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1  | INTRODUC TION

Cervical cancer is the most common gynaecological malignancy, 
ranking fourth in both incidence and cancer-related deaths among 
women worldwide.1 Despite the advancements in prophylactic vac-
cines and screening programs, which have greatly decreased the in-
cidence rate, effective therapies continue to fall short. A therapeutic 

vaccine, however, would likely be a promising approach in the treat-
ment of cervical cancer by modulating the host immune system in 
vivo and thus provoking an anti-tumour response.

Adjuvants are mandatory in cancer vaccines for their capacity to elicit 
a strong and persistent immune response towards tumour-associated 
antigens, as the immunogenicity of recombinant antigen proteins or pep-
tides alone is usually not sufficient. Polyriboinosinic-polyribocytidylic 
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Abstract
Poly(I:C) is a promising adjuvant for cancer treatment vaccines to enhance the host 
anti-tumour immune response. However, the roles of poly(I:C) in the cervical cancer 
microenvironment and local immune reactions are not well understood. In this study, 
we investigated the roles of poly(I:C) in the cervical cancer. We analysed the cytokine 
transcription and secretion of cervical cancer cell lines and THP-1–derived mac-
rophages after poly(I:C) treatment, respectively. These results revealed that IL-6 was 
significantly up-regulated, and this up-regulation was partly dose dependent. poly(I:C)-
stimulated supernatant of cervical cancer cells promoted M1-type cytokine IL-1β and 
IL-6 expression of THP-1–derived macrophages, but inhibited the expression of M2-
type cytokine, IL-10 and CCL22. The recruitment of THP-1–derived macrophages by 
poly(I:C)-stimulated cervical cancer cell supernatant was also enhanced. Inhibition of 
IL-6 expression in cervical cancer cells by siRNA transfection almost completely re-
versed the effects of poly(I:C) treatment. Finally, we found that phosphorylation of the 
NF-κB signalling pathway in cervical cancer cells occurred quickly after poly(I:C) treat-
ment. Moreover, the NF-κB signalling pathway inhibitor PDTC significantly inhibited 
poly(I:C)-induced IL-6 expression. Taken together, these results suggest that poly(I:C) 
might regulate the effects of cervical cancer cells on tumour-infiltrated macrophages, 
and subsequently promote a pro-inflammatory tumour microenvironment.
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acid (poly(I:C)), a synthetic compound that mimics viral dsRNA poly-
mers, is one of the most extensively studied adjuvants of anti-tumour 
vaccines.2 As the ligand of the Toll-like receptor 3 (TLR3), poly(I:C) 
triggers the procession and presentation of antigens in innate immune 
cells, including macrophages and dendritic cells, subsequently leading 
to anti-tumour adaptive immunity.3,4

Elevated immunological responses have been observed in var-
ious poly(I:C)-involved strategies over the past decade. In human 
papillomavirus (HPV)-infected genital tumours, the application of 
poly(I:C), along with HPV16E7 peptide vaccination, has increased, 
by approximately fivefold, the number of vaccine-specific CD8+ T 
cells infiltrated in the genital mucosa of mice.5 This observation is 
particularly interesting, considering that the levels of inflammatory 
cytokine expression and immunocyte infiltration were usually low in 
high-risk HPV-infected lesions, especially in cervical cancer, due to 
the immunosuppression effect of HPV oncoproteins.6-8 One possi-
ble explanation was that poly(I:C) modulated the tumour microenvi-
ronment, an established mechanism lacking detailed investigation.

The tumour microenvironment contains various myeloid lineage 
cells that usually show unique tumour-supportive characteristics 
compared with their companion residents in normal tissue. In can-
cer vaccination, tumour-derived nucleic acids, such as poly(I:C), act 
on both tumour cells and non-malignant components, resulting in a 
complex interaction network. Previous research has shown that the 
cytosolic effect of poly(I:C) evokes an inflammatory form of death 
in tumour cells, as well as several other effects including type I IFN 
induction and myeloid cell maturation and activation.9 In normal 
keratinocytes, which are host cells of HPV, extracellular poly(I:C) 
stimulation greatly induced inflammatory mediator expression, 
including tumour necrosis factor α and type I IFNs, therefore pro-
moting the activation of dendritic cells.10 Similar observations were 
also achieved in cervical cancer cells in which poly(I:C) enhanced the 
expression of necroptosis regulator RIPK3, and increased IL-12 pro-
duction in dendritic cells.11 However, the effects of poly(I:C) on the 
interactions between the tumour microenvironment and tumour-in-
filtrated macrophages, the number of which was almost ten times 
higher than that of dendritic cells,12 have not been fully explored.

In this study, we demonstrate that cervical cancer cells stimu-
lated by poly(I:C) regulate cytokine expression and recruitment of 
THP-1–derived macrophages. The enhanced IL-6 expression in cer-
vical cancer cells through the NF-κB signalling pathway was shown 
as a critical factor in the modulation of poly(I:C)-stimulated cervical 
cancer cells on macrophages.

2  | MATERIAL S AND METHODS

2.1 | Cell culture and generation of THP-1–derived 
macrophages

Human cervical cancer cell lines HeLa and CaSki and acute monocytic 
leukaemia cell line THP-1 were obtained from the American Type 
Culture Collection (ATCC). The cells were cultured in RPMI-1640 

medium supplemented with heat-incubated 10% FBS, 100  U/mL 
penicillin and 100 μg/mL streptomycin at 37°C in an incubator with 
5% CO2.

To obtain the conditioned medium (CM) of HeLa and CaSki cells, 
2  ×  105 HeLa and CaSki cells were seeded into 2  mL RPMI-1640 
medium/10% FBS into a 6-well plate. After 6 hours, different con-
centrations of poly(I:C) were added to the medium. The medium was 
then washed and replaced with new RPMI-1640 medium with 10% 
FBS for another 12 hours. Cell supernatant was collected as HeLa 
and CaSki CM for later experiments.

THP-1–derived macrophages were generated as previously de-
scribed.13 Precisely, 1 × 106 THP-1 cells were treated with 100 ng/
mL PMA for 48 hours and adherent cells were collected for later ex-
periments. In some cases, the medium was replaced with 50% total 
volume of the CM of cervical cancer cells after 6 hours of treatment 
with phorbol myristate acetate (PMA), and THP-1 cells were further 
cultured for another 42 hours with the concentration of PMA main-
tained at 100 ng/mL.

2.2 | Enzyme-linked immunosorbent assay (ELISA)

The concentrations of IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IFN-γ, MCP-
1, TNF-α and CCL22 in CM of HeLa, CaSki or THP-1–derived mac-
rophages were determined by ELISA kits (R&D Systems) according to 
the manufacturer's instructions.

2.3 | Real-time quantitative RT-PCR

Total RNA was extracted using TRIzol reagent (Invitrogen), and the 
cDNA was synthesized by reverse transcription. Quantitative RT-
PCR was performed on a LightCycler 2.0 (Roche Diagnostic). GAPDH 
was used as an internal control. The mRNA level of each sample was 
measured by the 2−ΔΔT method. The primer sequences were listed 
in the supplementary documents (Table S1).

2.4 | Small interfering RNA transfection

Small interfering RNA (siRNA) targeting human IL-6 and a 
scramble-negative control was designed by GeneChem Co., Ltd. 
For transient silencing, 5  ×  105 of HeLa cells were seeded into 
200 μL serum-free RPMI-1640 medium in 24-well plates to reach 
60% confluence. A 100  μL of mixture of Lipofectamine 2000 
(Invitrogen) and IL-6 siRNA or negative control siRNA was added 
into the well for 6 hours. Each well was refilled with 200 μL com-
plete medium (containing 10% foetal bovine serum [FBS]) for an-
other 48  hours. In some cases, 25  μg/mL of poly(I:C) was added 
into the well at the 36-hour time-point and the experiment pro-
ceeded for 12 more hours to match the treatment period of non-
transfection groups. The medium was then replaced with 1  mL 
new RPMI-1640 medium with 10% FBS for 12 hours, after which 
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the supernatant was collected. The sequences of human IL-6 and 
scramble siRNA were 5′-CUUCCAAUCUGGAUUCAAU-3′ and 
5′-GGGCAAGACGAGCGGGAAG-3′, respectively.

2.5 | Migration assay

A total of 1 × 105 THP-1–derived macrophages were resuspended 
in 100 μL of serum-free RPMI-1640 medium and added into the 
upper compartment of the Transwell inserts (24-well plate, 8-μm 
pores, BD Biosciences). RPMI-1640 medium (600  μL) containing 
20% FBS, or the CM of cervical cancer cells, was added into the 
lower chamber of the plate. After incubating at 37°C in 5% CO2 for 
24 hours, the migrated cells on the lower surface of the filter were 
washed and fixed by 10% formalin and stained with eosin. Five 
random fields of each well were photographed, and cell numbers 
were counted.

2.6 | Western blot

Cells in six-well plates were washed with PBS and lysed with equal 
volumes of RIPA lysis buffer containing 1 mmol/L phenylmethyl-
sulfonyl fluoride (PMSF) on ice and then centrifuged for 10 min-
utes at 300  g under 4°C. Lysates with equal amounts of protein 
were separated by 10% SDS-PAGE and then transferred onto a 
polyvinylidene fluoride (PVDF) membrane (Millipore). The mem-
branes were blocked for 1 hour at room temperature with 5% BSA 
in TBS containing 0.1% Tween-20 and then incubated overnight 
at 4°C with NF-κB (Cell Signaling Technology) or β-actin (Santa 
Cruz Biotechnology) antibody. The membranes were exposed to 
horseradish peroxidase-labelled secondary antibodies (1:3000) 
for 1 hour at room temperature and detected by enhanced chemi-
luminescence detection systems (Amersham Imager 600, GE 
Healthcare Life Sciences, and ChemiDoc™ Touch Imaging System, 
Bio-Rad).

F I G U R E  1   Poly(I:C) treatment promoted IL-6 secretion in cervical cancer cells. The cytokine mRNA levels of HeLa (A) and CaSki (B) cells 
in control of poly(I:C) (25 μg/mL)-treated groups were tested by qRT-PCR. The cytokine expression of HeLa (C) and CaSki (D) conditioned 
medium in the control or poly(I:C) (25 μg/mL)-treated groups (12 h) was tested by ELISA. The mRNA or protein level of each cytokine in 
poly(I:C)-treated group was compared with the corresponding control group. Each bar represents mean ± SD (n = 3. *P < .05; **P < .01. ⋆, 
below minimum detection limit)
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2.7 | Statistical analysis

All experiments were performed three times. The statistical analy-
ses were performed, and experimental graphs were generated using 
SPSS 17.0 and GraphPad Prism software, respectively. Descriptive 
statistics, including the mean  ±  SD and paired/unpaired Student's 
t test and one-way ANOVA tests, were used to analyse the signifi-
cance of differences. P values of <.05 were considered significant 
(*P < .05, **P < .01).

3  | RESULTS

3.1 | Poly(I:C) promotes the secretion of IL-6 in 
cervical cancer cell lines

To explore the effect of poly(I:C) on the secretory activity of cer-
vical cancer cells, two cervical cancer cell lines, HeLa and Caski, 
were treated by poly(I:C) (25 μg/mL). The levels of cytokines in the 
supernatants of the two cervical cancer cell lines were determined 
by qRT-PCR and ELISA after 12 hours of poly(I:C) treatment. qRT-
PCR results showed that IL-6 mRNA transcription was significantly 
up-regulated after poly(I:C) treatment in both two cervical cell 
lines (Figure 1A,B). Results showed that the expression profiles of 
cytokines detected in the two cervical cancer cell lines were con-
sistent and IL-2, IL-4, IL-6, IL-8, IFN-γ, MCP-1 and TNF-α were all 
expressed. The expression level of IL-6 was considered to be high 
(approximately 200 pg/mL), and the level of IL-1β, IL-10 and IL-12 in 
conditioned medium was below the minimum detection limit. After 
poly(I:C) treatment, IL-6 expression levels were significantly up-reg-
ulated in both cell lines, and HeLa cells had higher IL-6 expression 
than CaSki cells (Figure 1C,D).

We further explored whether the regulation of poly(I:C) on IL-6 
expression in cervical cancer is related to its concentration and dura-
tion of action. As shown in Figure 2A,B, poly(I:C) dose dependently 
promoted IL-6 expression in HeLa and CaSki cells, with the most 
significant effect at 25 μg/mL. The up-regulation of IL-6 secretion 
was found after 2 hours of poly(I:C) treatment in both two cervical 
cancer cell lines. In HeLa cells, the level of IL-6 in conditioned me-
dium became relatively stable after 10 hours of poly(I:C) treatment. 
The secretion of IL-6 in CaSki cells was continuously elevated until 
12 hours of poly(I:C) treatment (Figure 2C,D).

3.2 | Poly(I:C) regulates the effect of cervical cancer 
cells on the secretion of cytokines from THP-1–
derived macrophages

To investigate the effect of poly(I:C)-treated cervical cancer cells 
on macrophage cytokine expression profiles, we collected con-
ditioned medium (CM) with or without poly(I:C) treatment. The 
CM was added during the inducing differentiation of the THP-1 

monocyte line into macrophages by PMA. The treatment proce-
dure was described in the Methods section above. As shown in 
Figure 3, HeLa cell CM without poly(I:C) inhibited the expression 
of pro-inflammatory cytokines IL-1β and IL-6 in THP-1–derived 
macrophages, while the transcription and secretion levels of 
IL-10 and CCL22 were significantly higher. In contrast, 12 hours 
of poly(I:C) treatment almost completely reversed the regulatory 
effect of HeLa CM on the secretion profile of THP-1–derived 
macrophages.

3.3 | Poly(I:C)-promoted IL-6 expression is involved 
in the regulation of cervical cancer cells on the 
secretion profile of THP-1–derived macrophages

Since poly(I:C) was found to promote the expression of IL-6 in cer-
vical cancer cells, we further explored whether IL-6 is involved in 
the regulation of macrophage secretion by cervical cancer. First, 
the HeLa cell line was transfected with control or IL-6 siRNA to 
inhibit the expression of IL-6. After transfection for 36  hours, 
poly(I:C) (25  μg/mL) was added, and the CM was collected after 
culturing for 12 hours. The CM was then added during the process 
in which THP-1 induced differentiation into macrophages. The level 
of transcription and secretion of the cytokines were detected after 
complete differentiation into THP-1–derived macrophages. As 
shown in Figure 4, cervical cancer cell CM transfected with control 
siRNA or IL-6 siRNA showed no significant difference in regulation 
of cytokine expression of THP-1–derived macrophages when there 
was no poly(I:C) effect. IL-6 silencing in cervical cancer cells sig-
nificantly inhibited the transcription and secretion of pro-inflam-
matory cytokines IL-1β and IL-6 by THP-1–derived macrophages, 
but had no significant effect on the expression of IL-10 and CCL22.

3.4 | Poly(I:C) promotes recruitment of THP-1–
derived macrophages by cervical cancer cells

To investigate whether poly(I:C) treatment affects the recruitment of 
macrophages by cervical cancer cells, we used Transwell chambers 
to establish an in vitro cell migration model. As shown in Figure 5A, 
THP-1–derived macrophages were placed in the upper compartment 
of the chamber, and the lower chamber was filled with cervical can-
cer cell CM with/without poly(I:C) action. The number of migrated 
THP-1–derived macrophages was observed after 24 hours. The re-
sults showed that cervical cancer cell CM with poly(I:C) function sig-
nificantly promoted the migration of THP-1–derived macrophages 
(Figure 5B,C).

We further explored the role of IL-6 in the promotion of macro-
phage recruitment by cervical cancer cells in poly(I:C). (Figure 5D,E). 
The recruitment of HeLa cell CM transfected with IL-6 siRNA to 
THP-1–derived macrophages was significantly inhibited compared 
with control siRNA.
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3.5 | Poly(I:C) promotes the expression of IL-6 in 
cervical cancer cells via the NF-κB pathway

NF-κB is a signalling pathway closely related to inflammatory reac-
tions. In this study, we found that the level of phosphorylated NF-κB 
in HeLa cells was up-regulated 5  minutes after poly(I:C) treatment, 
reaching a peak at 30 minutes, suggesting that the signalling pathway 
is activated (Figure 6A). To investigate whether the activated NF-κB 
signalling pathway is involved in poly(I:C)-regulated IL-6 expression, 
we selected the common NF-κB signalling pathway inhibitor PDTC 
(4 μg/mL) to pre-treat HeLa cells for 1 hour, then changed the medium 
and added poly(I:C). ELISA results showed that PDTC significantly re-
versed the effect of poly(I:C) on IL-6 secretion in HeLa cells (Figure 6B).

4  | DISCUSSION

Poly(I:C) is an important adjuvant component in therapeutic tu-
mour vaccines and can promote the body's anti-tumour immunity. 
However, little is known about whether the topical application of 

poly(I:C) alters the local microenvironment of the tumour, thereby 
affecting the functional activity of the locally infiltrating immune 
cells. In this study, we explored the role of poly(I:C) in HPV-positive 
cervical cancer cells and found that poly(I:C) promotes the expres-
sion of IL-6 in cervical cancer cells by activating the NF-κB signalling 
pathway. Increased secretion of IL-6 changes the regulation of cer-
vical cancer cells on the secretion profile of macrophage cytokines 
and promotes the recruitment of macrophages in cervical cancer 
cell supernatants. These results suggest that poly(I:C) is involved in 
the regulation between tumour cells and tumour-infiltrating mac-
rophages in the local microenvironment of cervical cancer.

Cervical cancer cells express TLR3 and are therefore one of the 
target cells of poly(I:C).14 We examined the cytokine expression 
profiles of two different HPV-positive cervical cancer cells, HeLa 
(HPV18+) and Caski (HPV16+), and found that both cervical can-
cer cells highly expressed IL-6, which is consistent with previous 
studies.15 Moreover, after the poly(I:C) treatment, the expression 
of IL-6 in these two cervical cancer cell lines was rapidly up-regu-
lated within 12 hours of poly(I:C) treatment and remained stable 
for 48 hours.

F I G U R E  2   The secretion of IL-6 with different concentrations or times of poly(I:C) treatment. The level of IL-6 in HeLa (A) or CaSki (B) 
supernatant with different concentrations of poly(I:C) treatment for 12 hours was analysed by ELISA. The level of IL-6 in HeLa (C) or CaSki 
(D) supernatant with 25 μg/mL of poly(I:C) treatment for intended period of time was also analysed. IL-6 secretion level in poly(I:C)-treated 
group for intended period of time was compared with corresponding control group of the same time-point. Each bar represents mean ± SD 
(n = 3. *P < .05; **P < .01.)



     |  2289LIU et al.

IL-6 is a characteristic cytokine in cervical cancer, which is 
up-regulated in CIN III and during the tumour stage.16 High ex-
pression of IL-6 in serum or tumour is an unfavourable factor in 

the prognosis of patients with cervical cancer.17 As cervical can-
cer cells themselves have no IL-6 receptor α-chain,18,19 this pleio-
tropic cytokine might regulate the non-tumour cell components 

F I G U R E  3   Cytokine secretion profiles of THP-1–derived macrophages were regulated by CM of poly(I:C)-treated cervical cancer cells. 
THP-1–derived macrophages were treated with RPMI-1640 (control), CM of HeLa cells (CM) or CM of HeLa cells stimulated by 25 μg/mL of 
poly(I:C) for 12 h (CM-poly(I:C)). mRNA level (A) and supernatant concentration (B) of IL-1β, IL-6, IL-10 and CCL22 were measured. The RT-
PCR data were normalized to the control and shown as fold change. Each bar represents mean ± SD (n = 3. *P < .05; **P < .01.)

F I G U R E  4   IL-6 was involved in the regulation of cytokine profile of THP-1–derived macrophages by poly(I:C)-treated cervical cancer 
cells. THP-1–derived macrophages were treated with CM of cervical cancer cells, which was pre-treated by control or IL-6 siRNA, with/
without poly(I:C) stimulation. mRNA level (A) and supernatant concentration (B) of IL-1β, IL-6, IL-10 and CCL22 were measured. The RT-PCR 
data were normalized to the control and shown as fold change. Each bar represents mean ± SD (n = 3. *P < .05; **P < .01.)
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through paracrine action, mainly local-infiltrated immune cells, 
and be involved in the establishment of a tumour-supportive 
microenvironment.

Due to the immunosuppressive effects of HPV, the local an-
ti-tumour immune activity of cervical cancer is usually defective. 
In the low-grade intraepithelial neoplasia (CIN I-II) stage with 
HPV infection, the expression of pro-inflammatory cytokines and 
the number of infiltrated inflammatory cells are significantly re-
duced,20,21 which is an important factor to promote further malig-
nant transformation of low-grade precancerous lesions. Despite 
the increased number of immune cells infiltrating in the subse-
quent high-grade intraepithelial neoplasia (CIN III) to cervical 
cancer, the tumour is still immunosuppressed and regulates the 
phenotype and function of locally infiltrating immune cells.22,23 
Tumour-infiltrating macrophages usually migrate from periph-
eral blood mononuclear cells and localize and differentiate in the 
tumour microenvironment. Therefore, they are more suscepti-
ble to local environment regulation than adaptive immune cells. 
Previous studies24 have shown that IL-10 expression was signifi-
cantly up-regulated in macrophages infiltrating in high-grade cer-
vical intraepithelial neoplasia (CIN II-III) and cervical cancer tissue, 
and this up-regulation was more prominent in cases with high-risk 
HPV infection and high viral load.

In the present study, we used an in vitro model to mimic the 
effects of cervical cancer cell secretion on macrophage differenti-
ation. The results showed that the addition of cervical cancer cell 
supernatant during the differentiation of monocytes into macro-
phages inhibited the expression of M1 cytokines such as IL-1β and 
IL-6 and promoted M2 cytokines such as IL-10 and CCL22 expres-
sion. This is consistent with the phenomenon observed in tumour 
tissue. After poly(I:C) treatment, the regulation of the secretion 
spectrum of macrophages by cervical cancer cells was reversed. 

Another in vitro experiment25 showed that cervical cancer cell cul-
ture supernatant can induce THP-1–derived macrophages to exhibit 
a stable M2-like phenotype of CD163+ CD206+ and increase IL-6 
expression. However, the M2 type cytokines IL-4 and IL-10 were 
not significantly changed, which is different from our findings. This 
difference may be related to the timing of the addition of cervi-
cal cancer cell supernatant, given that, instead of adding the cer-
vical cancer cell supernatant into macrophages after 6  hours of 
PMA treatment in our study, the previous study added the cervical 
cancer supernatant after 3  days of PMA treatment. It is believed 
that THP-1 has differentiated into mature macrophages (M0) after 
3 days. Therefore, our study focused more on the effects of cervical 
cancer on the later status of macrophages, in other words, polariza-
tion. Results suggest that the same intervention condition affects 
different stages of macrophage differentiation, and may have an 
impact on the functional activity of macrophages, and even lead to 
opposite results.

The promotion of IL-1β and IL-6 expression of macrophages 
by poly(I:C)-treated supernatants was reversed by IL-6 siRNA 
interfering in cervical cancer cells. In addition, the recruitment 
of the supernatant to macrophages is also inhibited. These two 
observations suggested that the involvement of poly(I:C) pro-
moted IL-6 secretion of cervical cancer in the regulation of cellu-
lar behaviours of macrophages. Previous studies have also shown 
that IL-6 is involved in the accumulation of local macrophages in 
cervical cancer.17,23,26 Moreover, it has been demonstrated that 
HPV-transformed cervical cancer cells induce accumulation of 
monocytes in tumours through a CCL2-CCR2–positive feedback 
loop activated by IL-6 and M-CSF, and further promote tumour 
invasion by enhancing MMP-9 expression on monocytes.27 In 
addition, cervical cancer-derived IL-6 promotes the expression 
of CCL20 in cervical fibroblasts, which further promotes the 

F I G U R E  5   IL-6 was involved in 
the recruitment of THP-1–derived 
macrophages by poly(I:C)-treated cervical 
cancer cells. (A) The diagrammatic 
illustration for the Transwell assay 
procedure. (B) A typical field of THP-1–
derived macrophages recruited by RPMI-
1640 (control), CM of HeLa cells (CM) or 
CM of HeLa cells stimulated by 25 μg/
mL of poly(I:C) for 12 h (CM-poly(I:C)). (C) 
The number of recruited THP-1–derived 
macrophages in three groups. (D) A typical 
field of THP-1–derived macrophages 
recruited by CM of HeLa cells, pre-treated 
by control or IL-6 siRNA with/without 
poly(I:C) stimulation. (E) The number of 
recruited THP-1–derived macrophages 
in four groups. Each bar represents 
mean ± SD (n = 3. **P < .01.)
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recruitment of tumour-promoting Th17 cells to the tumour site.28 
The above results suggest that IL-6 is one of the key molecules 
connecting local chronic inflammatory response and tumour de-
velopment.29 Our results show that poly(I:C) up-regulated cervical 
cancer cell-derived IL-6 not only promotes the migration of mac-
rophages to tumours, but also promotes the secretion of IL-6 in 
macrophages, thus forming a positive feedback loop. This pathway 
may be one of the important factors for the formation of a special 
feature of local high IL-6 expression in cervical cancer. This mech-
anism of action can further amplify the local effects of IL-6 in cer-
vical cancer, including intratumoral anti-tumour immune activity 

and regulation of other non-tumour cell components, which ulti-
mately constitute a special microenvironment that promotes tu-
mour development.

Compared with other pattern recognition receptors (PRRs) 
such as TLR9, the distribution of poly(I:C) receptor TLR3 is not 
limited to antigen-presenting cells, but is also distributed in a 
large number of epidermal fibroblasts, keratinocytes and muscle 
cells.2,30 Therefore, poly(I:C) has a prominent advantage in topical 
application in superficial parts of the human body, such as sub-
cutaneous injection, intramuscular injection or intravaginal appli-
cation. However, it should be noted that the wide distribution of 
TLR3 might cause a significant increase in the risk of excessive 
activation of the inflammation response by poly(I:C) as an adju-
vant. Chronic inflammatory response has been one of the most 
serious adverse reactions of poly(I:C) injection,2 but the mecha-
nisms responsible for this adverse reaction are poorly understood. 
Our results suggest that poly(I:C) can promote the expression of 
IL-6 in cervical cancer cells, induce the local recruitment of macro-
phages and the secretion of pro-inflammatory cytokines, while the 
resulting inflammatory environment increases the risk of tumour 
progression. However, it is unknown whether the phenomenon 
observed in in vitro experiments can reflect the in vivo situation, 
because poly(I:C) is hydrolysed in a short time in serum with a half-
life of only about 30 minutes.31

Nevertheless, our observations suggest that when poly(I:C) is 
selected as a therapeutic vaccine for cervical cancer, special at-
tention should be paid to its effect on the local microenvironment 
of the tumour, and relevant measures should be taken to inhibit 
its promotion of IL-6 secretion. One possible measure is to reduce 
the application dose of poly(I:C). Observations in animal models 
showed that intraperitoneal injection of poly(I:C) at a dose of 
750  μg/Kg caused fever and a transient increase in plasma IL-6 
and TNF-α.32 Another study showed that the severity of insulitis 
in diabetes-prone BioBreeding (BB) rats caused by poly(I:C) was 
dose-dependent; however, low-dose poly(I:C) (0.05  mg/g body 
weight) was shown to be effective in preventing the transcription 
of TNF-α in splenocytes and the development of insulitis.33 In this 
study, we noted that there is a correlation between the expression 
level of IL-6 in cervical cancer cells and poly(I:C) concentration. 
When poly(I:C) concentration was 1  μg/mL, IL-6 expression was 
significantly promoted, but the secretion level was significantly 
lower than that of the 25  μg/mL poly(I:C) treatment group. This 
suggests that the dose of poly(I:C) should be carefully selected 
before application in tumour treatment to maintain its immune ac-
tivation characteristics while avoiding its potential risk of promot-
ing tumour development.

In conclusion, we found that poly(I:C) promoted the secretion of 
IL-6 by cervical cancer cells through activation of the NF-κB path-
way. The elevated IL-6 level in cervical cancer supernatant regulated 
the secretion profile of THP-1–derived macrophages and promoted 
the recruitment of macrophages by cervical cancer supernatant. 
This finding suggests that poly(I:C) as an adjuvant may enhance the 
local inflammatory response in cervical cancer, but also could be a 

F I G U R E  6   Poly(I:C)-promoted IL-6 expression was depend on 
activation of NF-κB signalling pathway. (A) Phosphorylation of NF-
κB (pNF-κB) and total NF-κB was measured at different time-points 
after poly(I:C) stimulation (upper), and the ratio of pNF-κB and total 
NF-κB was calculated (lower). GAPDH was analysed as loading 
control. (B). The IL-6 concentration of HeLa cells pre-treated by 
NF-κB inhibitor, PDTC, with/without poly(I:C) stimulation. Each bar 
represents mean ± SD (n = 3. **P < .01.)
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risk in cervical cancer immunotherapy. Measures such as appropri-
ate application doses should be taken into consideration to control 
its effects on non-immune cells and reduce the risk of tumour de-
velopment. Despite this, there is still much to be determined in our 
research. For example, does poly(I:C) affect the anti-tumour activity 
of local-infiltrated macrophages by IL-6? Does poly(I:C) have a similar 
affect in other types of tumours? In future research, we will use a 
tumour-bearing animal model to explore the regulation of poly(I:C) on 
local immune composition and functional activity of cervical cancer 
and related mechanisms.

ACKNOWLEDG EMENTS
This study was supported by National Natural Science Foundation of 
China (Grant Numbers: 81300510, 81702815, 81874105, 81372809) 
and National Clinical Research Center for Gynecological Oncology 
(Grant Number: 2015BAI13B05)

CONFLIC T OF INTERE S T
All the authors declare no conflict of interest.

AUTHORS'  CONTRIBUTION
XL, HW and XY designed these experiments. XL, QS, BW, XY and 
LC involved in performing the experiment and analysed the data. XL 
and LM contributed to manuscript preparation and wrote the manu-
script. XL and XY revised the manuscript.

DATA AVAIL ABILIT Y S TATEMENT
All data used to support the findings of this study are available from 
the corresponding author upon request.

ORCID
Xingsheng Yang   https://orcid.org/0000-0003-0899-7346 

R E FE R E N C E S
	 1.	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. 

Global cancer statistics, 2012. CA Cancer J Clin. 2015;65(2):87-108.
	 2.	 Hafner AM, Corthesy B, Merkle HP. Particulate formulations for 

the delivery of poly(I:C) as vaccine adjuvant. Adv Drug Deliv Rev. 
2013;65(10):1386-1399.

	 3.	 Schulz O, Diebold SS, Chen M, et al. Toll-like receptor 3 
promotes cross-priming to virus-infected cells. Nature. 
2005;433(7028):887-892.

	 4.	 Trumpfheller C, Caskey M, Nchinda G, et al. The microbial mimic 
poly IC induces durable and protective CD4+ T cell immunity to-
gether with a dendritic cell targeted vaccine. Proc Natl Acad Sci U S 
A. 2008;105(7):2574-2579.

	 5.	 Domingos PS, Decrausaz L, Derre L, et al. Intravaginal TLR agonists 
increase local vaccine-specific CD8 T cells and human papillomavi-
rus-associated genital-tumor regression in mice. Mucosal Immunol. 
2013;6(2):393-404.

	 6.	 Fausch SC, Da SD, Rudolf MP, Kast WM. Human papillomavirus 
virus-like particles do not activate Langerhans cells: a possible 
immune escape mechanism used by human papillomaviruses. J 
Immunol. 2002;169(6):3242-3249.

	 7.	 Park JS, Kim EJ, Kwon HJ, Hwang ES, Namkoong SE, Um SJ. 
Inactivation of interferon regulatory factor-1 tumor suppressor 
protein by HPV E7 oncoprotein. Implication for the E7-mediated 

immune evasion mechanism in cervical carcinogenesis. J Biol Chem. 
2000;275(10):6764-6769.

	 8.	 Tindle RW. Immune evasion in human papillomavirus-associated 
cervical cancer. Nat Rev Cancer. 2002;2(1):59-65.

	 9.	 Zigler M, Shir A, Joubran S, et al. HER2-targeted Polyinosine/
Polycytosine therapy inhibits tumor growth and modulates 
the tumor immune microenvironment. Cancer Immunol Res. 
2016;4(8):688-697.

	10.	 Lebre MC, Antons JC, Kalinski P, et al. Double-stranded RNA-
exposed human keratinocytes promote Th1 responses by inducing 
a Type-1 polarized phenotype in dendritic cells: role of keratino-
cyte-derived tumor necrosis factor alpha, type I interferons, and 
interleukin-18. J Invest Dermatol. 2003;120(6):990-997.

	11.	 Schmidt SV, Seibert S, Walch- Rückheim B, et al. Correction: RIPK3 
expression in cervical cancer cells is required for PolyIC-induced 
necroptosis, IL-1alpha release, and efficient paracrine dendritic cell 
activation. Oncotarget. 2019;10(43):4503-4504.

	12.	 Kobayashi A, Weinberget V, Darragh T, Smith-McCune K. Evolving 
immunosuppressive microenvironment during human cervical car-
cinogenesis. Mucosal Immunol. 2008;1(5):412-420.

	13.	 Wang H, Shao Q, Sun J, et al. Interactions between colon can-
cer cells and tumor-infiltrated macrophages depending on can-
cer cell-derived colony stimulating factor 1. Oncoimmunology. 
2016;5(4):e1122157.

	14.	 Li J, Rao H, Jin C, Liu J. Involvement of the toll-like receptor/ni-
tric oxide signaling pathway in the pathogenesis of cervical cancer 
caused by high-risk human papillomavirus infection. Biomed Res Int. 
2017;2017:7830262.

	15.	 Pahne-Zeppenfeld J, Schröer N, Walch-Rückheim B, et al. Cervical 
cancer cell-derived interleukin-6 impairs CCR7-dependent 
migration of MMP-9-expressing dendritic cells. Int J Cancer. 
2014;134(9):2061-2073.

	16.	 Kirma N, Hammes LS, Liu YG, et al. Elevated expression of the 
oncogene c-fms and its ligand, the macrophage colony-stimu-
lating factor-1, in cervical cancer and the role of transforming 
growth factor-beta1 in inducing c-fms expression. Cancer Res. 
2007;67(5):1918-1926.

	17.	 Srivani R, Nagarajan B. A prognostic insight on in vivo expression 
of interleukin-6 in uterine cervical cancer. Int J Gynecol Cancer. 
2003;13(3):331-339.

	18.	 Hess S, Smola H, Sandaradura DS, et al. Loss of IL-6 receptor ex-
pression in cervical carcinoma cells inhibits autocrine IL-6 stim-
ulation: abrogation of constitutive monocyte chemoattractant 
protein-1 production. J Immunol. 2000;165(4):1939-1948.

	19.	 Bauknecht T, Randelzhofer B, Schmitt B, Ban Z, Hernando JJ, 
Bauknecht T. Response to IL-6 of HPV-18 cervical carcinoma cell 
lines. Virology. 1999;258(2):344-354.

	20.	 Karim R, Meyers C, Backendorf C, et al. Human papillomavirus de-
regulates the response of a cellular network comprising of chemo-
tactic and proinflammatory genes. PLoS ONE. 2011;6(3):e17848.

	21.	 Karim R, Tummers B, Meyers C, et al. Human papillomavirus 
(HPV) upregulates the cellular deubiquitinase UCHL1 to sup-
press the keratinocyte's innate immune response. PLoS Pathog. 
2013;9(5):e1003384.

	22.	 Al-Saleh W, Delvenne P, Arrese JE, Boniver J, Nikkels AF, Piérard 
GE. Inverse modulation of intraepithelial Langerhans' cells and 
stromal macrophage/dendrocyte populations in human papillo-
mavirus-associated squamous intraepithelial lesions of the cervix. 
Virchows Arch. 1995;427(1):41-48.

	23.	 Heusinkveld M, de Vos van Steenwijk PJ, Goedemans R, et al. M2 
macrophages induced by prostaglandin E2 and IL-6 from cervical 
carcinoma are switched to activated M1 macrophages by CD4+ Th1 
cells. J Immunol. 2011;187(3):1157-1165.

	24.	 Prata TT, Bonin CM, Ferreira AM, et al. Local immunosuppression 
induced by high viral load of human papillomavirus: characterization 

https://orcid.org/0000-0003-0899-7346
https://orcid.org/0000-0003-0899-7346


     |  2293LIU et al.

of cellular phenotypes producing interleukin-10 in cervical neoplas-
tic lesions. Immunology. 2015;146(1):113-121.

	25.	 Pedraza-Brindis EJ, Sánchez-Reyes K, Hernández-Flores G, et 
al. Culture supernatants of cervical cancer cells induce an 
M2 phenotypic profile in THP-1 macrophages. Cell Immunol. 
2016;310:42-52.

	26.	 Dijkgraaf EM, Heusinkveld M, Tummers B, et al. Chemotherapy 
alters monocyte differentiation to favor generation of cancer-sup-
porting M2 macrophages in the tumor microenvironment. Cancer 
Res. 2013;73(8):2480-2492.

	27.	 Schroer N, Pahne J, Walch B, Wickenhauser C, Smola S. Molecular 
pathobiology of human cervical high-grade lesions: paracrine 
STAT3 activation in tumor-instructed myeloid cells drives local 
MMP-9 expression. Cancer Res. 2011;71(1):87-97.

	28.	 Walch-Ruckheim B, Mavrova R, Henning M, et al. Stromal fibro-
blasts induce CCL20 through IL6/C/EBP beta to support the re-
cruitment of Th17 cells during cervical cancer progression. Cancer 
Res. 2015;75(24):5248-5259.

	29.	 Taniguchi K, Karin M. IL-6 and related cytokines as the criti-
cal lynchpins between inflammation and cancer. Semin Immunol. 
2014;26(1):54-74.

	30.	 Gungor B, Yagci FC, Tincer G, et al. CpG ODN nanorings induce 
IFNalpha from plasmacytoid dendritic cells and demonstrate 
potent vaccine adjuvant activity. Sci Transl Med. 2014;6(235): 
235ra61.

	31.	 Levy HB, Baer G, Baron S, et al. A modified polyriboinosinic-polyr-
ibocytidylic acid complex that induces interferon in primates. J 
Infect Dis. 1975;132(4):434-439.

	32.	 Fortier ME, Kent S, Ashdown H, Poole S, Boksa P, Luheshi GN. The 
viral mimic, polyinosinic:polycytidylic acid, induces fever in rats via 
an interleukin-1-dependent mechanism. Am J Physiol Regul Integr 
Comp Physiol. 2004;287(4):R759-R766.

	33.	 Sobel DO, Goyal D, Ahvazi B, et al. Low dose poly I:C prevents diabe-
tes in the diabetes prone BB rat. J Autoimmun. 1998;11(4):343-352.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section. 

How to cite this article: Liu X, Meng L, Chen L, et al. IL-6 
expression promoted by Poly(I:C) in cervical cancer cells 
regulates cytokine expression and recruitment of 
macrophages. J Cell Mol Med. 2020;24:2284–2293. https​://doi.
org/10.1111/jcmm.14911​

https://doi.org/10.1111/jcmm.14911
https://doi.org/10.1111/jcmm.14911

