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Abstract
Background: Various signaling pathways promote cancer growth and inhibit apoptosis in 
cancerous cells. The increased levels of interleukin (IL)-6 cytokine and its signaling by IL-6 
receptors have been reported in various cancers, which were associated with poor prognosis. 
On the other hand, targeting IL-6 and IL-6 receptors was associated with ameliorating effects 
in cancers. Therefore, this study sought to inhibit both IL-6 and its receptor (glycoprotein 130, 
[gp130]) and to synergistically reduce cancer progression in vitro.
Methods: Accordingly, 4T1 and CT26 cancer cell lines were used to analyze the efficacy of 
the simultaneous blockade of IL-6 and gp130. In addition, small interfering ribonucleic acid 
(siRNA) molecules were employed to suppress the expression of these factors. The expression 
of target genes was investigated using the quantitative real-time polymerase chain reaction 
assay. Further, an MTT assay was applied to study cell survival. Finally, cytokine was measured 
by enzyme-linked immunosorbent assay.
Results: The transfection of cancer cells by lipofectamine led to significant downregulation 
of these factors in both cell lines. Moreover, the downregulation of IL-6 and gp130 caused 
significant cell death induction, which was associated with the reduced proliferative potential 
of both cells. Eventually, IL-6 silencing markedly suppressed the secretion of IL-6 in both cells.
Conclusion: These findings imply that the simultaneous silencing of IL-6 and gp130 can be 
considered a potential anticancer therapeutic approach that should be further considered in 
future studies.
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Introduction
Various factors in the tumor microenvironment 
help cancer growth and suppress anti-tumor 
immune responses.1,2 One of the main anti-cancer 
immunotherapeutic approaches is the modulation of the 
tumor microenvironment to limit the expansion of cancer 
cells and provide an optimum condition for the action of 
anti-tumor immune responses.3,4 Therefore, the blockade 
of the main contributing factors to cancer growth and 
immune suppression in the tumor site is considered an 
efficient treatment strategy. 

Several studies have shown that the secretion of 
interleukin (IL)-6 is meaningfully upregulated in the 

tumor region.5 Both cancer and nan-cancerous stromal 
cells are involved in the generation of IL-6. Among the 
normal cells, both immune and non-immune cells such 
as monocytes, lymphocytes, fibroblasts, keratinocytes, 
and adipocytes can generate and secrete IL-6.6 Moreover, 
various solid and hematopoietic cancers can produce 
this cytokine.7 Interestingly, the upregulation of IL-6 
was associated with cancer progression and limited 
responses to conventional anti-cancer therapies such as 
chemotherapy. On the other hand, the upregulation of 
IL-6 in the tumor microenvironment was accompanied 
by the upregulation of downstream signaling factors 
participating in the cancer growth.8 The induction of these 
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signaling pathways is due to IL-6 receptor activation. The 
expression of the IL-6 receptor is detected in both immune 
and non-immune cancer cells. The cell membrane 
expressed IL-6 receptor has a short cytoplasmic domain 
that cannot drive IL-6 signaling. Therefore, it uses the help 
of another transmembrane protein called gp130,9 which is 
also expressed on various cells, and in combination with 
IL-6R, it contributes to tissue homeostasis, cell survival, 
growth, and development. IL-6R signaling leads to the 
induction of Janus kinase (JAK) tyrosine kinases and the 
phosphorylation of the signal transducer and activator 
of transcription 3 (STAT3). The IL-6/JAK/STAT3 
axis is critical in various key characteristics of tumor 
cells, including transformation, survival, angiogenesis, 
metastasis, and proliferation.10,11

As mentioned before, several cells, including cancer 
and non-cancer cells, can produce IL-6 in the tumor site.12 
It is demonstrated that cancer cells consume IL-6 in an 
autocrine manner and, to a lower extent, in a paracrine 
manner.13 Regarding the importance of the IL-6/IL-6R 
axis in cancer progression, several investigators have 
attempted to block this axis through various therapeutic 
strategies.14 The current study aimed to block the IL-6-
mediated growth of cancerous cells by silencing IL-6 and 
gp130 in cancer cells using small interfering ribonucleic 
acid (siRNA) technology. It was hypothesized that the 
silencing of IL-6 and the main molecule in its signaling 
(gp130) can synergistically deprive cancer cells of IL-6-
mediated cancer-promoting signaling pathways, leading 
to cancer progression. 

Methods
Reagents and Cell Lines
Murine cell lines, including CT26 (colon cancer) and 4T1 
(breast cancer), were purchased from the National Cell 
Bank of Iran (Pasteur Institute of Iran, Tehran, Iran). 
Both cell lines were cultured in RPMI-1640 medium 
containing 10% fetal bovine serum and supplemented 
with 100 mg/mL streptomycin and 100 unit/mL penicillin 
(which were all bought from Gibco, Grand Island, NY).

Lipofectamine 2000 was purchased from Sigma (St. 
Louis, MO, USA). Moreover, 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) Cell 
Proliferation Assay Kit was obtained from Roche 
(Mannheim, Germany). Further, siRNA molecules 
against IL-6, gp130, and irrelevant control siRNA were 
purchased from Santa Cruz (CA, USA). Finally, the 
enzyme-linked immunosorbent assay (ELISA) kit for the 
assessment of IL-6 was purchased from eBioscience (San 
Diego, CA, USA).

Transfection of Cells With siRNA 
To transfect cancer cells with siRNA, 1.5 × 104 4T1 and 
CT26 cells were cultured in 96-well plates for 24 hours. 
Subsequently, the cells were transfected with 60 pM of 
each siRNA using Lipofectamine 2000 (Sigma) according 
to guidelines indicated in the kit and incubated for 48 
hours. Then, the cells were analyzed for gene expression.

Real-time Polymerase Chain Reaction
Gene expression was analyzed using the quantitative real-
time polymerase chain reaction (qPCR).15 RNA extraction 
was performed by RNA extraction kits (Invitrogen, 
Oslo, Norway). Furthermore, complementary DNA was 
synthesized by using the cDNA synthesis kit (Bioneer, 
Daejeon, Korea). 

Primer sequences for the analysis of target genes were 
designed based on our previous reports.16 The primer 
sequences are provided in Table 1.16,17Subsequently, the 
SYBR® Green RT-PCR master mixture (Takara Bio Inc., 
Japan) and the Light-Cycler480 RT-PCR system (Roche) 
were applied to amplify and evaluate the expression 
of target genes. The standard and melting curves were 
created to confirm the test accuracy. The ΔΔCT method 
was used to analyze the data, and β-actin was considered 
a housekeeping gene.

Cytotoxicity Assay
MTT assay was employed to study the effect of siRNA 
transfection on the viability of cancer cell lines. 
Accordingly, cancer cells (1.5 × 104 cells) were seeded in 96-
well plates for 24 hours and subsequently transfected with 
siRNA molecules. Untreated cells and DMSO (0.2%) were 
considered as the negative and positive control, respectively. 

Table 1. Primer Sequences

Gene Name Forward Reverse

β-actin 5′-GGTCATCACTATTGGCAACG-3′ 5′-ACGGATGTCAACGTCACACT-3′

IL-6 5′- ATCCAGTTGCCTTCTTGGGACTGA -3′ 5′- TAAGCCTCCGACTTGTGAAGTGGT -3′

Gp130 5′- ATTTGTGTGCTGAAGGAGGC -3′ 5′- ATTTGTGTGCTGAAGGAGGC -3′

MMP9 5′- ACACGACATCTTCCAGTACC -3′ 5′- CAGGAGGTCGTAGGTCACGTAGC -3

MMP2 5′- TGTGTCTTCCCCTTCACTTT -3′ 5′- GATCTGAGCGATGCCATCAA -3′

BIM 5′- GAGATACGGATTGCACAGGA -3′ 5′- ATTTGAGGGTGGTCTTCAGC -3′

BCL-2 5′- GGCTGGGGATGACTTCTCTC -3′ 5′- ACAATCCTCCCCCAGTTCAC - 3′

VEGF 5′ - CTGGATATGTTTGACTGCTGTGGA-3′ 5′ - GTTTCTGGAAGTGAGCCAATGTG-3′

FGF 5′- CCCACCAGGCCACTTCAA -3′ 5′- GATGGATGCGCAGGAAGAA -3′

Note. IL: Interleukin; Gp: Glycoprotein; MMP: Matrix metallopeptidase-9; BCL-2: B cell lymphoma/leukemia gene-2; VEGF: Vascular endothelial growth factor; 
FGF: Fibroblast growth factor.
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After 24 or 48 hours of incubation, the supernatant of cells 
was changed by using 100 μL of a medium containing the 
MTT solution (10 μL) and incubated for 4 hours. Finally, 
DMSO (100 μL) was added to each well for 4 hours, and the 
absorbance was assessed at 490 nm.18

Enzyme-Linked Immunosorbent Assay 
The ELISA assay was used to study the impact of siRNA 
transfection on the secretion of IL-6. In brief, CT26 and 
4T1 cells (1.5 × 104 cells) were seeded in 96-well plates for 
24 hours. Afterward, the cells were transfected with siRNA 
molecules for 48 hours. The supernatant of the cells was 
then collected and utilized to analyze the concentration of 
IL-6 using the ELISA kit (eBioscience).19

Proliferation Assay 
Bromodeoxyuridine (BrdU) incorporation kit was used 
to assess the impact of the siRNA transfection related to 
the proliferative potential of cancer cells. Briefly, 1.5 × 104 

cells were cultured in 96-well plates for 24 hours and then 
transfected with siRNA molecules for 48 hours. Next, cancer 
cells were tagged with BrdU for 2 hours and incubated 
with the anti-BrdU monoclonal antibody for 1 hour. 
The Horseradish peroxidase-conjugated goat anti-mouse 
antibody and the peroxidase substrate were then added to 
the cultured cells. The percent of BrdU-incorporated cells 
was finally assessed by a microplate reader.20

Statistical Analysis 
The statistical analysis was performed by the SPSS 
software; version 20. A two-way ANOVA test was applied 

to investigate the differences between groups, and P < 0.05 
was considered statistically significant. All tests were 
performed in triplicate and repeated at least twice.

Results
The Use of siRNAs Meaningfully Downregulated IL-6 
and gp130 in Cancer Cell Lines
The results demonstrated that anti-IL-6 specific siRNA 
could markedly suppress the mRNA expression of this 
factor in both cell lines, while it had also minor effects 
on gp130 expression. Moreover, the simultaneous 
transfection of cells by both siRNAs had the greatest effect 
on reducing IL-6 mRNA levels (Figures 1a and b). 

Similar results were observed regarding the expression 
of gp130. Although anti-gp130 siRNA significantly 
suppressed gp130 expression, it slightly reduced IL-6 
expression. Additionally, the co-transfection of cells by 
both siRNAs had the greatest impact on gp130 mRNA 
expression (Figures 1c and d). 

To further analyze the impact of siRNA on the IL-6, 
IL-6 protein levels in the supernatant of cultured cell lines 
were studied using ELISA assay. Similar to the mRNA 
results, siRNA transfection meaningfully suppressed IL-6 
secretion, and co-transfection had the greatest effect on 
IL-6 secretion levels (Figures 1e and f). 

Silencing IL-6 and gp130 Meaningfully Induced Cell 
Death in Cancer Cells
Cancer cells were incubated with anti-IL-6 and anti-
gp130 siRNAs, and the viability of cancer cells was 
measured after 24 and 48 hours. The results revealed 

Figure 1. Transfection of siRNA Suppresses the mRNA and Protein Expression Levels of IL-6 and mRNA Levels of gp130 in Cancer Cell Lines Based on qPCR 
and ELISA Assays. Note. siRNA: Small interfering ribonucleic acid; mRNA: Messenger ribonucleic acid; IL: Interleukin; gp: Glycoprotein; qPCR: Quantitative 
polymerase chain reaction; ELISA: Enzyme-linked immunosorbent assay
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that the silencing of either IL-6 or gp130 could markedly 
induce cell death in cancer cells over time. Interestingly, 
co-silencing of IL-6 and gp130 could additively increase 
cell death in both cells (Figures 2a and b). 

The expression of apoptosis-involved factors, including 
BIM and Bcl-2, was evaluated to study the mechanism by 
which silencing IL-6 and gp130 induced cell death. As 
shown in Figures 2c and d, while the silencing of either 
IL-6 or gp130 could considerably reduce the expression 
of the anti-apoptotic Bcl-2 factor, their simultaneous 
silencing had the greatest impact on the downregulation 
of Bcl-2 in both cells. Further, the treatment of cell lines 
with siRNAs could significantly upregulate the pro-
apoptotic BIM factor in both cell lines (Figures 2e and f).

Downregulation of IL-6 and gp130 Inhibited 
Proliferation of Cancer Cells 
The proliferative potential of cancerous cells following 
exposure to anti-IL-6 and gp130 siRNA molecules was 
investigated using the ELISA-based BrdU incorporation 
method. As depicted in Figures 3a and b, the exposure 
of cancer cell lines to either of IL-6- or gp130-specific 
siRNAs could potentially inhibit the proliferation of both 
cancer cell lines. Moreover, the co-transfection of cancer 
cells with both siRNA molecules had the highest impact 
on the inhibition of expansion. 

Simultaneous Blockade of IL-6 and gp130 Reduced the 
Angiogenic and Metastatic Potential of Cancer Cells
The results showed that the silencing of either IL-6 or 

Figure 2. Silencing IL-6 and gp130 in Cancer Cells Induces Cell Death Associated With the Upregulation of BIM and Downregulation of Bcl-2. Note. IL: 
Interleukin; gp: Glycoprotein

Figure 3. Co-silencing IL-6 and gp130 Suppresses Cancer Cell Proliferation as Assessed by BrdU Incorporation Assay. Note. IL: Interleukin; gp: Glycoprotein; 
BrdU: Bromodeoxyuridine
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gp130 significantly reduced the expression of vascular 
endothelial growth factor (VEGF) in both cell lines; 
however, simultaneous silencing by two siRNAs 
had the greatest effect on the expression of VEGF 
(Figures 4a and b). 

Similar to VEGF, the transfection of cancer cells with 
anti-IL-6 or -gp130 siRNAs could markedly inhibit the 
expression of matrix metallopeptidase-2 (MMP2) and 
matrix metallopeptidase-9 (MMP9); conversely, the 
greatest effect was observed following the simultaneous 
silencing of IL-6 and gp130 (Figure 4c-f). 

Discussion
The overexpression of cancer-promoting factors in the 
tumor microenvironment is one of the main obstacles in 
various anti-cancer therapeutic approaches. Therefore, 
targeting these factors is considered a potential therapeutic 
approach for various cancers.21

The IL-6/JAK/STAT3 signaling pathway is one of the 
main tumor-promoting axes involved in the growth 
and development of cancers. Several investigators have 
attempted to block this signaling pathway through the 
blockade of its main components, including, IL-6, IL-6R, 
gp130, JAK, and STAT3.22

In this study, it was sought to block this axis through 
the silencing of two critical components, including IL-6 
and gp130. IL-6 is the first component in this axis that 
initiates it, while gp130 mediates and induces the JAK/
STAT3 signaling pathway. Hence, this axis was blocked in 
two critical sites, thus its compensation may be impossible 
for cancer cells. 

In this study, two different cancer cell lines were used 

to investigate the universal therapeutic potential of our 
therapeutic strategy. Furthermore, murine cell lines were 
employed to be able to make murine cancer models in 
future studies. 

Our results represented that the silencing of IL-6 and 
gp130 could significantly enhance cell death in cancer 
cells, which was associated with the upregulation of 
BIM and the downregulation of Bcl-2 in cancer cell 
lines. Additionally, siRNA transfection significantly 
inhibited the proliferative potential of both cancer cell 
lines. The anti-angiogenic and anti-metastatic potential 
of this therapeutic strategy was also demonstrated after 
treatment. Based on the results, the silencing of IL-6 and 
gp130 could meaningfully inhibit the expression of the 
main factors involved in the angiogenesis and metastasis, 
including the VEGF, MMP2, and MMP9.

Several investigators attempted to block IL-6, IL-6Rs, or 
downstream signaling factors such as JAKs and STAT3 
for cancer therapy. Siltuximab is one of these therapeutics 
that is anti-IL-6 chimeric mAb. Its efficacy is represented 
in the treatment of various cancers23-25 and approved 
for multicentric Castleman’s disease.26,27 Sirukumab 
and olokizumab are the other anti-IL-6 monoclonal 
antibodies, the efficacy of which is not yet evaluated in 
cancer patients.28 The mAb 1339 and clazakizumab are 
also anti-IL-6 monoclonal antibodies that have been 
evaluated for the treatment of various cancers.26

Some investigators sought to block IL-6/JAK/STAT3 
signaling through the inhibition of IL-6R. For instance, 
the efficacy of Tocilizumab (a humanized anti-IL-6R 
monoclonal antibody) was examined in the treatment of 
a variety of cancers.29 Gp130 is also considered a potential 

Figure 4. The siRNA Transfection Inhibited the Expression of Genes Involved in the Angiogenesis and the Metastasis Process in Cancer Cell Lines. Note. siRNA: 
Small interfering ribonucleic acid
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target for blocking IL-6 signaling. Accordingly, soluble 
gp130-Fc fusion protein could efficiently suppress the 
trans-signaling of IL-6R.22 Anti-gp130 monoclonal 
antibodies are also used to directly block gp130 in 
preclinical studies.30 The chemical inhibitors of gp130 
have been developed and evaluated in various studies. 

Madindoline A and SC144 are two chemical antagonists 
of a gp130 that can suppress the IL-6/IL-6R signaling 
pathway.31,32

Raloxifene, LMT-28, and bazedoxifene are the other 
chemical therapeutics that can block the interaction of IL-
6-gp130.33,34

The findings of this investigation imply that IL-6 
blockade in cancer cells can be considered a worthy 
therapeutic approach for cancer therapy. There are 
several options to design a strategy for the blockade of 
IL-6-induced signaling. The blockade of IL-6, IL-6R, 
gp130, JAKs, or STAT3 is an important target of this 
pathway that is employed as the therapeutic target in 
different studies. The question regarding which target 
can be associated with better therapeutic consequences 
remains elusive and should be precisely considered in 
future studies. However, in this study, we implied that 
simultaneous targeting of IL-6 (as the initiator and first 
component of this signaling pathway) and gp130 (as the 
main component in driving and initiating the signaling 
pathway) can efficiently prevent cancer cell growth and 
survival. However, this study had some limitations such 
as the lack of study in preclinical models that should be 
performed in future studies. Following the assessment of 
the efficacy in animal models, investigating the efficacy of 
this strategy in cancer patients will clarify the significance 
of this therapeutic approach. 
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