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�� ONcOlOgy

Anti- tumour effect of tocilizumab for 
osteosarcoma cell lines

Aims
Tocilizumab, an interleukin-6 (IL-6) receptor (IL- 6R) targeting antibody, enhances the anti- 
tumour effect of conventional chemotherapy in preclinical models of cancer. We investigated 
the anti- tumour effect of tocilizumab in osteosarcoma (OS) cell lines.

Methods
We used the 143B, HOS, and Saos-2 human OS cell lines. We first analyzed the IL-6 gene expres-
sion and IL- 6Rα protein expression in OS cells using reverse transcription real time quantitative- 
polymerase chain reaction (RT- qPCR) analysis and western blotting, respectively. We also as-
sessed the effect of tocilizumab on OS cells using proliferation and invasion assay.

Results
The OS cell lines 143B, HOS, and Saos-2 expressed IL- 6R. Recombinant human IL-6 treatment 
increased proliferation of 143B and HOS cells. Tocilizumab treatment decreased proliferation 
and invasion of 143B, HOS, and Saos-2.

conclusion
In conclusion, we confirmed the production of IL-6 and the expression of IL- 6R in OS cells and 
demonstrated that tocilizumab inhibits proliferation and invasion in OS cells.
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Article focus
�� To investigate interleukin-6 (IL-6) 

production and IL-6 receptor (IL- 6R) 
expression in osteosarcoma (OS) cells.
�� To assess the effect of IL- 6R- targeting 

antibody on OS cells.

Key messages
�� The OS cell lines 143B, HOS, and Saos-2 

express IL- 6Rα.
�� Recombinant human IL-6 treatment 

increases proliferation of 143B, HOS, 
and Saos-2 cells.
�� Tocilizumab treatment decreases prolif-

eration and invasion of 143B, HOS, and 
Saos-2 cells.

Strengths and limitations
�� The study highlights the potential of 

using tocilizumab in combination with 
other therapeutic agents.
�� Only in vitro analysis was performed; 

further in vivo research is warranted 

to confirm the applicability in clinical 
settings.

Introduction
Osteosarcoma (OS) is the most common 
primary malignant bone tumour in children 
and adolescents.1 The overall survival of 
non- metastatic OS has improved consider-
ably since 1980, owing to the development 
of chemotherapy and surgical techniques;2 
however, the five- year survival rate remains 
at 60% to 80%.3 The treatment regimen of 
doxorubicin, cisplatin, methotrexate, and 
ifosfamide has not changed over the last two 
decades, thereby necessitating the devel-
opment of new therapeutic strategies for 
improvement of survival in patients with 
OS.4

The cytokine interleukin-6 (IL-6) shows 
pleiotropic effects on various cell types in the 
tumour microenvironment and regulates the 
expression of signal transducer and activator 
of transcription 3 (STAT3), a pro- oncogenic 
transcription factor.5 IL-6 is produced in 
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Fig. 1

Reverse transcription real time quantitative- polymerase chain reaction (RT- 
qPCR) analysis showing interleukin-6 (IL-6) gene expression in 143B, HOS, 
and Saos-2 cells. Y- axis indicates the relative ratio of messenger RNA (mRNA). 
GAPDH, glyceraldehyde 3- phosphate dehydrogenase.

Fig. 2

Representative western blot images showing expression of interleukin-6 
receptor- alpha (IL- 6Rα) in 143B, HOS, and Saos-2 cells.

several cells, including fibroblasts, endothelial cells, 
macrophages, and cancer cells or tissues.6,7 Recently, 
several studies reported the association of high IL-6 levels 
with poor prognosis in patients with cancers such as in 
pancreatic cancer, breast cancer, colorectal cancer, small 
cell lung cancer, renal cell carcinoma, and soft tissue 
sarcoma.8-14 Moreover, serum IL-6 levels affected disease- 
free survival in patients with bone sarcoma.15 Tocili-
zumab (Chugai Pharmaceutical Co, Tokyo, Japan), an IL-6 
receptor (IL- 6R) targeting antibody, enhanced the anti- 
tumour effect of conventional chemotherapy in preclin-
ical models of mucoepidermoid carcinoma.16 However, 
the effect of IL- 6R- targeting antibody on OS has not yet 
been reported. Therefore, in this study, we investigated 
the anti- tumour effect of tocilizumab in OS cell lines. 
The study highlights the potential of using tocilizumab 
in combination with other therapeutic agents. Further in 
vivo research is warranted to confirm the applicability in 
clinical settings.

Methods
Osteosarcoma cell lines. We used the 143B, HOS, and 
Saos-2 human OS cell lines in this study; 143B and HOS 
were cultured in minimum essential medium (MEM; 
Gibco, Carlsbad, California, USA) containing 10% fetal 
bovine serum (FBS). Saos-2 was cultured in McCoy’s 5A 
(modified) medium (Gibco) containing 15% FBS. Cells 
were maintained as attached monolayers and incubated 
in a humidified atmosphere with 5% CO₂ at 37°C.
Reverse transcription real time quantitative-polymerase 
chain reaction analysis. Total RNA was isolated from the 
OS cell lines using the mirVANA Isolation Kit (Thermo 
Fisher Scientific, Waltham, Massachusetts, USA) and re-
verse transcribed using random primers and the First 
Strand cDNA Synthesis Kit (Roche, Basel, Switzerland) for 

reverse transcription real time quantitative- polymerase 
chain reaction analysis (RT- qPCR). Real- time PCR for 
IL-6 expression was performed using the TaqMan 
Gene Expression Assays (Thermo Fisher Scientific) and 
ABI PRISM 7000 Sequence Detection System (Applied 
Biosystems, Waltham, Massachusetts, USA). VIC- labelled 
glyceraldehyde 3- phosphate dehydrogenase (GAPDH) 
was used as the endogenous control.
Western blot analysis. The 143B, HOS, and Saos-2 cells 
were treated with 0 ng/ml, 10 ng/ml, or 100 ng/ml of re-
combinant human IL-6 (PeproTech, Rocky Hill, New Jersey, 
USA) for 24 hours, and lysed using radioimmunoprecipi-
tation (RIPA) buffer (Millipore, Temecula, California, USA) 
supplemented with a protease inhibitor cocktail, 0.5 mM 
phenylmethylsulfonyl fluoride, and 0.2 mM Na3VO4. The 
143B, HOS, and Saos-2 cells were treated with 100 ng/
ml of recombinant human IL-6 for two hours, followed 
by 0 µg/ml, 10 µg/ml, or 100 µg/ml tocilizumab for 24 
hours and lysed using RIPA buffer supplemented with 
a protease inhibitor cocktail, 0.5 mM phenylmethylsul-
fonyl fluoride, and 0.2 mM Na3VO4. Proteins were sep-
arated by sodium dodecyl sulphate- polyacrylamide gel 
electrophoresis (SDS- PAGE), and the samples were ad-
justed to the same protein concentration before loading. 
Proteins were transferred to a nitrocellulose membrane 
and blotted using the following antibodies (at the dilu-
tions recommended by the manufacturer): IL- 6Rα (1:200 
dilution; Santa Cruz Biotechnology, Dallas, Texas, USA), 
STAT3 (1:2000; Cell Signalling Technology, Beverly, 
Massachusetts, USA), and phospho- STAT3 (1:2000; Cell 
Signalling Technology). β-actin was assayed as the load-
ing control.
cell proliferation assay. The 143B, HOS, and Saos-2 cells 
were seeded (1 × 104 cells per well) in 96- well plates in 
100 µl medium and treated with 10 ng/ml recombinant 
human IL-6 (using 10 µl recombinant human IL-6 solu-
tion) and 0, 10, 100, or 200 µg/ml tocilizumab for 24 
hours. Cell viability was measured using the Cell- Titer 
96 Aqueous One Solution Cell Proliferation Assay Kit 
(Promega, Madison, Wisconsin, USA). The IL- 6R–target-
ing antibody tocilizumab was kindly donated by Chugai 
Pharmaceutical Co. (Tokyo, Japan).
cell invasion assay. Cell invasion assays were performed 
using the Corning BioCoat Matrigel Invasion Chambers 
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Fig. 3

Representative western blot images showing effect of interleukin-6 (IL-6) on phosphorylation of signal transducer and activator of transcription 3 (STAT3) in 
143B, HOS, and Saos-2 cells. p- STAT3, phospho- STAT3.

(Corning, New York, USA). The 143B, HOS, and Saos-2 
cells were seeded (3 × 104 cells/well) in the upper cham-
ber, and serum- free medium containing IL-6 (10 ng/ml) 
with or without tocilizumab (100 µg/ml) was added to 
the lower chamber. After 24 hours of incubation, non- 
migrating cells were removed from the upper chamber 
using a cotton swab, and the cells on the lower surface 
of the insert were stained with haematoxylin and eosin. 
Invading cells were recorded and counted using Olympus 
cellSens ver.1.18 software (Olympus, Tokyo, Japan) and 
a BX50 microscope (Olympus) equipped with the DP74 
camera (Olympus).
Statistical analysis. All in vitro experiments were repeat-
ed at least three times to ensure reproducibility. Data are 
expressed as means ± SD (Figures 1 and 2). Differences 
between two groups were compared using the Mann- 
Whitney non- parametric analysis of variance test. A 
p- value < 0.05 was considered to indicate statistical 
significance.

Results
Effect of recombinant human Il-6 on OS cell lines. We first 
analyzed the IL-6 gene expression and IL- 6Rα protein ex-
pression in the HOS, 143B, and Saos-2 cells using RT qPCR 
analysis and western blotting, respectively. The three OS 
cell lines showed different levels of IL-6 messenger RNA 
(mRNA) (Figure 1) and IL- 6Rα (Figure 2). Next, to deter-
mine the involvement of the Janus kinase (JAK)- signal 
transducer and activator of transcription (STAT) pathway 
in IL-6 production, we treated the cells with recombinant 
human IL-6. STAT3 is constitutively activated via tyrosine 
phosphorylation in many human cancers. Therefore, we 
assayed STAT3 and phospho- STAT3 levels in HOS, 143B, 
and Saos-2 cells treated with different concentrations of 
recombinant human IL-6 using western blotting. All three 
cell lines expressed high levels of STAT3 and showed a 
dose- dependent increase in phospho- STAT3 levels 
(Figure 3). We next assessed the effect of different con-
centrations of recombinant human IL-6 on cell viability. 
Treatment with 100 ng/ml and 10 ng/ml recombinant 

human IL-6 significantly increased the proliferation rates 
of HOS and 143B cells, respectively (p < 0.05, Mann- 
Whitney U test; Figure 4).
Effect of Il-6R–targeting antibody on OS cell lines. We next 
assessed the effect of different concentrations of tocili-
zumab, the IL- 6R–targeting antibody, on the proliferation 
and invasion of HOS, 143B, and Saos-2 cells. Tocilizumab 
decreased cell viability in all three cell lines (Figure 5). For 
both HOS and Saos-2 cells, 100 µg/ml and 200 µg/ml to-
cilizumab significantly inhibited cell proliferation. In 143B 
cells, tocilizumab significantly decreased cell viability in 
a dose- dependent manner (Figure  5). We assayed the 
effect of tocilizumab to the STAT3 and phospho- STAT3 
levels in OS cell lines under treatment with recombinant 
human IL-6 using western blotting. HOS and 143B cells 
expressed dose- dependent decrease in phospho- STAT3 
levels, although there was no relationship between the 
expression of phospho- STAT3 and administration of to-
cilizumab (Figure 6). Cell invasion assays showed that the 
number of cells invading through the membrane was sig-
nificantly lower for tocilizumab- treated cells, compared 
to that in the respective controls for all three OS cell lines 
(p < 0.001, Mann- Whitney U test; Figures 7 and 8).

Discussion
In the present study, we confirmed the expression of 
IL- 6R in three OS cell lines. We also demonstrated that 
IL-6 promoted proliferation whereas tocilizumab, the 
IL- 6R- targeting antibody, suppressed proliferation in 
OS cells. IL-6 plays an important role in the neoplastic 
process by affecting tumour cell adhesion, motility, 
proliferation, tumour- specific antigen expression, and 
thrombopoiesis.17 It regulates the crosstalk between 
tumour cells, inflammatory cells, and vascular endo-
thelial cells and enhances the survival and plasticity of 
tumour stem cells.18,19 These findings provided the ratio-
nale for clinical trials investigating the efficacy of targeted 
IL-6 inhibitors in different cancers; these trials showed 
promising results.20,21 High IL-6 production and IL-6–
mediated autocrine proliferation were reported in renal 
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Fig. 4

Effect of treatment with recombinant human interleukin-6 (IL-6) on proliferation of 143B, HOS, and Saos-2 cells. *p < 0.05, Mann- Whitney U test.

Fig. 5

Effect of tocilizumab treatment on proliferation of 143B, HOS, and Saos-2 cells.

Fig. 6

Representative western blot images showing effect of tocilizumab (TCZ) treatment on phosphorylation of signal transducer and activator of transcription 3 
(STAT3) in 143B, HOS, and Saos-2 cells with recombinant human interleukin-6 (IL-6). p- STAT3, phospho- STAT3.

cell carcinoma cell lines.22 Moreover, significant elevation 
of IL-6 expression in colorectal cancer tissues was associ-
ated with tumour invasion depth.23 In the present study, 
we confirmed the production of IL-6 in 143B, HOS, and 
Saos-2 OS cell lines using RT- qPCR analysis.

We showed that IL-6 promoted STAT3 phosphorylation 
in the 143B, HOS, and Saos-2 OS cell lines. Binding of IL-6 
to IL- 6R induces the homodimerization of the glycopro-
tein 130 (gp130), an IL-6 transducer, leading to phosphor-
ylation of JAK1, which then induces the phosphorylation 
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Fig. 7

Upper row shows the effect of tocilizumab (TCZ) treatment on invasion of 143B, HOS, and Saos-2 cells. Lower row shows the invasion of 143B, HOS, and 
Saos-2 cells without TCZ treatment.

Fig. 8

Effect of tocilizumab (TCZ) treatment on invasion of 143B, HOS, and Saos-2 cells. *p < 0.001, Mann- Whitney U test.

and subsequent nuclear translocation of STAT3. STAT3 is 
a critical mediator of oncogenic signalling and is activated 
in many human cancers.24,25 Furthermore, activation of 
STAT3 signalling induces the expression of certain anti- 
apoptotic genes and several genes involved in promoting 
cell proliferation and tumour growth.26

Tocilizumab is a fully humanized monoclonal anti-
body against IL- 6R and has been approved for treat-
ment of patients with rheumatoid arthritis.27 In Japan, 
tocilizumab has also been approved for the treatment 
of polyarticular- course juvenile idiopathic arthritis, 
systemic- onset juvenile idiopathic arthritis, and Castle-
man’s disease.28 Currently, its anti- inflammatory effect 
and potency as an anti- tumour agent are being widely 
investigated, as this drug was initially investigated in 
the field of oncology. Several studies have reported that 
IL-6 represents a potential therapeutic target for several 
tumours, including sarcomas. IL- 6R- targeting antibody 
inhibited IL-6 signalling, suppressed tumour angiogenesis 
and growth, reduced spheroid formation, and inhibited 

cell cycle progression in colon cancer cell lines.29,30 IL- 6R- 
targeting antibody also decreased tumour progression in 
ovarian cancer cell lines.31 Consistent with these findings, 
the present study showed that tocilizumab treatment 
inhibited cell proliferation and invasion in OS cells. Our 
study also showed that tocilizumab decreased phospho- 
STAT3 levels in HOS and 143B cells. These findings indi-
cate that tocilizumab may suppress tumour progression 
via the STAT3 pathway. However, phospho- STAT3 levels 
were not decreased by the administration of tocilizumab 
in Saos-2 cells. The present result may suggest that 
further study should be performed using HOS or 143B.

Recently, a phase I trial conducted in the Nether-
lands, involving carboplatin/doxorubicin treatment in 
combination with tocilizumab for patients with recur-
rent epithelial ovarian cancer, showed the possibility of 
providing a survival benefit.32 Similarly, a combination 
therapy of paclitaxel and tocilizumab was suggested 
to benefit patients with mucoepidermoid carcinoma.16 
Thus, combining tocilizumab with chemotherapeutic 
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agents might enhance the anti- tumour effect in patients 
with OS. In conclusion, we confirmed the presence of 
JAK- STAT pathway- mediated production of IL-6 and the 
expression of IL- 6R in OS cells, and demonstrated that 
tocilizumab inhibited proliferation and invasion in OS 
cells. Further in vivo research is warranted to confirm the 
applicability in clinical settings.
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