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Abstract. Toll‑like receptors (TLRs) are critical in the 
induction of the immune response in tumor development. 
TLR7 has previously been demonstrated to be associated 
with the development of pancreatic cancer, and the release 
of cytokines and chemokines from other types of cancer 
cell; however, the specific expression induced by TLR7 
agonists in pancreatic cancer cells remains to be elucidated. 
The present study aimed to investigate the effects of the 
TLR7 agonist, gardiquimod, on ERK1/2 signaling pathway, 
and on the expression of genes involved in the pathogen-
esis of cancer, including phosphatase and tensin homolog 
deleted on chromosome 10 (PTEN), p53, type Ⅲ interferon 
(IFN‑λ1), vascular endothelial growth factor (VEGF), 
matrix metalloproteinase 9 (MMP‑9) and tissue inhibitor 
of metalloproteinase 1 (TIMP‑1). The results demonstrated 
that activation of TLR7 upregulated the expression levels 
of certain genes to varying degrees; the expression levels 
of IFN‑λ1 and MMP‑9 were increased by ~3 fold, whereas 
other genes (p53, PTEN, TIMP‑1) were upregulated by 
~2 fold, and VEGF was marginally upregulated after 10 min. 
Furthermore, gardiquimod increased the expression levels 
of phosphorylated‑extracellular signal‑regulated kinase 
(ERK)1/2. In addition, PD98059, a specific inhibitor of 
ERK phosphorylation, inhibited the ability of gardiquimod 
to activate ERK1/2; consequently weakening the effect of 
gardiquimod on gene regulation. These findings indicated 
that the effect of TLR7 agonists, including gardiquimod, on 
gene expression in BxPC‑3 pancreatic cancer cells was partly 

associated with the mitogen‑activated protein kinase‑ERK1/2 
signaling pathway.

Introduction

Toll‑like receptors (TLRs), which exhibit homology with 
the Drosophila Toll protein  (1), are crucial and central in 
the detection and elimination of invading pathogens (2). At 
present, 11 TLRs have been identified in mammals and 10 
TLRs have been found in humans  (1‑3). TLR7 recognizes 
single‑strand RNA or synthetic agonists, including imiquimod 
and its derivatives (4). Gardiquimod is a small molecule of the 
imidazoquinoline compounds and a derivative of imiquimod, 
which is reported as being recognized by TLR7 and is 
~10 times more effective than imiquimod (4,5). Activation 
of TLR7 initiates a signaling cascade, including MyD88 and 
nuclear factor‑κB signaling molecules, which consequently 
leads to activation of the downstream mitogen‑activated 
protein kinase (MAPK) signaling pathway, secretion of cyto-
kines and expression of co‑stimulatory molecules (6).

Pancreatic cancer is one of the most aggressive and life 
threatening types of malignancy (7). Despite its low incidence 
in developed countries, pancreatic cancer is associated with 
poor survival rates (8). Due to its highly invasive and migra-
tory potential, pancreatic cancer is ranked as the fourth most 
common cause of cancer‑associated mortality in the United 
Kingdom (7). With the development of molecular biology, the 
association between immunotherapy and cancer, including 
pancreatic cancer, is improving (7,9). It is well known that 
oncogenes and tumor suppressor genes control the prolifera-
tion, differentiation, migration, invasion and apoptosis of tumor 
cells (10). Interferon type III (IFN‑λ1), also termed interleukin 
(IL)‑29 and similar to type I and type Ⅱ  IFNs, is a novel 
broad spectrum antiviral agent, which affects cell growth and 
differentiation, adjusts immune function and exerts several 
types of biological activity (11). p53 is a significant tumor 
suppressor, and inactivation of the p53 gene is important in 
tumor formation (12). Phosphatase and tensin homolog deleted 
on chromosome 10 (PTEN) is another key tumor suppressor, 
which is crucial in cell migration and regulates cell survival 
signaling via the phosphoinositide 3‑kinase/Akt pathway (13). 
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Vascular endothelial growth factor (VEGF) is the most effec-
tive promoter of vascular growth factors, which are associated 
with cancer growth and metastasis (14). Matrix metallopro-
teinase 9 (MMP‑9) is a member of the zinc metalloproteinase 
family, which is important in cell invasion (15). Metastasis and 
tissue inhibitor of metalloproteinases (TIMPs) are inhibitors 
of MMPs, which are involved in innate immune defense and 
apoptosis (16,17), and are commonly involved in the control of 
tumor development.

Several studies have demonstrated that activation of 
TLRs not only provides the possibility for the resolution of 
inflammation, but are also crucial in cancer (18,19). Studies 
have reported that TLR7 is important in the pathogenesis of 
pancreatic cancer (20); however, the effect of TLR7 on gene 
expression remains to be elucidated. The present study aimed 
to observe the effects of the gardiquimod TLR7 agonist on the 
ERK1/2 signaling pathway, and on the expression of genes, 
including IFN‑λ1, p53, PTEN, VEGF, MMP‑9 and TIMP‑1.

Materials and methods

Reagents. The BxPC‑3 human pancreatic cancer cell line was 
purchased from the Shanghai Cell Bank of Chinese Academy 
of Sciences (Shanghai, China). Gardiquimod was obtained 
from Invivogen, Inc. (San Diego, CA, USA). Antibodies 
targeting phosphorylated (p)‑ERK1/2 were purchased from 
OriGene Technologies (Beijing, China), and those for ERK1/2 
and β‑actin were purchased from Santa Cruz Biotechnology, 
Inc. (Dallas, TX, USA). Primers for GAPDH, IFN‑λ1, p53, 
PTEN, VEGF, MMP‑9 and TIMP‑1 were obtained from 
Takara Biotechnology Co., Ltd. (Dalian China).

Cell culture. The BxPC‑3 cells were cultured in RPMI 1640 
medium supplemented with 10% fetal bovine serum (FBS), 
100  U/ml penicillin and 100  U/ml streptomycin (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C in 
an atmosphere containing 5% CO2.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). The BxPC‑3 cells (3x104/ml) were seeded 
into 24‑well plates at 37˚C in a 5% CO2 atmosphere for 48 h. 
Following a 48 h culture, followed by 1 day of culture in 
FBS‑free media, the cells were treated with gardiquimod 
(3 µg/ml) for a range of durations (0, 0.2, 0.5, 1, 3, 6, 12, 
24 or 48 h). Total RNA was extracted from the cells using 
TRIzol® reagent (Invitrogen Life Technologies, Carlsbad, 
CA, USA). Reverse transcription of the RNA to cDNA 
was performed using a PrimeScript™ II 1st Strand cDNA 
Synthesis kit (cat. no.  6210A/B; Takara Biotechnology 
Co., Ltd.). The qPCR was subsequently performed using 
SYBR  Premix Ex TaqⅡ Perfect Real Time kit (Takara 
Biotechnology Co., Ltd.). The primer sequences are listed 
in Table  I. The cDNA samples were amplified using the 
Applied Biosystems 7500 Real‑Time PCR system (Applied 
Biosystems Life Technologies, Foster City, CA, USA) with 
the following cycling conditions: Pre‑denaturation at 95˚C 
for 5 sec, followed by 40 cycles of denaturation at 95˚C for 
5 sec, annealing at 95˚C for 10 sec and extension at 60˚C for 
60 sec. Operation dissolution curves were then constructed 
using SDS software version 2.0 (Applied Biosystems Life 

Technologies). The relative gene expression was calculated 
using the 2‑ΔΔCt method.

Western blot analysis. The BxPC‑3 cells (3x104/ml) were 
incubated in 24‑well plates at 37˚C in a 5% CO2 atmosphere 
for 48 h. At a confluence of 70‑80%, the cells were cultured 
in FBS‑free RPMI 1640 at 37˚C in a 5% CO2 atmosphere 
for 1 day, prior to treatment with gardiquimod (3 µg/ml) for 
0, 0.2, 0.5, 1, 3, 6, 12, 24 or 48 h. Following three washes 
with cold phosphate‑buffered saline, the cells were treated 
with radioimmunoprecipitation assay buffer containing 
1  mM phenylmethylsulfonyl f luoride (Sigma‑Aldrich, 
St. Louis, MO, USA) for 30 min in an ice‑water bath. The 
protein concentration was determined and adjusted using a 
Bicinchoninic Acid kit (Sigma‑Aldrich). Equal quantities of 
proteins (10 µg) were separated using 12% gel electrophoresis 
(Sigma‑Aldrich), and subsequently transferred to polyvi-
nylidene fluoride membranes (EMD Millipore, Billerica, MA, 
USA). The membranes were then blocked with 5% non‑fat milk 
for 2 h at room temperature in Tris‑buffered saline with Tween 
(TBST; Nanjing Sunshine Biotechnology Co., Ltd., Nanjing, 
China). Following washing with TBST, the membranes were 
incubated with monoclonal mouse anti‑human anti‑β‑actin 
(1:500; sc‑8342), polyclonal mouse anti‑human anti‑p‑ERK1/2 

Table I. Reverse transcription‑quantitative polymerase chain 
reaction primer sequences used in the present study.

Gene	 Primer sequence

GAPDH
  Forward	 5'AGATCATCAGCAATGCCTCCTG
  Reverse	 5'ATGGCATGGACTGTGGTCATG
IFN‑λ1
  Forward	 5'AAGTGGAAGAGTGTGCGGAAC
  Reverse	 5'AATAGGGTCTTGTTTCCGGCC
p53 
  Forward	 5'CAGCCAAGTCTGTGACTTGCAC
  Reverse	 5'AGACCATCGCTATCTGAGCAGC
VEGF 
  Forward	 5'CTCTACCTCCACCATGCCAAGT
  Reverse	 5'TCGATTGGATGGCAGTAGCTG
MMP‑9
  Forward	 5'GGTGATTGACGACGCCTTTG
  Reverse	 5'GGACCACAACTCGTCATCGT
TIMP‑1
  Forward	 5'TCTGCAATTCCGACCTCGTC
  Reverse	 5'CTGTTCCAGGGAGCCACAAA
PTEN
  Forward	 5'CAGCAGCTTCTGCCATCTCT
  Reverse	 5'TGCTTTGAATCCAAAAACCTTACT

IFN‑λ1, interferon type III; VEGF, vascular endothelial growth factor; 
MMP‑9, matrix metalloproteinases  9; TIMP‑1, tissue inhibitor of 
metalloproteinase 1; PTEN, phosphatase and tensin homolog deleted 
on chromosome 10.
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(1:500; TA324783) and monoclonal mouse anti‑human 
ERK1/2 (1:1,000; sc‑135900) primary antibodies overnight 
at 4˚C. The membranes were then incubated with secondary 
antibodies, and the products were detected using enhanced 
chemiluminescence (SuperSignal‑West Femto Trial kit; Pierce 
Biotechnology, Inc., Rockford, IL, USA). Quantity One 1‑D 
image analysis software (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA) was used to quantitatively analyze the densitometry 
of the blots. This experiment was repeated at least three times.

Statistical analysis. All experiments were repeated at least 
three times, with representative results presented, data are 
expressed at the mean ± standard deviation. SPSS 13.0 soft-
ware (SPSS, Inc., Chicago, IL, USA) was used for all statistical 
analyses. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Gardiquimod upregulates the expression of IFN‑λ1, p53, 
PTEN, VEGF, MMP‑9 and TIMP‑1 in BxPC‑3 cells. To 
determine the effects of gardiquimod on gene regulation in 
BxPC3 cells, RT‑qPCR was performed to analyze the mRNA 
expression levels of various genes. As shown in Fig. 1, these 
genes were upregulated at different time‑points during 
the 24  h treatment period. Treatment with gardiquimod 
(3 µg/ml) upregulated the expression levels of IFN‑λ1, with 
the highest peak detected at 24 h, compared with the control 
group (P<0.01; Fig. 1A). The expression levels of p53 and 
PTEN exhibited an increasing trend, reaching a peak at 24 h, 
compared with the control group (P<0.05; Fig. 1B and C). 

The expression level of VEGF increased marginally at 
10 min; however, the expression levels reduced after 10 min, 
with the lowest expression detected at 12 h (P<0.01; Fig. 1D). 
The expression of MMP‑9 was highest at 1 h, and the rela-
tive mRNA expression levels at 12 h were 3.5‑fold higher, 
compared with the control group (P<0.01; Fig.  1E). The 
lowest expression levels of MMP‑9 were detected at 24 h. 
In addition, the expression levels of TIMP‑1 increased, 
compared with the blank control, with the peak level of 
expression detected at 6 h (P<0.05; Fig. 1F).

Gardiquimod induces the activation of ERK1/2 in BxPC‑3 
cells. In order to analyze whether gardiquimod induces 
activation of the ERK1/2 signaling pathway, western blot 
analysis was performed to detect alterations in the expres-
sion of ERK1/2. As shown in Fig. 2A and B gardiquimod 
activated the phosphorylation of ERK1/2 to p‑ERK1/2 in 
a time‑dependent manner in the BxPC‑3 cells. The protein 
expression levels of p‑ERK1/2 increased after 6 h treatment 
with gardiquimod, and this effect continued to 48 h. However, 
the effects of gardiquimod over a longer treatment duration 
were not examined.

Gardiquimod‑induced upregulation of downstream gene 
expression in BxPC‑3 cells is partially dependent on the 
activation of ERK1/2. As shown in Fig. 2A and B, treatment 
with gardiquimod activated the ERK1/2 signaling pathway. 
In order to determine the association between activation 
of ERK1/2 and the expression of the activated genes, the 
cells were co‑treated with gardiquimod (3 µg/ml) and the 
ERK1/2‑specific inhibitor, PD98059 (100 µM). The effects 

Figure 1. Gardiquimod induces the expression of several genes, as determined using RT‑qPCR. The BxPC‑3 human pancreatic cancer cells were treated with 
gardiquimod (3 µg/ml) for the indicated time-periods (0, 0.2, 0.5, 1.0, 3.0, 6.0, 12 and 24 h). Total cellular RNA was extracted and was used to synthesize 
cDNA using reverse transcription. Subsequently, the mRNA expression levels of genes were determined using RT‑qPCR, and GAPDH was used as a control. 
The mRNA expression levels (A) IFN‑λ1, (B) p53, (C) PTEN, (D) VEGF, (E) MMP‑9 and (F) TIMP‑1 were determined. The results were obtained from 
three separate experiments (*P<0.05 and ▲P<0.01, vs. 0 h); data are expressed as the mean ± standard deviation. RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction; INF, interferon; PTEN, phosphatase and tensin homolog deleted on chromosome 10; VEGF, vascular endothelial growth factor; 
MMP, matrix metalloproteinas; TIMP, tissue inhibitor of metalloproteinase.
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of PD98059 on p‑ERK1/2 in the signaling pathway, and 
on the mRNA expression levels of IFN‑λ1, p53, PTEN, 
VEGF, MMP‑9 and TIMP‑1 were examined. As shown in 

Fig. 2C and D the ERK1/2 signal pathway was inhibited 
by PD98059. The mRNA expression levels of the genes 
decreased markedly in the cells treated with PD98059 either 

Figure 3. Effect of PD98059 (PD) on the gene expression of BxPC‑3 human pancreatic cancer cells treated with gardiquimod (3 µg/ml). The BxPC‑3 cells were 
pre‑treated with PD (100 µmol/l) for 1 h, followed by treatment with G (3 µg/ml) for the indicated durations. Reverse transcription‑quantitative  polymerase chain 
reaction was used to detect the mRNA expression levels of (A) IFN‑λ1, (B) p53, (C) PTEN, (D) VEGF, (E) MMP‑9 and (F) TIMP‑1. The results were obtained 
from three separate experiments; data are expressed as the mean ± standard deviation; *P<0.05 and ▲P<0.01 vs. 0 h. INF, interferon; PTEN, phosphatase and tensin 
homolog deleted on chromosome 10; VEGF, vascular endothelial growth factor; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinase.

Figure 2. Activation of TLR7 by gardiquimod induces the phosphorylation of ERK1/2, which is inhibited by specific inhibitors. (A) BxPC‑3 human pancreatic 
cancer cells were treated with gardiquimod (3 µg/ml) for different durations (0, 0.2, 0.5, 1.0, 3.0, 6.0, 12 or 24 h). Total cellular proteins were extracted and were 
used to determine the protein expression levels of pERK1/2 using western blotting, with total ERK1/2 used as a control. (B) Band intensities of the western blot 
were determined using Quantity One software. The intensity of the target bands (pERK1/2) were normalized to the control bands (total ERK1/2). (C) Cells 
were pre‑treated with PD98059 (100 µmol/l) for 1 h and treated with gardiquimod (3 µg/ml) for 6 h. The expression levels of p‑ERK1/2 and total ERK1/2 
were detected using western blotting. (D) Band intensities of the western blot were determined using Quantity One software. The results are representative 
of three separate experiments; data are expressed as the mean ± standard deviation; *P<0.05 and ▲P<0.01 vs. 0 h. TLR, Toll‑like receptor; ERK, extracellular 
signal‑regulated kinase; pERK, phosphorylated ERK; G, gardiquimod; PD, PD98059.
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alone or in combination with gardiquimod, compared with 
the cells in the gardiquimod‑alone or blank control groups 
(Fig. 3). When the ERK1/2 signaling pathway was inhibited, 
the mRNA expression levels of MMP‑9 were markedly 
decreased, regardless of whether the cells were treated with 
gardiquimod or not. The expression levels of IFN‑λ1, p53, 
PTEN and TIMP‑1 also reduced, however, these reductions 
in expression were lower than that of MMP‑9. These results 
suggested that the effect of gardiquimod on MMP‑9 may 
be predominantly involved with the activation of ERK1/2; 
whereas the effects on IFN‑λ1, p53 and PTEN and MMP‑9 
and TIMP‑1 may be only partially associated with the ERK1/2 
pathway. In addition, as only marginal changes in the expres-
sion levels of VEGF were observed following treatment with 
gardiquimod, the regulation of VEGF by gardiquimod may 
not be associated with the ERK1/2 activation.

Discussion

TLRs are an important family of pattern‑recognition recep-
tors, which can initiate innate immunity and induce tumor cell 
death directly, or activate the adaptive immune system (18,19). 
TLR7 can initiate the activation and maturation of immune 
cells, including dendritic cells and anti‑tumor cytokines (21). 
In the present study, TLR7 was activated by the TLR7 agonist 
gardiquimod, which resulted in a series of changes in the 
expression of downstream factors.

According to previous studies, TLR7 exerts different func-
tions on different cells. The activation of TLR7 can inhibit 
prostate cancer cells (22), however, TLR7 can also induce the 
development of cervical cancer  (23). Therefore, TLR7 has 
different roles in immunotherapy (24). In previous studies, 
TLR7 was found to promote the expression of inflammatory 
cytokines, including IL‑29 and IFN‑λ1, which in turn initiates 
the innate immune reaction and consequently suppresses the 
development of cancer (25,26). In the present study, the results 
suggested that activation of TLR7 disturbed the development of 
pancreatic cancer through activation of the immune response. 
Certain anti‑tumor genes were also observed to be upregulated 
by gardiquimod, including TIMP‑1 and PTEN. By contrast, 
the expression of VEGF, which can promote proliferation, was 
marginally decreased following treatment with gardiquimod. 
These results indicated that TLR7 activation may have inhibited 
the progression of BxPC‑3 pancreatic cancer cells. However, 
a study by Ochi et al (20) demonstrated that TLR7 activation 
promotes the development of pancreatic cancer cells carrying 
the G12D mutation; therefore, the effect of TLR7 on the devel-
opment of pancreatic cancer requires further investigation.

The MAPK‑ERK signaling pathway functions as 
a key factor in progression of the majority of types of 
cancer (27). Numerous studies have demonstrated that the 
activation of this pathway contributes to cancer cell prolif-
eration; however, this pathway can also initiate the immune 
response, which defends against the transformation normal 
cells into cancer cells (28‑30). Therefore, the activation of 
the MAPK‑ERKsignaling pathway may have a pleiotropic 
effect on cancer cells, however the mechanism underlying 
the TLR7‑induced activation of this pathway and the conse-
quent effects on BxPC‑3 cells remain to be fully elucidated, 
and the role of the MAPK‑ERK pathway requires further 

investigation. Of note, this pathway is one of multiple path-
ways activated by TLR7, and the other pathways activated by 
gardiquimod also require investigation.

In conclusion, the present study demonstrated that TLR 
activation induced the expression of inflammatory factors 
and suppressed the expression of cancer‑associated genes in 
BxPC‑3 cells. In addition, these effects were partially depen-
dent on activation of the MAPK‑ERK pathway. These results 
may provide novel insight into the role of TLR7 in BxPC‑3 
pancreatic cancer cells.
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