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Abstract: PolyI:C as a ligand of toll-like receptor 3 has been explored as a nucleic acid therapeutic agent for anti-
tumor therapy. The previous PolyI:C studies mainly focused on anti-tumor evaluation at cell level and anti-tumor 
mechanism involved in MyD88-independent pathway. However, there is a lack of information about the ability of 
PolyI:C to affect PI3K/Akt/p53 signaling pathway in non-small cell lung cancer (NSCLC), and its pharmacodynamic 
evaluation in vivo still remain unclear so far. In this study, we explored the anti-tumor mechanism and efficacy in vivo 
of PolyI:C in NSCLC. Our results showed that PolyI:C had the ability to inhibit tumor cell proliferation and promote cell 
apoptosis by inducing G1 cell cycle block in LL/2 and A549 NSCLC cells. In vivo animal studies also demonstrated 
that PolyI:C effectively inhibited the tumor growth, suppressed spontaneous metastasis and prolonged the survival 
time of LL/2 tumor-bearing mice. Moreover, western blotting and immunohistochemistry assays showed that its 
anti-tumor mechanism was associated with the interference with PI3K/Akt/p53 signaling pathway. Our results con-
firmed that PolyI:C increased the expression of CD80, CD86 in spleen dendritic cells of tumor-bearing mice and cyto-
kine secretion in healthy mice. Generally, our study suggests that PolyI:C can become a promising anti-tumor agent.
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Introduction

Lung cancer is the leading type of cancer 
deaths and related deaths account for 30% of 
all cancer deaths. Non-small cell lung carcino-
ma (NSCLC) is the most common type of lung 
cancer, accounting for about 85% of this can-
cer type [1]. Most patients do not survive 5 
years after diagnosis, due to advanced metas-
tasis at the time of discovery [2]. In recent 
years, although targeted therapies have bene-
fited certain subtypes of NSCLC, disease mor-
tality is still high due to chemotherapy drug 
resistance. It is now recognized that the im- 
mune system has the potential to destroy can-
cer cells and inhibit cancer cell growth through 
their innate and adaptive responses [3]. The 
innate immune response is mediated by anti-
gen presenting cells (APCs), such as dendritic 
cells (DCs), which secrete inflammatory cyto-
kines to induce the apoptosis of cancer cells 
[4]. With the rapid development of immunother-

apy such as PD1, there is a new hope for 
patients with lung cancer. Recently, immune-
therapeutics with high correlation with NSCLC 
are constantly being discovered.

Toll-like receptors (TLRs) are the most impor-
tant trans-membrane receptors in innate immu-
nity and are involved in the induction and regu-
lation of immune responses [5]. The latest 
research has suggested that TLRs found in vari-
ous tumor cells, which relate them to cancer 
development and progression [6]. Some types 
of TLRs detect tumor antigens and arouse pri-
mary anti-tumor immune response [7]. TLRs 
can further prevent the formation of inflamma-
tory tumor microenvironment by eliminating 
tumor antigens [8]. TLR3 is located in the mem-
brane of endosomes, utilizes a MyD88-inde- 
pendent pathway and recruits TIR-domain-
containing adapter-inducing interferon-β (TRIF) 
to activate AP-1, NF-κB and interferon regulato-
ry factors (IRFs) [5]. Recent evidence suggested 
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that TLR3 works as a possible therapeutic tar-
get in pharyngeal, breast, ovarian, head and 
neck, prostate, oral squamous cancer [9-15]. 
PolyI:C is a ligand for TLR3 that activates TLR3, 
protein kinase RNA (PKR), retinoic acid-induc-
ible gene-1 (RIG-1), and melanoma differentia-
tion-associated protein 5 (MDA5), induces can-
cer cell apoptosis directly and destroys the 
tumor microenvironment. In addition, polyI:C 
was shown to enhance the immunogenicity of 
tumor antigens by affecting DC maturation and 
type I interferon (IFN) [16]. These evidences 
indicate that TLR3 may be used as a therapeu-
tic target in immunotherapy of lung cancer.

PI3K/Akt plays an essential role in the regula-
tion of cell proliferation, inhibition of apoptosis, 
promotion of metastasis, and correlating with 
poor prognosis of cancer. Accordingly, blocking 
the Akt signaling pathway has been the target 
of anti-cancer therapies. The gene p53 was 
known as a tumor suppressor gene down-
stream of Akt but new insights into p53 and 
TLR suggest that p53 regulates TLR signaling in 
cancer cells, inhibiting proliferation of cancer 
cells [17]. Another study showed that polyI:C 
may cause prostate cancer apoptosis via the 
PI3K/Akt signaling pathway [18].

Previous study on the anti-tumor mechanism of 
polyI:C in lung cancer mainly focuses on the 
MyD88-independent pathway in vitro. However, 
there is a lack of information about the ability of 
polyI:C to affect signaling proteins of the PI3K/
Akt/p53 pathway in NSCLC. Additionally, the 
pharmacodynamic evaluation of polyI:C in vivo 
still remain unclear. Therefore, in this paper, we 
not only evaluated the anti-tumor effect of 
polyI:C by using LL/2 and A549 cells in vitro, 
but also evaluated the anti-tumor and anti-
metastasis efficacy in vivo in an animal tumor 
model. Most importantly, we also explored 
whether its anti-tumor mechanism is related to 
the interference with PI3K/Akt/p53 signaling in 
lung cancer. Moreover, as DC maturation is a 
key issue in cancer immunotherapy, we also 
analyzed CD80 and CD86 of spleen DC cells in 
lung cancer model mice.

Materials and methods

Materials

The PolyI:C preparations used in this study, 
named as Pamica (Ltd 20171101), were pro-

vided by Xinfu (Beijing) Pharmaceutical Te- 
chnology Co., Ltd. The PD1 (BE-0033-2-25MG) 
were provided by BioXcell. CCK8 kit was pro-
vided by DOJINDO; Annexin V-FITC Apoptosis 
Detection kit was provided by Neobioscience; 
TUNEL-POD kit was provided by Leica. All other 
reagents are of analytic grade.

Two lung adenocarcinoma cell lines, murine 
LL/2 and human A549 cell lines were received 
from the Cell Culture Center of Institute of Basic 
Medical Sciences in Chinese Academy of 
Medical Sciences. Cells were grown in DMEM 
medium supplemented with 10% FBS and 1% 
penicillin/streptomycin. All cells were incubated 
in a cell culture chamber containing 5% CO2 at 
37°C. 

RT-QPCR analysis

The harvested cells were lysed with Trizol 
reagent (Invitrogen), digesting DNA from sam-
ple RNA with DNase I (Fermentas). RNA re- 
versed transcription to cDNA using M-MLV. Real 
time qPCR was performed with 2 × Ex TaqMix, 
using a Roche Light Cycler® 480II under the fol-
lowing conditions: 95°C for 5 min, 95°C 15 
s→65°C 30 s (fluorescence detection), 45 
cycles. The primers used for RT-QPCR were as 
follows: TLR3, 5’-CCAGACCTAGCACAACTGACT- 
CC-3’ (forward) and 5’-AGCAGCCAGAAGCAGA- 
ACTACAGA-3’ (reverse); β-actin, 5’-GAGATTAC- 
TGCTCTGGCTCCTA-3’ (forward) and 5’-GGA- 
CTCATCGTACTCCTGCTTG-3’ (reverse). The qP- 
CR products were analyzed in triplicates. An- 
alysis of relative gene expression data was cal-
culated using the 2-ΔΔCT method.

Cell viability assay

LL/2 cells and A549 cells were seeded in 
96-well plates at a concentration of 7 × 103 
cells/well and 5 × 103 cells/well, and were 
placed in DMEM medium containing 10% FBS 
and maintained in a 37°C incubator for adhe-
sion. After 24 h, replaced the medium in all 
wells with fresh medium containing a range of 
different concentrations of PolyI:C, and set con-
trol and blank wells, then cultured for another 
24 or 48 hours. Afterwards, the medium of all 
wells were changed with serum-free medium 
containing 10% CCK8 reagent (DOJINDO, 
Japan), and the cells were further cultured in 
incubator for another 2 hours in the dark. 
Finally, the absorbance was detected at 450 
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nm, taking absorbance at 650 nm as a refer-
ence value through a Synergy H1 Microplate 
Reader (BioTek, U.S.A). Cell viability was calcu-
lated according to the below equation:

Equation 1: Cell viability (%) = (ODtest - ODblank)/
(ODcontrol - ODblank) × 100%

Monolayer cell proliferation 

The total number of cells was evaluated by 
monolayer cell proliferation. LL/2 cells and 
A549 cells were seeded in 6-well plates at a 
density of 5 × 104 cells/well, and were placed 
in DMEM medium with 10% FBS and main-
tained in incubator for adhesion. After 24 h, 
replaced the medium in all wells with fresh 
medium containing with DMEM only or 100 μg/
mL of PolyI:C and cultivated for 48 hours. The 
total number of cells was evaluated every 24 
hours to assess cell proliferation. Cells in each 
well were collected, and treated with trypan 
blue solution (Solarbio, U.S.A.) staining of via-
ble cells, and counted using a hemocytometer.

Annexin V-FITC/PI double staining assay

Apoptosis of LL/2 and A549 cells were quanti-
tatively determined using Annexin V-FITC/PI 
double staining assay. LL/2 cells and A549 
cells were seeded in 6-well plates at a density 
of 1 × 105 cells/well, and were placed in DMEM 
medium and maintained in incubator for adhe-
sion. After 24 h, replaced the medium in all 
wells with fresh medium containing with DMEM 
only or 100 μg/mL of PolyI:C and cultured for 
48 hours. Cells were collected and washed with 
cold PBS twice, re-suspended with Binding 
Buffer, labeled with Annexin V-FITC and PI 
(Neobioscience Annexin V-FITC Apoptosis 
Detection kit, Neobioscience, China). Apoptotic 
analysis was performed by FACSAria flow 
cytometry (BD, U.S.A) with Cell Quest software 
(BD, U.S.A).

Cell cycle analysis

Cell cycle was analyzed using flow cytometry. 
LL/2 cells and A549 cells were seeded in 6-well 
plates at a density of 1 × 105 cells/well. After 
24 h, treated with 100 μg/mL of PolyI:C or 
DMEM as control, and cultured for 48 hours. All 
cells were harvested and then re-suspended in 
75% ethanol maintaining at -20°C for 24 hours. 
After that, cells were washed with cold PBS 

twice added 100 µL RNaseA solution (Solarbio, 
USA) to the cell pellet and re-suspend the cells, 
treated in a water bath 30 minutes at 37°C. All 
cells were labeled with 400 µL PI reagent 
(Solarbio, USA) and incubated 30 min at 4°C in 
the dark. Finally, FACSAria flow cytometry (BD, 
U.S.A) was used to detect red fluorescence with 
excitation wave length of 488 nm.

Scratch wound healing assay

LL/2 and A549 cells were seeded at a concen-
tration of 5 × 104 cells/well in a 12-well plate 
for 24 hours. The confluent monolayer cells per 
well was wounded with a 200 µL pipette tip, 
washed with PBS twice and intervened with a 
PolyI:C at a concentration of 100 μg/mL. Cells 
untreated were used as controls. Monitoring 
migrate to the wound position of the two front 
gap of 0, 24 and 48 hours the cells, the cells 
and captures images of the nine fixed position. 
Gap area was measured using Image J analysis 
software.

Transwell migration and invasion assays

For the sake of detecting the influence of PolyI:C 
on migration and invasion ability of lung cancer 
cells, we used a 24-well cell culture inserts 
(3422, Corning, U.S.A). For cell migration assay, 
LL/2 and A549 cells were pre-treated with 100 
μg/mL PolyI:C or DMEM for 48 h in a 37°C incu-
bator, respectively. Then cells were harvested, 
re-suspended in FBS-free DMEM, and added at 
a density of 5 × 104 cells/well into the upper 
transwell chambers. Meanwhile, using 10% 
FBS in the bottom chamber as a chemoattrac-
tant and incubated for 24 h. Subsequently, 
untransformed cells in the upper layer of the 
membrane were cleaned up. The migrated cells 
in the underneath of transwell insert were fixed 
with anhydrous methanol, labeled with crystal 
violet for 30 min in the dark and photographed 
in different view fields under a microscope. For 
invasion assay, the Matrigel was diluted 1:5 in 
DMEM without FBS and added to the upper 
chamber, curing overnight in a 37°C incubator, 
carried out subsequent experiments according 
to the migration experiment. For quantitative 
assay, the crystal violet staining cells was dis-
solved in 33% acetic acid and their optical den-
sity values (OD) were measured at 570 nm. The 
results were normalized to the untreated LL/2 
or A549 cells. 
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Equation 2: Migration (%) = (Asample - Ablank/Acontrol 
- Ablank) × 100%

Equation 3: Invasion (%) = (Asample - Ablank/Acontrol - 
Ablank) × 100%

Western blot analysis

Added 200 μl of RIPA lysate to cell, shake vigor-
ously, incubated on ice for 20 min, sonicated, 3 
min, centrifuged at 13,000 rpm (4 degrees) for 
20 min. Protein quantification according to BCA 
method. 22 μg of protein were loaded and sep-
arated on SDS ± PAGE (10%). After transferring 
to a polyvinylidene fluoride (PVDF) membrane 
(Millipore, Billerica, MA), the membrane was 
incubated overnight at 4°C with antibody ag- 
ainst p-Akt (1:5000; abcam), Akt1/2 (1:2000; 
abcam), CyclinD1 (1:1000; abcam), p21 (1: 
1000; abcam), p53 (1:1000; abcam), Cas- 
pase-3 (1:2000; abcam) or mouse monoclonal 
antibody against β-actin (1:1000; ZS). 5% BSA-
TBST diluted secondary antibody, goat anti-rab-
bit, goat anti-mouse IgG (H+L) HRP (Jackson) 
1:10000, incubated for 40 min at room tem-
perature. ECL was added to the protein surface 
of the membrane for 3 min; film exposure: 10 
s-5 min. Relative protein levels were calculat- 
ed by normalization to β-actin as a loading 
reference.

Animal studies

Female C57BL/6 mice, 5- to 6-week-old, 16-18 
g weight were obtained from Beijing Vital River 
Laboratory Animal Technology Co., Ltd. Animal 
care and all experiments were conducted ethi-
cally approved by the Principles of Laboratory 
Animal Ethics Committee of the Institute of 
Materia Medica in Peking Union Medical 
College. 

Tumor models and treatment protocols

The lung cancer transplantation model mice 
were randomly divided into four groups (n = 6): 
PBS group, PolyI:C inhale group, PolyI:C im 
group and PD1 group. C57 Mice were injected 
subcutaneously with 1 × 106 LL/2 cells into the 
right flank. The tumor growth was checked 
daily. When the tumor volume reached 100 
mm3, 100 μL (200 μg) of PolyI:C was given by 
inhale or im every other day, or 100 μg of PD-1 
was given once a week by ip, or 100 μL of PBS 
was given by inhale every other day. The ani-

mals were monitored for tumor volume and 
weight. The tumor length and width was mea-
sured every other day with digital calipers, and 
calculated tumor volume using the formula V = 
0.5 × L × D2 where V represents tumor volume, 
L represents tumor length and D represents 
tumor width. When the average tumor volume 
of PBS group reached 2000 mm3 the animals 
were quickly killed by cervical dislocation. All 
tumor tissues were excised and weighed for 
quantitative comparison, and calculated the 
tumor inhibition rate according to the following 
formula 4. Then, tumor, lung, liver, brain tissues 
were fixed in formalin, then paraffin-embedded, 
spleen tissues were saved in PBS for follow-up 
experiment. 

Equation 4: Inhibition Rate (%) = (Tumor weight-
untreated - Tumor weighttreated)/Tumor weightun-

treated × 100%

Hematoxylin and eosin staining of organ orga-
nization

Lung, liver, brain tissues were sectioned to 5 
μm, and stained with hematoxylin and eosin. 
Histopathological examination of the stained 
samples was carried out, and the tissue slides 
were visualized and photographed at 40 × mag-
nifications under a biological microscope 
(DM4000B, Leica, Germany).

Tunel staining of transplanted tumor tumor

The apoptosis in tumor tissue was detected by 
TUNEL assay, sectioned to 4 μm, using a TUNEL-
POD kit. Histopathological examination of the 
stained samples was carried out, and the tis-
sue slides were visualized and photographed at 
40 × and 200 × magnifications under a biologi-
cal microscope (DM4000B, Leica, Germany).

Immunohistochemical analysis

Immunocytochemistry was done on formalin-
fixed, paraffin-embedded tissue sections (4 
μm). Incubated sections with PBS containing 
3% hydrogen peroxide for 30 min, then repaired 
of antigens in paraffin sections by microwave 
method. Incubated 5% goat serum for 30 min 
at room temperature, added diluted primary 
antibody. The next day, incubated the second-
ary antibody for 2 hours at room temperature. 
Added DAB and incubated 5 min, rinsed with 
PBS added hematoxylin dye solution, then 
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return to blue with PBS for 5 min. Dehydration: 
50% ethanol soak for 1-2 min, 75% ethanol 
soak for 1-2 min, 95% ethanol soak for 1-2 min; 
100% absolute ethanol soak for 1-2 min.
Transparent: xylene I is soaked for 1-2 min, and 
xylene II is soaked for 1-2 min; Neutral gum 
seals. All tissue slides were visualized and pho-
tographed at 200 × magnifications under a bio-
logical microscope (DM4000B, Leica, Ger- 
many). The primary antibody used in the experi-
ment is as follows, anti-Akt1/2 (Abcam), anti-
Akt1 (Abcam), anti-p53 (Abcam), anti-CyclinD1 
(Abcam), anti-caspase3 (Abcam), anti-p21 
(Abcam).

Flow cytometry assay

The spleen tissue was cut and transferred to a 
70 μm cell sieve, immersed in a dish containing 
5% FBS in 1640 medium, gently ground with a 
syringe stopper until the tissue was completely 
ground into individual cells and filtered through 
a sieve. Added 5 ml of 1 × RBC Lysis Buffer (10 
×) (BioLegend) and incubated for 10 minutes at 
room temperature. Then, added CD11c (Bio- 
Legend), CD80 (BioLegend), CD86 (BioLegend), 
I-A/I-E (BioLegend) antibody, incubated for 20 
minutes at room temperature. Flow cytometry 
was carried ona LSRII FACS machine (Becton 
Dickinson), using analysis software FACS 
Diva6.0.

Effects of PolyI:C on cytokines in vivo

In order to detect changes in cytokines in the 
body before and after administration, we used 
the multiplex immunoassay. Normal healthy 
C57 were randomly divided into two groups: 

PBS and PolyI:C im group. 2 h after administra-
tion, blood was taken from the posterior venous 
plexus of the mouse eye, and then quickly killed 
by cervical dislocation. Separate serum and 
saved at -80°C for subsequent experiments. 
The cytokines in serum was detected by 
Multiplex immunoassay using a ProcartaPlexTM 
kit according to the manufacturer’s protocol.

Survival analysis

Twenty-four LL/2 transplantation model mice 
were randomly divided into four groups (n = 
10): PBS group, PolyI:C inhale group, PolyI:C im 
group and PD1 group. When the tumor volume 
reached 100 mm3, 100 μL (200 μg) of PolyI:C 
was given by inhale or im every other day, or 
100 μg of PD-1 was given once a week by ip, or 
100 μL of PBS was given by inhale every other 
day. Inoculation of mice with LL/2 cells was 
considered as first day, mice were checked 
daily until they all died for 50 days.

Statistical analysis

All experiments were repeated three times. All 
data were expressed as x ± s, using indepen-
dent-samplet-tests, ANOVA and log-rank analy-
sis. P < 0.05 was considered to be significant. 
All statistical tests were two-tailed. Statistical 
analysis and graphs were created using SPSS 
Statistics 19 (version 4.0.100.1124; SPSS Inc., 
IBM Company, USA) and GraphPad Prism 5.0 
(version 5.0.0.0, GraphPad Software Inc., USA).
Image analysis used Image J (64-bit Java 
1.8.0_112).

Results and discussion

PolyI:C increased TLR3 expression in LL/2 and 
A549 cell lines

The pattern of TLR3 gene expression in lung 
cancer cells may be an indicator of susceptibil-
ity to PolyI:C. Hence, we detected TLR3 mRNA 
levels in mouse LL/2 and human A549 lung 
cancer cell lines. As shown in Figure 1, TLR3 
content was detected in both kinds of cells; 
TLR3 mRNA levels were 0.90 in LL/2 and 1.26 
in A549 relative to β-actin. In addition, the TLR3 
levels of LL/2 and A549 were elevated to 1.37 
and 1.52, respectively, when stimulated with 
PolyI:C (***P < 0.01, *P < 0.01). We concluded 
that PolyI:C stimulation increased TLR3 expres-
sion in LL/2 and A549.

Figure 1. RT-QPCR analysis of relative TLR3 mRNA 
levels in LL/2 and A549 cells after 48 hours treat-
ment with PolyI:C. NT represents non-treated. Data 
are expressed as x ± s, n = 3, **P < 0.01, ***P < 
0.001.
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Inhibitory effect of PolyI:C on LL/2 and A549 
cell proliferation 

We evaluated the influence of PolyI:C on the 
viability of lung cancer cells using the CCK-8 
cell viability assay. According to our results in 
Figure 2, PolyI:C could effectively suppress the 
viability of both LL/2 and A549 cells at a time-
dose-dependent mode within the scope of 10 
μg/mL to 200 μg/mL for 48 hours. Con- 
centration-time curve of PolyI:C illustrated that 
24 h treatment with 100 μg/mL reached 20% 
and 13% maximum killing of LL/2 and A549, 
respectively. After 48 h treatment, LL/2 dis-
played more dose-dependent cell death with 
PolyI:C, with 52% and 67% mitigation at 10 and 
100 μg/mL PolyI:C, respectively, while A549 
was 45% and 61%. These changes reflected 
the effective inhibition of PolyI:C on LL/2 and 
A549 cells proliferation. However, increasing 
PolyI:C dose did not achieve more cell death, 
hence, 100 μg/mL PolyI:C was used for all fol-
low-up studies.

It is known that, the antitumor effect of PolyI:C 
is through apoptosis and anti-proliferation on 
cancer cells [19, 20]. To determine whether 

PolyI:C reduced cell viability produced in sup-
pression of cell proliferation or induction of 
cancer cell death, we examined cell monolayer 
proliferation. We found that cell monolayer pro-
liferation of lung cancer cells could be inhibited 
by PolyI:C. After 24 h treatment, PolyI:C reduced 
the monolayer cell number of LL/2 and A549, 
respectively, to 1.47 and 1.24 times less. 
However, there was no significant difference in 
the total number of monolayer cells between 
the PolyI:C group and the NT group after 24 
hours of administration. It can be understood 
that the inhibition of proliferation of A549 in the 
PolyI:C within 24 hours was not obvious. 
Therefore, we continued to study the effect of 
PolyI:C on monolayer cells for 48 hours. We 
could observe that PolyI:C suppressed for 2.87 
and 2.07 times less of total monolayer cell 
number in LL/2 and A549 (Figure 3). For A549, 
PolyI:C also significantly inhibited the prolifera-
tion of monolayer cells after 48 hours of admin-
istration (*P < 0.01). In short, these results 
demonstrated that PolyI:C could reduce the 
multiplication time of LL/2 and A549 which 
may be related to inhibition of cell viability.

Influence of PolyI:C apoptosis and cell cycle

Next we examined apoptosis to further under-
stand the reasons for the decrease in cell via-

Figure 2. Changes in cell viability of LL/2 and A549 
cells after 24 hours and 48 hours treatment with 
different concentrations (10, 50, 100, 200 μg/mL) 
of PolyI:C. NT represents non-treated. Data are ex-
pressed as x ± s, n = 4, *P < 0.05, **P < 0.01, ***P 
< 0.001.

Figure 3. Total cell number was calculated using 
monolayer cell proliferation. Cells were treated over 
48 hours. NT represents non-treated. Data are ex-
pressed as x ± s, n = 3, **P < 0.01, ***P < 0.001.
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bility of PolyI:C-treated LL/2 and A549 cells. As 
shown in Figure 4, after PolyI:C treatment for 
48 h, late cellular apoptosis was mainly ob- 
served (upper right quadrant). The late apop-
totic cell ratio of LL/2 and A549 were (11.43 ± 
0.46)% and (20.14 ± 0.85)%, respectively, 
which were significantly increased compared to 
those in the control groups, (2.73 ± 0.61)% and 
(0.13 ± 0.06)% (***P < 0.001). In order to 
observe whether PolyI:C affects the cell cycle, 
we conducted further studies by flow cytometry 
with PI staining. As shown in Figure 5, cell cycle 
arrest analysis showed that PolyI:C could accu-
mulate LL/2 cells in G1 phase after 48 hours 
post-treatment. To the contrary, the cell ratio in 
S and G2 phases were significantly reduced. 
The total ratio of LL/2 cells at G1 was (32.01 ± 
0.09)% in PolyI:C group while it was (17.11 ± 
1.12)% in the control group (***P < 0.001). As 
far as A549 was concerned, there was also a 
G1 phase arrest, but not as obvious as LL/2, 
the G1 phase in PolyI:C group was (55.16 ± 
0.97)%, and (46.52 ± 0.58)% in the control 
group (***P < 0.001). We speculated that 
PolyI:C could arrest LL/2 cell cycle at G1 phase 
and induce apoptosis and sequentially inhibit 
cell proliferation.

properties. In the PolyI:C group, the wounds 
became narrow after 48 h incubation both with 
LL/2 and A549 cells. After 48 h incubation, the 
wound area of PolyI:C-treated LL/2 was re- 
duced from 1673025 μm2 to 902610 μm2, but 
in the control group, the value was reduced 
from 1714904 μm2 to 749944 μm2. For A549, 
the value of untreated was reduced from 
1166710 μm2 to 363945 μm2, while PolyI:C-
treated was reduced from 1067701 μm2 to 
525084 μm2. Additionally, compared to the 
control group, the motility of PolyI:C-treated 
cells were significantly decelerated, especially 
for A549 cells.

As parallel transfer capability of LL/2 was not 
obvious, we therefore examined the inhibitory 
effect on longitudinal movement by PolyI:C on 
LL/2 and A549 cells with transwell assays 
(Figure 7). As anticipated, cells in the control 
group crossed the membrane and covered the 
lower surface, which demonstrated the strong 
migratory ability of LL/2 and A549 cells. PolyI:C 
showed a certain degree of inhibition of migra-
tion, and the ratio of LL/2 and A549 on the 
lower surface was (85.80 ± 3.31)% and (82.96 
± 1.27)% (P < 0.05). It is worth pointing out the 

Figure 4. Apoptosis of LL/2 and A549 were determined with Annexin V-FITC/
PI staining assay, after 48 hours administration. Data are expressed as x ± 
s, n = 3.

Influence of PolyI:C on cell 
motility in vitro

The migration and invasion of 
cancer cells can cause them 
to metastasize to other organs 
[21]. According to one report, 
PolyI:C suppresses metasta-
size in human lung cancer 
cells [22]. By performing scr- 
atch wound healing assay, 
transwell migration and inva-
sion assays, we displayed the 
anti-metastatic effects of Po- 
lyI:C on LL/2 and A549 in 
vitro. In order to investigate 
the interfering effect of PolyI:C 
on the parallel movement of 
cells, a scratch wound healing 
assay was carried out. Our 
results showed that (Figure 6), 
the wound gap in control 
group was almost completely 
healed in A549 cells, but in 
LL/2 cells healing was not 
obvious, indicating that A549 
cells had superior metastatic 



Anti-tumor evaluation against NSCLC using PolyI:C

1926 Am J Transl Res 2019;11(4):1919-1937

migration ability of LL/2 and A549 cells we- 
re significantly inhibited after treatment with 
PolyI:C. We also examined whether PolyI:C 
inhibits the invasiveness of lung cancer cells by 
using matrigel invasion assays. As the figure 
shows, images of cells on the lower surface of 
the matrigel membrane, means both kinds of 
cells had some invasive ability, especially for 
A549. The cells treated with PolyI:C showed 
anti-invasive ability in the traversal of matrigel 
membrane, and the percentages of invasive 
ability were (58.09 ± 1.34)% in LL/2 and (82.25 
± 2.24)% in A549. These outcomes imply that 
PolyI:C is resistance to metastatic, it sup-
pressed the metastatic potential of LL/2 and 
A549 cells, and the inhibition of LL/2 invasion 
was more obvious.

Anti-tumor effect of PolyI:C in vivo

The antitumor efficacy of PolyI:C against murine 
lung cancer was investigated to make a thor-
ough inquiry the antitumor potential of PolyI:C 

in vivo. LL/2 cells were planted into the right 
forelimb armpit of female C57BL/6 mice to 
establish a murine lung cancer transplanted 
tumor model. When the tumor volume reached 
about 100 mm3, PolyI:C solution and PBS as 
negative control was respectively administered 
to tumor-bearing mice for anti-tumor treatment. 
Moreover, to understand the anti-tumor activity 
of PolyI:C compared to what is actually used as 
anti-cancer therapeutic, a well-known anti-can-
cer agent, PD1 for positive control group. To 
monitor tumor growth, a Vernier caliper was 
used to measure tumor volumes every other 
day. The tumor volume (Figure 8) shows that 
the tumors of mice in PBS group grew very fast, 
but the tumors in treatment groups resulted 
slower. Moreover, the results of both im and 
inhale PolyI:C groups were less than the PD1 
group. 

After the last measure of tumor volume was 
completed, the mice were sacrificed and the 

Figure 5. Cell cycle was analyzed by flow cytometry after 48 hours administration. Data are expressed as x ± s, n = 3.
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tumor tissues were exfoliated to compare 
tumor weight. As seen in Figure 9, the mean 
tumor weight in both PolyI:C groups were signifi-
cantly smaller than that in PBS and PD1 group. 
The respective inhibition rates of im and inhale 
groups were 51% and 39%, higher than PD1 
group which was 15%. In order to clarify the tox-
icity of PolyI:C in vivo, we monitored the body 
weight of the mice. We observed weight loss in 
the mice within the inhale group was not obvi-
ous, but from the seventh administration, the 
weight of mice in the im group decreased sig-
nificantly, and there was statistical significance 
(Figure 8) (*P < 0.05). From this result, we con-
cluded that a side effect of PolyI:C is weight 

loss, however, compared with im group, inhale 
group has poor anti-tumor effect with no weight 
loss. Finally, TUNEL assay was performed to 
explore the apoptosis and necrosis in tumor tis-
sues (Figure 10). Tumor cell quantity decreased 
in all treatment groups. More brown cells could 
also be found in the im group compared to the 
inhale group, as well as more induced apopto-
sis and necrosis in tumor tissues and tumor 
growth inhibition.

Anti-spontaneous metastasis activity of PolyI:C

It is understood that multiple organ metasta-
ses often occur in the late stage cancers, and 

Figure 6. Cell motility measured using wound healing assay after 48 hours administration. Samples were pictured 
(magnification: × 200) at different time points (0 h, 24 h, 48 h) after treatment. Wound area was analyzed using 
Image J software (64-bit Java 1.8.0_112), for comparing wound recovery. NT represents non-treated. Data are ex-
pressed as x ± s, n = 3, (*P < 0.05, **P < 0.01).
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LL/2 subcutaneous transplanted tumor primar-
ily metastasizes to the lung, then to the liver. 
Likewise, our H&E staining results further pro- 
ved this. As illustrated in Figure 11, in terms of 
lung tissue, there existed a huge tumor metas-
tasis loci in the PBS group and a smaller one in 
the both of PolyI:C inhale and PD1 groups while 
there was none in the lung of PolyI:C im group. 
However, PolyI:C im group has precursor of 
tumor formation. In addition, pulmonary edema, 
capillary hyperplasia around the metastasis, 
alveolar septal thickening and alveolar struc-
ture destruction were severe in the lungs of all 
groups. These developments can be seen in 
liver tissue H&E staining where small nodular 
cancer metastases were present in all groups 
except the PolyI:C im group. But the liver metas-
tasis of the PD1 group was less than that of the 
PBS and the PolyI:C inhale groups, and the 

PolyI:C inhale group was less than the PBS 
group. In addition, no obvious metastases were 
seen in the four groups of brain tissues (images 
were taken at × 40 and × 200 magnification).

Influence of PolyI:C on survival time of trans-
planted tumor mice

To examine the speculated influence of polyI:C 
on anti-tumor and anti-metastasis, we further 
investigated its influence on survival time of 
LL/2 transplanted tumor mice. The log-rank 
analysis (Figure 12) showed that PolyI:C im and 
inhale groups prolonged mouse median surviv-
al to 44 days and 31 days, respectively, versus 
25 days for the PBS group. In addition, survival 
time of the PD1 group was also significantly 
extended to 42 days. Therefore, it was illustrat-
ed that PolyI:C was obviously prolonged and 

Figure 7. Cell migration and invasion of LL/2 
and A549 were checked by transwell migra-
tion/invasion assay. Cells in lower surface of 
insert were stained with crystal violet. Sam-
ples were pictured (magnification: × 200) 
and the absorption value was confirmed. NT 
represents non-treated. Data are expressed 
as x ± s, n = 3, (**P < 0.01).
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Figure 8. A. Tumor volume of mice transplanted tumor model changes over time during the experiment. B. Mice 
weight changes after inoculated LL/2 cells during the experiment. Data are expressed as x ± s, n = 6; *P < 0.05 
versus the PBS group.

Figure 9. Tumor weight of 21 days post-inoculated 
with LL/2. Comparison of tumor weights in each 
groups. Data are expressed as x ± s, n = 6, *P < 
0.05, **P < 0.01, ***P < 0.001.
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survival time of LL/2 transplanted tumor mice 
by im, even with a side effect of weight loss.

Influence of PolyI:C on CD80, CD86 of tumor-
bearing mice

Dendritic cells (DCs) are extremely specialized 
antigen-presenting cells with the distinctive 
ability to establish and regulate primary im- 
mune responses [23]. The role of dendritic cells 
in presenting tumor antigens is very important 
in tumor immunity. The main purpose of inocu-
lation of tumor vaccines is to enable tumor anti-
gens to enter DCs and provide conditions for 
optimal maturation to become effective im- 
mune-stimulating APCs [24]. DCs capture and 
process antigens to present in the context of 
MHC molecules. Matured DCs up-regulate 
major histocompatibility complexes (MHC) I 
and II molecules and co-stimulatory molecules 

mice, and similar results were detected (Figure 
13). As for the results regarding CD11c, the 
intramuscular PolyI:C group was 7.85% and the 
PBS group was 4.96%, while the positive rate of 
isotype control was 6.02%. Lung cancer may 
reduce the DC cells of spleen tissue, but PolyI:C 
up-regulated the DC cells of spleen tissue.

Then, we studied the positive rate and MFI of 
CD80 and CD86. From these results, we can 
see that the mice with lung cancer have 
increased CD80 and CD86 compared with the 
same type of contrast. When the CD80 positive 
rate and MFI of the isotype control were 0.25% 
and 68.49, respectively, the PBS group were 
raised to 13.60% and 785.9. However, the 
PolyI:C im group was 20.16% and 1210.76, sig-
nificantly higher than the PBS group; the results 
for CD86 were the same. The CD80 positive 
rate and MFI of the isotype control were 0.73% 

Figure 10. Observe tumor apoptosis. Paraffn-embedded tumor sections af-
ter TUNEL, scale bar = 120 μm, and the apoptotic cells shown in brown.

CD86 and CD80 as well as 
promotes tumor T cell infiltra-
tion [25]. Gavin et al. have 
suggested that engaging other 
pathogen-sensing receptors 
might be more useful in DC 
vaccination [26]. Enhanced 
stimulation of DC maturation 
by TLRs is a key issue in can-
cer immunotherapy [27].

PolyI:C is the ligand of TLR3 
and many cytoplasmic RNA 
sensors in DC [28]. PolyI:C has 
been shown to promote matu-
ration of human DC cells in 
vitro, suggesting that it is likely 
to be an adjuvant for DC-based 
immunotherapy. TLR3, the re- 
ceptor for double-stranded 
RNA, binds to the cohesive 
protein TRIF. This pathway ulti-
mately activates TRAF3 and 
IRF3, leads to the secretion of 
CD40, CD80, CD86 [29]. More 
studies have shown that Po- 
lyI:C can effectively up-regu-
late the MHC class I and class 
II, CD83, CD86 and CD40 mol-
ecules in healthy subjects and 
patients with stage III/IV ovar-
ian cancer [30]. Therefore, we 
analyzed CD80 and CD86 of 
splenic DC cells in lung can-
cer-transplanted tumor model 
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and 135.97, the PBS group were 1.67% and 
221.38, the PolyI:C im group were 4.01% and 
353.20. In summary, the activation of TLR3 sig-
naling with PolyI:C enhances DC maturation 
and up-regulated levels of MHC Class II, CD80 
and CD86 molecules on DCs of spleen tissue 
further stimulated T cells in vivo.

Effect of PolyI:C on secretion of inflammatory 
cytokines in healthy mice

TLR3 signaling is known to utilize a MyD88-
independent and NF-κB-dependent pathway, 
recruiting TRIF to activate TRAF6 and RIP1, and 

Figure 11. Observe the metastasis of various organs by H&E staining. Paraffn-embedded lung, liver, brain sections 
after H&E. Red arrows represent micrometastasis loci in liver. Images were taken at × 40 magnification, scale bar 
= 120 μm. 

Figure 12. Kaplan-Meier survival curves of LL/2 
transplanted tumor model. n = 10, *P < 0.05, PolyI:C 
inhale group versus the PBS group; ***P < 0.001, 
PolyI:C im group versus the PBS group.
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AP-1 activation involves TRAF6 and RIP1.
Activated AP-1 secretes some inflammatory 
cytokines like TNF-α, and then recruits leuko-
cytes, ultimately stimulates the anti-cancer 
immune responses [31, 32]. Therefore, we 
examined the effects of PolyI:C on cytokines in 
healthy mice to mitigate the effects of tumor 

microenvironment on cytokines. The results 
showed that the secretion of TNF-α, IL-2, IL-4, 
IL-6 caused a marked change after 2 h of 
PolyI:C-treated in vivo, especially for TNF-α and 
IL-6 Figure 14. Our results indicated that PolyI:C 
can induce a series of chemokines in vivo to 
enhance immune stimulation. TNF-α can also 

Figure 13. A. The positive rate of CD11c in spleen DC cells in LL/2 trans-
planted tumor model mice. B. The positive rate of CD80 in spleen DC cells in 
LL/2 transplanted tumor model mice. C. The positive rate of CD86 in spleen 
DC cells in LL/2 transplanted tumor model mice. D. The MFI of CD80 in 
spleen DC cells in LL/2 transplanted tumor model mice. E. The MFI of CD86 
in spleen DC cells in LL/2 transplanted tumor model mice. The experiment 
measured by flow cytometry. Data are expressed as x ± s, n = 6, **P < 0.01, 
***P < 0.001.
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cause cancer cell apoptosis by inducing activa-
tion of caspase 7/3 [33].

PI3K/Akt/p53 pathway is involved in PolyI:C-
induced anti-tumor effects

Studies have shown that TLR3 regulates NF-κB, 
MAPK and JAK-STAT signaling pathways in 

group to study whether the anti-tumor effect in 
NSCLC of PolyI:C is enhanced by inactivating 
the PI3K/Akt signaling pathway in vitro and in a 
transplanted tumor mouse model (Figure 17). 
We studied the influence of PolyI:C treatment 
on phosphorylation of Akt and found that, 
phosphorylation was inhibited both in LL/2 and 
A549 cells. PI3K/Akt/mTOR pathway increased 
expression of cyclinD1 [38]. Additionally, Akt 
suppresses the expression of p21 and p53, 
which also serve as negative regulators of the 
cell cycle [39, 40], then promotes the expres-
sion of cyclinD1 [41]. To clarify the potential 
molecular mechanisms of PolyI:C blocking G1 
phase, we analyzed the expression of partial 
cycle-associated protein. 

As Figure 15 shows, after PolyI:C treated, the 
expression of protein p21 and p53 were 
increased, in contrast the cyclinD1 expression 
was inhibited. G1 phase progression is con-
trolled by cyclinD1 [42]; PolyI:C blocked cells in 
the G1 phase by reducing cyclinD1, which con-
sistent with the results of our cell cycle assay 
using flow cytometry. Akt prevents cancer cell 
death by reducing the expression of apoptotic 
precursors, such as p53 and caspase 3. We 
examined the expression of pro-apoptotic mol-
ecules in the presence and absence of PolyI:C. 
PolyI:C treatment promoted the expression of 
p53 and cleaved caspase3,and significant 
changes were observed in the expression of 
caspase 3 both in LL/2 and A549. This means 
PolyI:C can induce p53-caspase-dependenta-

Figure 14. Changes of cytokines in healthy mice after 2 hours of PolyI:C ad-
ministration. NT represents PBS administration. The experiment determined 
using Multiplex immunoassay. Data are expressed as x ± s, n = 3, *P < 0.05, 
**P < 0.01, ***P < 0.001.

Figure 15. Using western blot analysis studied the ex-
pression of cell cycle and apoptosis-related proteins 
in LL/2 and A549 cell lines. - represents untreated, 
+ represents treated with PolyI:C. 

immune cells (Figure 16) [22, 
34, 35]. In many malignant 
tumors, the PI3K/Akt pathway 
participated in multiple cellu-
lar functions, including cell 
growth, division, proliferation, 
anti-apoptosis, motility, inva-
sion and intracellular traffick-
ing [36]. Inhibition of Akt phos-
phorylation was reported to 
induce apoptosis and to have 
an effect on the cell cycle, 
thereby inhibiting tumor gro- 
wth in NSCLC [19]. Findings by 
Harashima et al. demonstrat-
ed that TLR3 signaling inhibits 
proliferation and triggers ap- 
optosis of prostate cancer 
cells partially through blocking 
of the PI3K/Akt pathway [37]. 
These data convinced our 
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poptosis of LL/2 and A549,by reducing the 
expression of p-Akt.

The same results were obtained by immunohis-
tochemistry and the positive staining area was 
calculated in Figure 18. The positive staining 
area of p-Akt and cyclinD1 in PolyI:C intramus-
cular group were reduced compared to the PBS 
group, while those for p53, p21 and caspase 3 
were increased. In general, PolyI:C treatment 

regulated PI3K/Akt/p53 signaling pathway and 
changed the expression patterns of cell death- 
and proliferation-related molecules consistent 
with apoptosis and growth stagnation.

Conclusions

In summary, PolyI:C is an effective immun-
emodulator. We used LL/2 and human NSCLC 
cells A549 to determine the antitumor effect of 

Figure 16. Toll-like receptor 
3 signaling.

Figure 17. PI3K/Akt signal-
ing pathway.
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PolyI:C in vitro, and in vivo using the LL/2 
murine lung cancer model. PolyI:C effectively 
impacts on cellular proliferation, migration and 
invasion, G1 phase blocking and apoptosis in 
LL/2 and A549 cancer cells by regulating Akt 

kin 4; IL6, interleukin 6; TNF-α, tumor necrosis 
factorα; MDA5, melanoma differentiation asso-
ciated gene 5; TUNEL, terminal deoxynucleoti-
dyl transferase-mediated dUTP-biotin nick end 
labeling assay.

Figure 18. Using immunohistochemical analysis studied the expression of 
cell cycle and apoptosis-related proteins in tumor tissues. Images were tak-
en at × 200 magnification.

and downstream molecules in 
vitro. More importantly, it sig-
nificantly suppressed tumor 
development and metastasis, 
prolonged survival times, up-
regulated levels CD80 and 
CD86 molecules of LL/2 tu- 
mor-bearing mice, although 
there was a side effect of 
weight loss. Toll-like receptor 
research could lead to a new 
form of cancer immunothera-
py. Therefore, a better under-
standing of the mechanism of 
PolyI:C in NSCLC as a poten-
tial anti-tumor agent is ess- 
ential.
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