3,4]. Cur-
rently, wide resection combined with adjuvant chemotherapy has been
widely used to treat high-grade osteosarcoma, and the overall survival
rate has therefore been remarkably raised [5,6]. To be noted, however,

approximately 30% patients still cannot survive this malignant disease.
A better understanding of the prognostic factors of OS can benefit the
patients in terms of advanced therapeutic interventions and prolonged
survival.

Several factors have been reported to be associated with the survival
of OS patients, such as age at diagnosis, tumor histology, response to
chemotherapy, blood alkaline phosphatase levels and rural status
[7–9]. In addition to these factors, the expression level of EHD1 was
found negatively correlated with overall survival of OS patients [10].
Increased expression of lncRNA SNHG3 was reported to indicate a poor
prognosis of OS patients [11]. Recently, there is increasing interest in
whether genetic variants could be predictive of OS outcomes. Several
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variants associated with prognosis of OS were identified by candidate
genetic studies [12–15]. Liu et al. [14] reported that polymorphism of
VEGFmay be used as a genetic marker to predict the clinical outcome of
OS. Qi et al. [15] reported that the IL6 promoter polymorphism was
associated with the risk for metastasis of OS in the Chinese population.
These findings should be cautiously interpreted since there was a lack of
validation of these candidate gene studies which commonly yielded
limited statistical power.

As a powerful tool deciphering the genetic architecture of complex
disease, genome-wide association study (GWAS) was applied to unveil
genes associated with osteosarcomagenesis. Savage et al. [16] per-
formed the first GWAS in OS patients and reported two susceptible loci
of OS with genome-wide significance, including rs1906953 in GRM4 at
6p21.3 and rs7591996 in a gene desert at 2p25.2. Mirabello et al. [17]
reported that rs7034162 in NFIB was significantly associated with OS
metastasis in different populations. Recently, Koster et al. [18] suc-
cessfully identified the association between common SNPs and the
survival in OS through GWAS. For the first time, germline genetic
variants in the GLDC/IL33 locus were found associated with overall
survival in patients with OS [18]. Imputation across this region showed
that two SNPs, including rs55933544 and rs74438701, reached
genome-wide significance (p < 5.0 × 10−8) [18]. As a member of the
Interleukin family, IL33 functions as a cell endogenous alarm released
by damaged barrier cells [19]. It can recognize and interact with spe-
cific receptor ST2 which is expressed in immune cells [20]. It was re-
ported that a lack of IL33 signaling could impair the generation of a
potent antitumor immune response [21]. To date, whether IL33 is in-
volved in the osteosarcomagenesis remains poorly understood. More-
over, there was lack of study investigating the regulatory role of
rs55933544 and rs74438701 on the expression of GLDC/IL33 in OS
tissues. We therefore performed a replication study in order to explore
whether germline variants of GLDC/IL33 are associated with the sur-
vival of OS patients and to further verify their functional role in the
gene expression.

2. Methods

2.1. Subjects

A total of 216 patients with OS were enrolled in the current study,
who received surgical treatment between January 2008 and May 2018
in our clinic center. All the patients have undergone the same che-
motherapy regimen consisted of cisplatin (300 mg/m2), doxorubicin
(80 mg/m2) and methotrexate (10 g/m2). A protocol of 2 cycles before
surgery and 4 cycles after surgery was prescribed to each patient. The
diagnosis was histopathologically verified by two independent pathol-
ogists based on the tumor tissues collected by biopsy. The demographic
data were obtained from the medical record, including age, gender,
surgery type, Enneking stage, histological type, and presence of tumor
metastasis. All the patients were followed up for survival every 2
months after the completion of chemotherapy, with a median follow-up
period of 38.6 months (range, 8–70 months). The overall survival time
was calculated from the date of diagnosis till the date of last follow-up
or mortality. Under the approval of the ethics committee of Nanjing
Drum Tower Hospital, each patient has given written informed consent
to participate in the present study.

2.2. Genotyping of genetic variants

Genomic DNA was extracted from the total blood cells using a
commercial kit (Qiagen K.K., Tokyo, Japan) following standard pro-
tocol. Genotyping assays were performed on the LightCycler 480
(Roche Applied Science, Mannheim, Germany) with specific TaqMan
probes designed for rs55933544 and rs74438701 (Applied Biosystems,
Foster City, CA). Real-time PCR was performed with 4 μl of genomic
DNA resolved in 16 μl of reaction mixtures which contained 12 μl of

FastStart Universal Probe Master (ROX) mix (Roche Diagnostics,
Indianapolis, IN, USA) and 4 μl of TaqMan probes. The thermal cycling
condition was as follows, denaturation at 95 °C for 10 min, followed by
45 cycles of denaturation at 92 °C for 15 s and annealing/extension at
60 °C for 1 min.

2.3. qPCR

OS specimens were obtained from 72 patients who underwent sur-
gical interventions from June 2012 to May 2016 and stored in liquid
nitrogen for expression analysis of target genes. The total RNA was
extracted with TaKaRa MiniBEST Universal RNA Extraction Kit
(TaKaRa, Tokyo, Japan). The quantitative gene expression level was
evaluated on the LightCycler 480 (Roche Applied Science, Mannheim,
Germany) with Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
used as the internal control. The primers of the analyzed gene were as
follows, forward 5′-AAGAAACATCTCGCCCCGTT-3′, reverse 5′-GCAGT
TTCCGTGGCTTGTTT-3′ for GLDC; forward 5′-GTGACGGTGTTGATGG
TAAGAT-3′, reverse 5′-AGCTCCACAGAGTGTTCCTTG-3′ for IL33; and
5′-GAGTCAACGGATTTGGTCGT-3′, reverse 5′-TTGATTTTGGAGGGAT
CTCG-3′ for the endogenous control gene GAPDH. The amplification
procedures were composed of an initial denaturation step of 94 °C for
10 min, followed by 40 amplification cycles at 94 °C for 15 s, annealing
at 68 °C for 20 s and elongation at 72 °C for 10 s. Melting curve analyses
were performed to determine the relative mRNA expression based on
the 2−ΔΔCt method.

2.4. Immunohistochemistry

For immunohistochemistry (IHC) analysis, paraffin-embedded tis-
sues were cut into 4-µm sections and dried at 70 °C for 4 h. After de-
paraffinization and hydration, sections were washed in phosphate-
buffered saline (PBS, 3 × 3 min). Antigen retrieval was performed in
citrate buffer. After blocking endogenous peroxidase, the slides were
incubated with primary anti IL33 antibody (1:400, Abcam) overnight at
4 °C, and then incubated with secondary antibody for 30 min at room
temperature. The IHC-stained tissue sections were scored by two pa-
thologists blinded to the clinical information. The signal intensity was
scored as follows: 0 (no staining), 1 (weak staining, light yellow), 2
(moderate staining, yellow brown), and 3 (strong staining, brown). The
staining distribution was scored based on the percentage of positive
staining cells as follows: score 0, 0%; score 1, 1–30%; score 2, 31–60%;
score 3, 61–100%. The final score was equal to the staining distribution
score multiply the signal intensity score. A score of < 2 was considered
as low expression.

2.5. Statistical analysis

The prognostic factors, including age at diagnosis, gender, presence
of metastasis and genetic variants, were evaluated via multivariate Cox
proportional hazards regression analyses. Patients were further classi-
fied into two groups (death/survival) according to the 5-year overall
survival. The chi-square test was used to analyze difference of genotype
frequency between the two groups. The odds ratios (OR) and 95%
confidence interval (95% CI) were calculated with the risk allele used as
reference. In addition, the Student t-test was used to compare the gene
expression level between different genotypes. In addition, the inter-
group comparison between patients with low IL33 expression and those
with high IL33 expression was performed with the Student's t-test.
Cumulative survival time was calculated by the Kaplan–Meier method
and analyzed by the log-rank test. All the statistical analyses were
performed with the SPSS software (SPSS Inc., Chicago, IL). Statistical
significance was set at p < 0.05.
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3. Results

3.1. Demographic data of the patients

The baseline characteristics of the patients were summarized in
Table 1. There were 132 males and 84 females with a mean age of
29.6 ± 18.7 years old. 61 patients (28.2%) had tumor metastasis at the
initial visit. Fifty-two (24.1%) patients received limb salvage surgery.
At the final follow-up, there were 68 cases of death due to tumor re-
currence or metastasis. The 5-year overall survival was 68.5%.

3.2. Association of GLDC /IL33 locus with 5-year overall survival

The multivariate Cox analysis revealed that 3 factors, including
older age at diagnosis, presence of metastasis, and genotype TT of
rs55933544, were independent prognostic factors for the survival time
(Table 2). Inter-group comparison of the genotype distribution of
rs55933544 and rs74438701 were summarized in Table 3. Genotype TT
of rs55933544 was significantly associated with the event of death

(0.176 vs. 0.061, p < 0.001). As for rs74438701, no significant asso-
ciation with the 5-year survival was found. As shown in Fig. 1, patients
with no risk allele T of rs55933544 showed a 5-year overall survival of
81.4% (110/141), which was significantly higher than an overall sur-
vival of 55.0% (29/54) for patients with one risk allele and 44.8% (12/
21) for patients with two risk alleles (p < 0.01). Patients with genotype
TT of rs55933544 were found to have remarkably lower expression of
IL33 than those with genotype CC (0.00041 ± 0.00025 vs.
0.00065 ± 0.00031, p = 0.04). As for GLDC, there was no significant
difference regarding gene expression between different genotypes of
rs55933544 (0.00062 ± 0.00035 vs. 0.00071 ± 0.00026, p = 0.28).

3.3. Relationship between gene expression and 5-year overall survival

Patients with the event of death were found to have significantly
lower expression of IL33 than those without the event
(0.00039 ± 0.00023 vs. 0.00068 ± 0.00037, p < 0.001). According
to IHC analysis, 44 patients were found to have high IL33 expression
and the other 28 patients were found to have low IL33 expression. Inter-
group comparison showed that patients with low expression of IL33 had
obviously shorter survival time (Table 4). Kaplan–Meier analysis de-
monstrated that the patients with low IL33 expression presented ob-
viously worse survival as compared with the patients with high IL33
expression (p < 0.01) (Fig. 2).

4. Discussion

The overall survival of OS has been greatly improved with the ad-
vance of neoadjuvant treatment and limb-salvage surgeries. However,
many OS patients are confronted with a poor outcome although they
have been treated with current mainstay therapeutic protocol. Herein,
identification of prognostic factors can help differentiate patients who
can benefit from more aggressive therapies before surgery. In the cur-
rent study, we replicated the results of a GWAS which reported GLDC/
IL33 at 9p24.1 was associated with the overall survival of OS patients
[18]. Among previously reported signals localized to the 9p24.1 region,
rs55933544 was confirmed to be significantly associated with the sur-
vival time of OS patients [18]. In line with the finding of Koster et al.
[18], we observed that genotype TT of rs55933544 was indicative of an
increased incidence of death during the 5-year follow-up. By contrast,
we failed to replicate the association of rs74438701 with the prognosis
of OS.

To better clarify the biological basis underlying the association be-
tween rs55933544 and the clinical outcome, we investigated the tissue
expression level of GLDC and IL33. For the first time, genotype TT of
rs55933544 was found indicative of lower IL33 expression as compared
with genotype CC. As for GLDC, the expression level was comparable
between different genotypes. In previous studies, expression quantita-
tive trait locus (eQTL) analyses showed that rs55933544 was associated
with expression of IL33 in human skin and brain tissue [22,23]. Based
on public dataset, Koster et al. [18] found that allele T of rs55933544
was significantly associated with a decreased expression of IL33 in OS.
Taken together, we speculated that IL33 might be the real causative
gene contributing to the prognosis of OS.

Low expression of IL33 has been associated with poor survival in
many types of cancers [24–26]. Musolino et al. [25] analyzed the
plasma levels of IL33 in multiple myeloma patients and reported that
lower expression of IL33 was independently associated with worse
patient survival. Consistent with these studies, we confirmed that lower
expression of IL33 was associated with poor survival in patients with OS
through qPCR and IHC analysis. IL33 is an inhibitor of bone resorption
that blocks osteoclastic activity [27]. Reduced IL33 expression could
prevent an adequate Th2 response towards tumor cells and compromise
the antitumour surveillance [28]. Eissmann et al. [21] reported that
IL33 could stimulate IFNγ expression released by tumor infiltrating T
cells, while the decrease of IFNγ expression was associated with

Table 1
Baseline characteristics of the patients

Features Patients (n= 216)

Gender
Male 132 (61.1%)
female 84 (38.2%)

Age (years)
>20 95 (44.0%)
≤20 121 (56.0%)

Surgery type
Amputation 52 (24.1%)
Limb-salvage 164 (75.9%)
Enneking stages

I 18 (8.3%)
IIA 65 (30.0%)
IIB 102 (47.3%)
III 31 (14.4%)

Histologic type
Osteoblastic 123 (56.9%)
Chondroblastic 67 (31.0%)
Fibroblastic 9 (4.2%)
Mixed 17 (7.9%)

Tumor metastasis
Presence 71 (32.9%)
Absence 145 (67.1%)

Table 2
Multivariate analysis of variables associated with the 5-year overall survival

Variables Hazard ratio 95% confidential interval P

Gender 0.56
Male reference -
Female 0.87 0.72 - 1.11

Age 0.03
<30 reference -
>50 1.36 1.15 - 1.57

Metastasis 0.01
Absence reference -
Presence 2.57 1.97 - 3.36

Surgery type 0.46
Amputation Reference
Limb-salvage 1.09 0.97 - 1.18

rs55933544 <0.001
CC reference -
TC 1.67 1.32 - 2.05
TT 2.86 2.12 - 3.67

rs74438701 0.63
TT reference -
TC 1.02 0.86 - 1.21
CC 1.09 0.91 - 1.32
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aggressive colon cancer. Collectively, it appeared that IL33 signaling
could be associated with the immune response to tumorigenesis. In-
terestingly, impairment of antitumor immune response has been pre-
viously described for patients with OS [29]. Since the functional role of
IL33 in the osteosarcomagenesis remains obscure, more experiments are
warranted to unveil the underlying mechanism in the future study.

Previously reported prognostic factors were also verified in the
current study. Age at diagnosis was found remarkably associated with
the overall survival [30,31]. Comparably, Zheng et al. [31] reported
that aged more than 50 years can add to the event of death in OS pa-
tients by 2.4-fold. Berner et al. [30] reviewed a nationwide cohort
comprising 424 high-grade Norwegian OS patients and reported that
metastasis at diagnosis and aged more than 40 years were adverse
prognostic factors for overall survival. It was therefore warranted to
investigate whether IL33 is associated with the invasion capability of
OS cells in future in-vitro experiments.

Two limitations of our study should be mentioned here. As a rare

bone tumor, the sample size of OS is relatively small for a genetic as-
sociation study. More patients need to be recruited through a multi-
center study. The second limitation was that we did not perform
functional study investigating the regulatory mechanism underlying the
outcome of eQTL analyses. To summarize, the association of GLDC/IL33
locus with the survival outcome of OS patients was successfully re-
plicated in our cohorts. Moreover, we demonstrated that the expression
level of IL33 could be indicative of a poor survival outcome. Further
investigation into the biological mechanisms by which IL33 influences
the overall survival can shed light on the improvement of clinical
outcome for OS patients.

Conclusions

Variant rs55933544 was associated with the survival time of OS
patients. IL33 may contribute to a poor prognosis of OS. Further in-
vestigation into the biological mechanisms by which IL33 influences
the overall survival can shed light on the improvement of clinical
outcome for OS patients.
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Table 3
Comparison of the genotype and allele frequency between the death group and the survival group

Genotype p Allele p Odds ratio (95% CI a)

TT TC CC T C

rs55933544
Death (n= 68) 12 (17.6%) 25 (36.8%) 31 (45.6%) <0.001 49 (36.0%) 87 (64.0%) <0.001 2.98 (1.87-4.96)
Survival (n= 148) 9 (6.1%) 29 (19.6%) 110 (74.3%) 47 (15.9%) 249 (84.1%)

rs74438701
Death (n= 68) 36 (52.9%) 24 (35.3%) 8 (11.8%) 0.53 96 (70.6%) 40 (29.4%) 0.56 1.17 (0.74-1.82)
Survival (n= 148) 85 (57.5%) 48 (32.4%) 15 (10.1%) 218 (73.6%) 78 (26.4%)

Fig. 1. Association of risk allele with 5-year overall survival.
Risk allele T of rs55933544 was significantly associated with a decreased
overall survival (p < 0.01). Patients with no risk allele (genotype CC) showed a
5-year overall survival of 81.4% (110/141). By contrast, the overall survival
was 55.0% (29/54) in patients with one risk allele (genotype TC) and 44.8%
(12/21) in patients with two risk alleles (genotype TT).

Table 4
Association of IL33 expression with clinical variables

Variables Number IL33 expression P value

Low expression
(n=28)

High expression
(n= 44)

Gender 0.38
Male 43 19 (67.9%) 24 (54.5%)
Female 29 9 (32.1%) 20 (45.5%)

Age (years) 0.17
>50 29 8 (28.6%) 21 (47.7%)
<30 43 20 (71.4%) 23 (52.3%)

5-year survival
(%)

0.01

Death 25 15 (53.4%) 10 (22.7%)
Survival 47 13 (46.6%) 34 (77.3%)

Fig. 2. Association of IL33 expression with 5-year overall survival.
IHC analysis showed that 44 patients had high IL33 expression and the other 28
patients had low IL33 expression. The overall survival was 57.1% (16/28) in
patients with low IL33 expression, which was remarkably lower than that in
patients with high IL33 expression (81.8%, 36/44, p < 0.01).
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