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Abstract Type 2 interleukin-1 receptor (ILIR2) is a
member of the IL1 family. It has been reported that IL1R2
is expressed and plays important roles in several cancers.
However, its potential role in human osteosarcoma has not
been reported. In the present study, a recombinant lenti-
virus harboring short hairpin RNA against IL1R2 was
constructed and then transfected human osteosarcoma U-2
OS cells. The proliferation of infected cells was measured
by 3-(4, 5- dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetra-
zolium bromide (MTT) assay and plate colony formation
assay. Results showed that efficiency of lentivirus infection
was more than 80 %. The knockdown efficiency of IL1R2
mRNA level was up to 95 % compared with control group.
After treatment with lentiviruses containing shIL1R2
(Lv-shIL1R2), the proliferation and colony formation of
U-2 OS cells were obviously reduced (P < 0.001). Cell
cycle assay was used to investigate the mechanism of the
inhibition of proliferation of U-2 OS cells. We found that
after Lv-shIL1R?2 treatment, the percentage of cells at GO/
G1 phase decreased significantly, whereas cells at S and
G2/M phases increased markedly (P < 0.05). In conclu-
sion, shIL.1R2 indeed inhibited the proliferation of U-2 OS
cells which might be associated with the blockage of S and
G2/M phases. The results suggested that IL1R2 could have
oncogenic potential and shIL1R2 might represent a new
and effective therapeutic treatment for osteosarcoma
patients.
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Introduction

Osteosarcoma is the most common primary malignant bone
tumor and represents over 56 % of all bone tumors [1, 2].
The estimated incidence worldwide is approximately one
to four cases per million people per year [2, 3]. It has a
bimodal age distribution, with a primary peak during
adolescence and a smaller, secondary peak in the elderly
[1-4]. Among patients under 21 years of age, osteosarcoma
accounts for approximately 60 % of bone tumors [5], while
patients older than 60 years constitute about 10 % of the
patient population [1]. Osteosarcoma occurs in the long
bones of the limbs, near the metaphyseal region. Common
sites include the femur, the tibia and the humerus, and less
commonly the skull, the jaw or the pelvis [1, 3]. The
mainstay treatments include surgery and chemotherapy [2,
3, 6, 7]. With the combination of neoadjuvant chemother-
apy and radical tumor resection [8], the 5-year overall
survival rate is >70 % and the 5-year event-free survival
rate is up to 70 % for patients with localized disease [1-3,
6-11]. However, survival for patients with metastatic or
relapsed osteosarcoma has remained virtually unchanged
over the past 30 years, with an overall 5-year survival rate
of about 20 % [3, 9]. To further improve prognosis for
osteosarcoma patients, new treatments are urgently needed

Interleukin-1 receptor type 2 (IL1R2) is a member of the
IL1 family, which was first characterized by McMahon
et al. [12-14] in 1991. In humans, IL1R2 is located on the
long arm of chromosome 2 at band 2q12. IL1R2 is natively
found on neutrophils, B-cells, monocytes and macro-
phages. As a decoy receptor, ILIR2 is natural inhibitor of
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IL1 and plays important roles in inflammation and immune
regulation. Notably, several studies have shown IL1R2
expression in various cancers such as prostate cancer [15-
17], ovarian cancer [18-20], breast cancer [21, 22],
Hodgkin lymphoma [23], lung cancer [24], hepatocellular
carcinoma [25], pancreatic cancer [26], colon carcinoma
[27] and adrenocortical cancer [28, 29]. These studies
suggested that IL1R2 might be involved in tumorigenesis
and progression of the above cancers. As far as we know,
there has been no study concerning the possible roles of
IL1R2 in human osteosarcoma. Therefore, the objective of
this study was to investigate the possible function of IL1R2
in human osteosarcoma U-2 OS cells.

Materials and methods
Cell culture

Human embryonic kidney 293T (HEK293T) cell line and
the osteosarcoma cell line (U-2 OS) were purchased from
Cell Bank of Chinese Academy of Science (Shanghai,
China). Cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Hyclone, Shanghai Bioleaf Biotech Co.,
Ltd, China) supplemented with 10 % fetal bovine serum
(Bioind, Shanghai XP Biomed Ltd., China), 100 U/ml
penicillin and 100 mg/ml streptomycin (Hyclone, Shanghai
Bioleaf Biotech Co., Ltd, China) under standard cell culture
conditions at 37 °C in a 5 % CO2-humidified atmosphere.

Construction of recombinant lentivirus and IL1R2
silencing

The small interfering RNA (siRNA) sequence for IL1IR2
(5'-GACCATTCCTGTGATCATTTCCTCGAGGAAATG
ATCACAGGAATGGTC-3') was selected after screening
to validate potential siRNAs. Non-silencing siRNA (5'-G
CGGAGGGTTTGAAAGAATATCTCGAGATATTCTTT
CAAACCCTCCGCTTTTTT-3') was used as control.
ShRNAs for IL1R2 and control RNA, corresponding to the
above siRNA sequences, were then generated, respectively.
They were synthesized and inserted downstream of the U6
promoter in the lentiviral vector pFH-L (Hollybio Co.,
Ltd., Shanghai, China). Lentiviruses were generated by
triple transfection of 80 % confluent HEK293T cells with
modified pFH-L plasmid (shRNA vector), pVSVG-I and
pCMVARS.92 pHelper plasmids (Hollybio Co., Ltd.,
Shanghai, China) using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). Lentiviruses were harvested in
serum-free medium after 3 days, filtered and concentrated
in primed Centricon Plus-20 filter devices (Millipore,
Billerica, MA, USA).
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Lentivirus infection

To assess the effect of ILIR2 on human osteosarcoma U-2
OS cells, lentiviruses containing shIL1R2 (Lv-shIL1R2)
were added at multiplicity of infection (MOI) of 20 to 6-well
plates whose initial cell inoculation density was 3 x 10*
cells/well, and then, they were blended gently and incubated
for 8 h. Subsequently, fresh medium was added to cell
plates. After further 72-h incubation, cell images were
recorded under a fluorescence microscope (Olympus Co.,
Ltd., Shanghai, China) to count the lentivirus infection.

RNA extraction and quantitative real-time PCR
(qQRT-PCR)

Total RNA was extracted from infected U-2 OS cells at the
5th day of culture using Trizol reagent (Invitrogen, Carls-
bad, CA) according to the manufacturer’s instructions. The
concentration and purity of RNA were measured spectro-
photometrically at 260 and 280 nm on a microplate reader
[Bio-Rad Laboratories (Shanghai) Co., Ltd., China],
whereas RNA integrity was assessed by agarose gel elec-
trophoresis. Only the samples with the OD A260/A280
ratio close to value of 2.0, which indicates that the RNA is
pure, were subsequently analyzed [30].

Two g of total RNA was used to synthesize cDNA using
M-MLV reverse transcriptase (Promega, USA). Quantitative
real-time PCR was performed on a Bio-Rad Connect Real-
Time PCR platform [Bio-Rad Laboratories (Shanghai) Co.,
Ltd., China] with iQSYBR Green Supermix [Bio-Rad Labo-
ratories (Shanghai) Co., Ltd., China]. B-actin was used as the
input reference. The following primers were used: IL1R2: 5'-
CCAGGAGAAGAAGAGACACGGATG-3' as forward and
5'-GTATGAGATGAACGGCAGGAAAGC-3' as reverse; -
actin: 5-GTGGACATCCGCAAAGAC-3' as forward and 5'-
AAAGGGTGTAACGCAACTA-3' as reverse. The amplifi-
cation steps were as follows: initial denaturation at 95 °C for
1 min, followed by 40 cycles consisting of denaturation at
95 °C for 5s and annealing extension at 60 °C for 20 s.
Absorbance value was read at the extension stage. The
expression levels of IL1IR2 were calculated utilizing the p-AAc
method [31].

Cell viability analysis and colony formation assay

The effect of shIL1R2 on U-2 OS cells was assessed by
using MTT assay as described by Mosmann [32]. U-2 OS
cells from different groups were seeded at an initial density
of 1 x 10* cells/ml per well into 96-well plates. After 24-h
incubation, MTT solution was added into each well at a
final concentration of 5 mg/ml. After further 4-h incuba-
tion, the medium was removed, and dimethylsulfoxide
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(DMSO) was then added to dissolve the formazan crystals.
Each sample was measured with a microplate reader [Bio-
Rad Laboratories (Shanghai) Co., Ltd., China] at a wave-
length of 595 nm. Viability of cells was expressed relative
to theoretical absorbance (A).

To assay colony formation, infected cells were planted at
an initial density of 500 cells/well in 6-well plates. Clone
growth was observed every day under a microscope (Olympus
Co., Ltd., Shanghai, China). The interval of medium change
was 2 days. After 9-day incubation, cells were fixed with
methanol and stained with Giemsa. The number and size of
colonies in each group were recorded and counted.

Cell cycle analysis by flow cytometry

The mechanism of shILIR2 on U-2 OS cells was investi-
gated by using cell cycle analysis. U-2 OS cells from dif-
ferent groups were seeded at an initial density of 8 x 10*
cells/dish into Petri dishes (6 cm in diameter). After about
40-h incubation, the medium was removed, cells were
washed by phosphate-buffered saline (PBS) to prepare
single cell suspension, and then the single cell suspension
was fixed with 75 % pre-cooling ethanol at 4 °C for 24 h.
Subsequently, the cells were centrifuged and resuspended
with PBS. After centrifugation again, supernate was
removed and fresh solution of Prodium Iodide (PI solution,
containing PI and RNase A) was added to residual sedi-
ments to suspend cells. After 1-h incubation at 37 °C, the
above prepared samples were transferred to ice or stored at
4 °C in the dark. Finally, the samples were tested on a flow
cytometer according to the manufacturer’s guidelines, and
the percentage of cells at GO/G1, S and G2/M phases of the
cell cycle were determined using Modfit LT 3.0 analytical
software (Becton—Dickinson, San Jose, CA, USA).

Statistical analysis

Data were expressed mean + standard deviations (SD). All
statistical analyses were performed using SPSS 13.0 (SPSS,
Inc., Chicago, IL, USA) statistic software. The differences
between groups were compared using Student’s ¢ test. P < 0.05
was considered to indicate a significantly statistical difference.

Results

Lentivirus infection and knockdown efficiency
of IL1IR2 mRNA level

In this study, we successfully constructed Lv-shIL1R2. To
assess IL1R2 function in osteosarcoma cells, ShRNA tar-

geting IL1R2 was designed and inserted into recombinant
lentivirus plasmid. Efficiency of lentivirus infection was
approximately 80 % as evidenced by GFP expres-
sion 3 days after infection (Fig. 1a). IL1R2 mRNA
expression was then measured with qRT-PCR. The
knockdown efficiency of ILIR2 mRNA level was up to
95 %. There was significantly statistical difference in the
express of IL1IR2 mRNA level between control group (cells
infected Lv-Control-shRNA) and Lv-shIL1R2 group (cells
infected Lv-shIL1R2) (P < 0.001, Fig. 1b).

IL1R2 knockdown inhibited osteosarcoma cells
proliferation in vitro

To elucidate the function of IL1R2 in osteosarcoma pro-
liferation, human osteosarcoma U-2 OS cells were infected
with Lv-Control-shRNA and Lv-shIL1R2, respectively.
The proliferation of infected cells was first examined
by MTT assay. The growth curves for cells infected with
Lv-shIL1R2 were markedly lower than those for control
cells (cells infected with Lv-Control-shRNA) at the 4th day
of culture (P < 0.001, Fig. 2a). Furthermore, colony for-
mation assay in monolayer culture showed that the number
and size of surviving colonies of cells after treatment with
Lv-shIL1R2 were obviously reduced compared with the
control group, suggesting that Lv-shIL1R2 could result in
inhibition of colony formation of U-2 OS cells (P < 0.001,
Fig. 2b, ¢).

The suppression of proliferation in U-2 OS cells
resulted from blocked cell cycle progression

To determine how IL1R2 knockdown inhibited osteosar-
coma cells proliferation, we used cell cycle analysis to
examine the change of cell cycle distribution of U-2 OS
cells after Lv-shIL1R2 treatment. Cell cycle distributions
of control group and Lv-shILIR2 group are shown in
Fig. 3a. As summarized in Fig. 3b, the percentage of GO/
G1 phase cells was 43 % in control group, while that was
35 % in Lv-shIL1R2 group. The percentage of cells at
S and G2/M phases was 42 and 15 %, respectively, in
control group, while that in Lv-shILIR2 group was 46
and 19 %, respectively. Therefore, after treatment with
Lv-shIL1R2, the percentage of cells at GO/G1 phase
decreased significantly (P < 0.001), while that of cells at
S and G2/M phases increased markedly (P < 0.05,
P < 0.01, respectively). These results suggested that the
inhibition of osteosarcoma cells proliferation by Lv-
shIL1R2 might be associated with the above change of
cell cycle distribution.
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Discussion

Several studies have found that IL1R2 was expressed in
various cancers and might be involved in tumorigenesis
and tumor development [12-29]. Ricote et al. [15] found
that only the periphery of epithelial cells expressed IL1R2
in prostate carcinoma (PC) samples. The percentage of
IL1R2- positive samples was similar in PC samples with
low and high Gleason grades. They deduced that IL1R2
expression in PC might be related to the ability of this
receptor as a natural inhibitor of IL1 function, and this
expression might be an effort to counteract IL1 function.
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Ma et al. [23] reported that IL1R2 protein level was sig-
nificantly elevated in Hodgkin lymphoma (HL) and con-
cluded that IL1R2 secreted by Hodgkin and Reed-
Sternberg (HRS) cells was capable of capturing IL1o or
IL1B expressed on HRS cells and reactive cells, thus pre-
venting their interaction with the functional receptor IL1R1
and blocking effective IL1 signaling on HRS cells and/or
reactive cells. Significant overexpression of IL1R2 was
found in adrenocortical cancer (ACC) in one microarray
study [28], while the expression of IL1R2 was downregu-
lated in ACC after treatment with 9-cis retinoic acid which
had the potential antitumoral effects [29]. ILIR2 might be
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Fig. 3 Effects of IL1R2 siRNA on the cell cycle of U-2 OS cells.
a Cell cycle distribution of each group by flow cytometer. b Statistical
analysis of cell cycle distribution of each group. The data are shown
means with SD (error bars); *P < 0.05, **P < 0.01, ***P < 0.001,
significant vs. control group; shCon: cells infected with Lv-Control-
ShRNA, shIL1R2: cells infected with Lv-shIL1R2

involved in ACC development through immune response
[29].

Pantschenko et al. [21] showed IL1R2 expression in
human breast cancer and concluded that activation of the
IL1/ILIR cytokine family via autocrine and/or paracrine
mechanisms leaded to a cascade of secondary protumori-
genic cytokines. These secondary signals induced the
expression of numerous protumorigenic activities and
subsequently contributed to angiogenesis, tumor prolifer-
ation and tumor invasion. Jung et al. [22] found that IL1R2
was upregulated in mice breast cancer tissues, but down-
regulated in lymph nodes during tumor growth and sug-
gested that different regulation of the expression of
cytokines and cytokine-related genes resulted in a benefi-
cial effect for tumor progression. Riickert et al. [26] vali-
dated for the first time an upregulation of IL1R2 in
pancreatic cancer by means of qRT-PCR and deduced that
IL1R2 might protect pancreatic cancers from apoptosis
induced by the immune response. Laios et al. [19] believed
that IL1R2 upregulation might play an important role in
tumor angiogenesis in the recurrence of ovarian carcino-
mas and targeting IL1R2 may be an appropriate therapeutic
strategy for inhibiting tumor angiogenesis. Su et al. [33]

found that ILIR2 was constitutively overexpressed in an
immortalized human uroepithelial cell line (HUC-1) which
was chronically exposed to low doses of inorganic arsenite
and its trivalent methylated metabolites in culture. Their
research group [34] subsequently found that ILIR2 over-
expression resulted in changes in cell morphology, actin
rearrangement and promoted cell migration and suggested
that IL1R2 overexpression was likely through activation of
the pIL-lo pathway to enhance cell migration. These
results showed the oncogenic potential of IL1R2 which was
further corroborated by Leshem et al. [16] in a xenograft
mouse model of human prostate cancer.

Considering to the above studies, we can summarize that
IL1R2, as a decoy receptor of IL1, may be involved in
tumorigenesis and tumor development through inflamma-
tion and/or immune regulation. But even more important,
IL1R2 may have the oncogenic potential and be useful in
tumor proliferation, angiogenesis and tumor invasion.

In this study, we constructed Lv-shIL1R2 and used these
special lentiviruses to infect human osteosarcoma U-2 OS
cells. We found that shIL1R2 could obviously inhibit the
proliferation and colony formation of U-2 OS cells. And
after treatment with Lv-shIL1R2, cells at GO/Gl phase
decreased significantly, whereas cells at S and G2/M phases
increased markedly. The similar change of cell cycle dis-
tribution was also reported in the previous published liter-
ature. Seo et al. [35] found S-G2/M phase cell cycle
accumulation in canine osteosarcoma cell lines with fluo-
roquinolone antibiotics and suggested that fluoroquinolone-
mediated inhibition of canine osteosarcoma cell lines might
be related to S-G2/M cell cycle arrest. Tsui et al. [36]
reported that A549 cells (a non-small cell lung carcinoma
cell line) at GO/G1 phase was reduced with concomitant
increases in both S and G2/M phases following flavonoid
treatment and suggested that the inhibition of A549 cells
growth with flavonoids could be attributed to the cell cycle
arrest at S and G2/M phases. Therefore, we believed that the
inhibition of proliferation and colony formation of U-2 OS
cells with Lv-shIL1R2 treatment should be associated with
the change of cell cycle distribution in the present study.

In conclusion, this study demonstrates for the first time
that IL1R2 silencing inhibits the proliferation and colony
formation of human osteosarcoma U-2 OS cells, and these
should be associated with the blockage of S and G2/M
phases. These results suggest that IL1R2 maybe have
oncogenic potential and provide a new perspective for the
treatment of osteosarcoma. Further studies are needed to
investigate the possible molecular mechanisms of IL1R2 in
osteosarcoma and illustrate whether shIL1R2 may be used
as a potential therapeutic treatment for osteosarcoma
patients.
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