
ORIGINAL ARTICLE

Effects of CPG ODN on biological behavior of PANC-1 and 
expression of TLR9 in pancreatic cancer

Han-Qing Wu, Bo Wang, Shi-Kai Zhu, Yuan Tian, Jing-Hui Zhang, He-Shui Wu 

Han-Qing Wu, Bo Wang, Shi-Kai Zhu, He-Shui Wu, Depart-
ment of Pancreatic Surgery, Union Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, Wu-
han 430022, Hubei Province, China
Yuan Tian, Jing-Hui Zhang, Laboratory of General Surgery, 
Union Hospital, Tongji Medical College, Huazhong University of 
Science and Technology, Wuhan 430022, Hubei Province, China
Author contributions: Wu HS designed the research; Wu HQ, 
Wang B, Zhu SK, Tian Y and Zhang JH performed the research; 
Wu HQ, Wang B, Zhu SK analyzed the data; Wu HQ and Wu 
HS wrote the paper. 
Supported by The National Natural Science Foundation of 
China, No. 30972898
Correspondence to: He-Shui Wu, MD, Department of Pancre-
atic Surgery, Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan 430022, Hubei 
Province, China. heshuiwu@163.com
Telephone: +86-27-85351621  Fax: +86-27-85351673
Received: August 19, 2010	              Revised: November 3, 2010 
Accepted: November 10, 2010
Published online: February 28, 2011 

Abstract
AIM: To determine the expression of toll-like receptor 
9 (TLR9) in pancreatic tumor and the effects of cyto-
sine phosphate-guanosine oligodeoxynucleotides 2216 
(CPG ODN2216) on biological behavior of pancreatic 
carcinoma cell line PANC-1 and explore their clinical 
significance. 

METHODS: The immunohistochemistry and Western 
blot were used to determine the expression of TLR9 
protein in pancreatic cancer tissues, and immunofluo-
rescence staining was performed to detect the TLR9 
protein expression in pancreatic carcinoma cell line 
PANC-1. To assess the effects of CPG ODN2216 on the 
invasive property of Panc-1 cells, in vitro  cell adhesion, 
wound-healing scrape, and invasion and cell colony 
formation were evaluated. 

RESULTS: TLR9 was highly expressed in pancreatic 

cancer tissues and PANC-1 cells. The percentage of posi-
tive cells expressing TLR9 protein in human pancreatic 
tissues, paracancerous tissues and normal tissues were 
73.3%, 33.3% and 20.0%, respectively, and the protein 
expression level of TLR9 was gradually descending (P  < 
0.05). In vitro  tests in wound-healing scrape, cell adhe-
sion, colony formation and matrigel invasion showed 
that the adhesion and motility of PANC-1 cells in CPG 
ODN 2216 treatment group were significantly lower than 
in the control group (P  < 0.05). The cell growth assay 
showed that the proliferative ability of PANC-1 cells in 
treatment group was significantly decreased and CPG 
ODN2216 had an inhibitive effect in the growth of Panc-1 
cells in a dose and time-dependent manner (P < 0.05).

CONCLUSION: The gene of TLR9 is correlated with 
the invasive and metastatic potential of human pancre-
atic carcinoma, and CPG ODN2216 induces the inhibi-
tion of migration and invasion of Panc-1 cells.

© 2011 Baishideng. All rights reserved.

Key words: Cytosine phosphate-guanosine oligodeoxy-
nucleotides 2216; Pancreatic cancer; Toll-like receptor 
9; Biological behavior

Peer reviewer: Seong Gyu Hwang, Professor, MD, Depart-
ment of Internal Medicine, CHA Bundang Medical Center, 
CHA university, #351, Yatap-Dong, Bundang-Gu, Seongnam, 
Gyeonggi-Do, 463-712, South Korea

Wu HQ, Wang B, Zhu SK, Tian Y, Zhang JH, Wu HS. Effects 
of CPG ODN on biological behavior of PANC-1 and expres-
sion of TLR9 in pancreatic cancer. World J Gastroenterol 2011; 
17(8): 996-1003  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v17/i8/996.htm  DOI: http://dx.doi.
org/10.3748/wjg.v17.i8.996

INTRODUCTION
Pancreatic cancer is a highly malignant tumor of  digestive 
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system, with a very poor prognosis[1,2]. In the developed 
countries, the pancreatic cancer ranks the fourth in the 
mortality of  malignant tumors[3].The five-year survival rate 
is less than 5% and the median survival time is 5-6 mo.  
Although 10%-15% of  patients have the opportunity for 
radical surgery, the median survival time is only 10-18 mo 
and the 5-year survival rate is about 17%-24%[4,5]. The 
poor prognosis of  pancreatic cancer patients is mainly 
due to local invasion and early metastasis[6]. Most patients 
with pancreatic cancer are diagnosed when they are found 
to have local invasion or distant metastasis. Therefore, 
further studies of  the molecular biological behavior of  
pancreatic cancer are necessary to improve the diagnosis 
of  pancreatic cancer, prevention and treatment. 

Toll-like receptors (TLRs) are pathogen receptors 
which have been recently discovered to have the ability 
of  identifing specific types of  micro-organisms, namely 
the pathogen-associated molecular patterns (PAMPs)[7,8]. 
Recent studies found that the expression of  TLRs oc-
curred not only in immune cells, but also in normal epi-
thelial cells and tumor cells[9]. The activity of  TLRs in tu-
mor cells may delay the anti-tumor function of  immune 
cells, interfere with the role of  the immune response, 
leading ultimately to tumor progression[10-12].

TLR9 is an important member in this family, with 
an ability to induce significant secretion of  cytokine and 
chemotactic factors by B cells and dendritic cells, such as 
interleukin (IL)-12, IL-6, interferon-γ (IFN-γ), monocyte 
profilin and metal matrix protease[13]. High-level expression 
of  TLR9 was detected in a wide variety of  tumors, how-
ever, it remains unknown whether TLR9 is expressed and 
what role it plays in pancreatic cancer. In order to investi-
gate the role of  TLR9 in the development of  pancreatic 
cancer, the immunohistochemistry and Western blotting 
were used to determine the expression of  TLR9 protein in 
pancreatic cancer tissues and immunofluorescence staining 
was also performed to detect the TLR9 protein expres-
sion in pancreatic carcinoma cell line PANC-1. And we 
employed TLR9-targeting ligand-sythetic CPG ODN2216 
to stimulate pancreatic cancer cell Panc-1 and observe the 
changes in malignant phenotype of  this cell line in terms 
of  proliferation, growth, tumorigenic and invasive ability 
and the correlation between TLR9 gene and the pancreatic 
cancer cells. All these will benefit the future research of  
the specific mechanism of  TLR9 gene.

MATERIALS AND METHODS
PANC-1 cell line and cells culture
The pancreatic cancer cell line Panc-1 was supplied by the 
laboratory of  the Department of  General Surgery, Wu-
han Union Hospital affiliated to Tongji Medical College 
of  Huazhong University of  Science and Technology. The 
cells were cultivated in Dulbecco’s Modified Eagle Me-
dium (DMEM) which contains 10% fetal bovine serum 
(FBS) and 100 μmol/mL mycillin under 5% CO2 at 37℃.

Tissue slices
Fresh human pancreatic cancer tissues (n = 30) and ho-

mologous peritumoral tissues (1-2 cm from the edge of  
cancer) were collected from pancreatic cancer patients. 
The normal human pancreatic tissues (n = 30) were ob-
tained from non-cancer patients who had to be depan-
creatized for other reasons. All of  the specimens were 
taken from patients with pancreatic cancer who were 
treated surgically in the Pancreatic Surgery Center of  Wu-
han Union Hospital and confirmed by post-operational 
pathology.

Main reagents and antibodies
CpG-ODN2216 (serial number: GGGGGACGATC-
GTCGGGGGG) was synthesized, specifically phospho-
rothioate decorated and polyacrylamide gel electropho-
resis (PAGE) purified by Shenggong Bio-engineering 
Company, Shanghai, China; TLR9 monoclonal antibody 
was provided by the Cell Signaling Company, USA; matri-
gel and dimethyl sulfoxide (DMSO) were purchased from 
Sigma-Aldrich Company, USA; and immunohistochemisty 
and immunofluorescence reagent kits were obtained from 
Boster Bio-engineering Co., Ltd., Wuhan, China.

Western blotting 
Conventional methods were used to extract tissue pro-
teins and the consistency of  protein was measured by the 
method of  Coomassie brilliant blue. Fifteen μL protein 
was taken for 10% polyacrylamide gel electrophoresis 
and transferred to a nitrocellulose filter by electrolysis. To 
block the non-specific antigen, the sections were incubated 
with 5% skim milk added with 1:750 diluted rabbit anti-
human antibody TLR9 monoclonal antibody, followed 
by overnight incubation at 4℃. Membranes were washed 
with Tris-Buffered Saline Tween-20 (TBST) containing 
0.1% Tween20, added with goat anti-rabbit IgG antibodies 
(Boster Bio-engineering Co., Ltd., Wuhan, China) tagged 
with horseradish peroxidase (HRP) and incubated at room 
temperature for 2 h. After being washed and added with 
EcL Plus reagent, an enhanced chemiluminescence sub-
strate, the membranes were exposed on X-ray films for 30 s, 
followed by routine development and fixation. Finally, the 
images were scanned and analyzed by an image analysis 
software for gel electrophoresis (Band scan v5.0).

Immunohistochemistry
The streptavidin peroxidase (SP) methods were used for 
the immunohistochemical studies. The staining step fol-
lowed the routine process. The paraffin sections were pre-
pared, dewaxed and hydrated by alcohol. After being im-
mersed in 3% hydrogen peroxide for 10 min, the sections 
underwent antigen retrieval in 0.01 mol/L citrate buffer 
solution (pH 6.0) and then blocked at room temperature 
for 30 min by 5% goat serum albumin with subsequent 
removal of  sealing solution.  The appropriately diluted 
primary antibody was added, and the control antibody was 
replaced with phosphate buffer solution (PBS) and kept 
at 4℃ overnight. They were rinsed with PBS for 3 times, 
5 min each time; biotinylated secondary antibodies were 
incubated at room temperature for 30 min and washed 
with PBS for 3 times; and horseradish peroxidase (HRP) 
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labeled avidin was added and incubated at room tempera-
ture for 30 min. Finally, after PBS rinsing, DAB-staining, 
hematoxylin staining, dehydration, and septum pellucidum 
mounting, results were observed under microscope.

Immunofluorescence method
Pancreatin-digested pancreatic cancer cells were used to 
prepare single cell suspension and the cell suspension 
was dropped onto glass slides. Creeping plates were tak-
en out after 24 h or longer according to the cell growth 
state and rinsed with PBS for 3 times (5 min each time), 
followed by 15 min fixation with 4% paraformaldehyde, 
PBS rinse and 20 min perforation by 0.5% Triton. 

After rinsed with PBS for 3 times, the PANC-1 cell 
slides were blocked for 30 min by 5% bovine serum 
albumin (BSA). The first antibody dilution was added 
directly after dryness while PBS was used in the control 
group. Following overnight incubation at 4℃ and rinsing 
with PBS for 3 times, the diluted second antibody was 
added and incubated for 1 h at 37℃. Finally, the slides 
were observed under a fluorescence microscope after 
PBS rinse for 3 times, and added with diluted Strept Avi-
din Biotin Complex - fluoresceine isothiocyanate (SABC-
FITC) and incubated for 30 min at 37℃. PBS rinse was 
repeated for 3 times and sealed by water-soluble sheet.

Cell growth assay
Cell viability was measured using the Cell Counting Kit-8 
(CCK-8) assay (Beyotime Bio., Shanghai, China) according 
to the method described previously[14]. Pancreatic cancer 
cell suspension was transferred into 96-well tissue culture 
polystyrene (TCP) plates with 1 × 103 cells or 100 μL per 
well. The cells were cultured at 37℃ under 5% CO2 and 
saturated humidity. After cell attachment at time point of  
24 h, CPG ODN2216 of  various concentrations (0.1, 0.5, 1, 
5 and 10 mg/L) was added to act on Panc-1 cells, followed 
by addition of  20 μL CCK8 of  5 mg/mL at time points 
of  24, 48 and 72 h, respectively and 4 h cell culture. Finally, 
after thorough shaking and mixing, absorbance values 
were determined by enzyme-linked immunosorbent assay 
(ELISA) reader. Inhibition rate (IC) = (A control group 
- A drug group)/A control group × 100%. The curve of  
inhibited proliferation was plotted and IC50 was obtained. 

Scratch adhesion test
Panc-1 cellular suspension at a concentration of  2 × 105/mL  
was inoculated into a 6-well culture plate at 3 mL per well, 
and cultured for 24 h. In the next step, culture medium was 
removed and replaced by CPG ODN2216 culture medium 
at concentrations of  1 and 10 mg/L, respectively after the 
cell growth rate reached 80%. Supernatant was abandoned 
and scratches were carried out in the center of  wells using 
a scraping cutter. Four marks were used as test sites at an 
equal distance along the scratch edge and the average value 
was obtained.

Cell adhesion test
Collagen gel overlays were prepared on 96-well TCP 
plates, followed by air dryness, BSA blocking and 60min 

incubation. The cell concentrations of  treatment group 
(interfered by CPG ODN at 1 and 10 mg/L for 24 h) 
and control group was adjusted to 5 × 105/mL, and both 
cellular suspensions were inoculated in transwells, leading 
to 200 μL/well. With 1h incubation, PBS rinsing, addi-
tion of  5 mg/ml methyl thiazolyl tetrazolium (MTT) and 
4 h culture, the culture medium was abandoned and the 
remainder was dissolved in DMSO for 20 min. Lastly, 
absorbance values were measured at 490 nm wavelength. 
Cell adhesion inhibition rate = (A control group-A drug 
group)/A control group × 100%. Each group contained 
3 repeated wells and the average values were obtained.

In vitro invasion assay
Cell invasion in vitro was performed in Matrigel Invasion 
Chambers (Becton Dickinson Co., Franklin Lakes, NJ) in 
24-well culture plates, as described previously[15]. Thirty μL 
synthetic basal membrane was added into transwell up-
per chamber and underwent air dryness. Then, 200 μL of  
24 h starvation-cultured cells was added respectively and 
the concentration of  CPG ODN was adjusted to 1 and 
10 mg/L. DMEM culture medium (500 μL) containing 
10% FBS as chemokine was added into the lower cham-
ber of  invasive cabinet. It was taken out of  cabinet after 
24 h culture at 37℃ under 5% CO2 and then cotton swab 
was used to rub away unmigrated cells and superfluous 
liquid in upper chamber. After that, the cabinet was fixed 
for 10 min in 4% polyoxymethylene and dyed for 30 min 
with 1% crystal violet, followed by thorough membrane 
washing with deionized water. Finally, cells were observed 
and counted under microscope. Each group contained 3 
repeated wells and the average values were obtained.

Cell cloning test
Panc-1 cells were digested with pancreatin and single cell 
suspension was prepared by blowing method, and then 
inoculated into a 6-well plate at about 200/well. Three 
groups were set up, one group without CPG ODN2216, 
the other two containing 1 and 10 mg/L CPG ODN2216, 
respectively. Each group contained two repeated wells. 
Then, the inoculated cells were cultured in the incubator 
till d 14. Cell culture was suspended when visible clone 
appeared and then culture medium was removed, rinsed 
by PBS, dyed for 30 min with hematoxylin and PBS rinse 
was repeated. Finally, the formation rate of  cell clone was 
calculated and photographed by digital camera. The test 
was repeated 3 times.

Statistical analysis
Experimental data was analyzed by Statistical Package 
for Social Sciences(SPSS) software(SPSS, Inc., Version 
16.0,USA), All of  the data were represented by mean ± 
SD and T test was performed for statistical analysis, and 
P values < 0.05 were considered statistically significant.

RESULTS
Western blotting test 
As shown in Figure 1, the expression of  glyceraldehyde-
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3-phosphate dehydrogenase (GAPDH) protein was 
detected in cancer tissues, homologous peritumoral tis-
sues and normal pancreatic tissues and protein band was 
located at 36 kDa. TLR-9 was expressed at 130 kDa. The 
expression level of  TLR9 in cancer tissues was signifi-
cantly higher than in both peritumoral tissues and normal 
pancreatic tissues.

Expression of TLR9 protein in pancreatic cancer tissues
Immunohistochemistry showed that TLR9 protein was 
mainly expressed in the cytoplasm of  cancer cells, exhibit-
ing yellowish and reddish brownness in an even manner. 
The expression of  TLR9 protein was detected in both 
peritumoral tissues and normal pancreatic tissues, showing 
light yellowness and the expression level was lower than 
in the pancreatic cancer tissues. The total positive rates 
of  TLR9 protein were 73.3% in human pancreatic cancer  
(22/30) and 33.3% (10/30) and 20% (2/10) in pancreatic 
peritumoral tissues and normal pancreatic tissues, respec-
tively. There were statistical differences among the three 
groups (χ2 = 13.99, P < 0.01), (Figure 2).

Expression of TLR9 protein in Panc-1
The high expression of  TLR9 in Panc-1 cells was found 
by immune fluorescence method. Upon excitation by ul-
traviolet, cytoplasm displayed green fluorescence where-
as control group did not show the fluorescence (Figure 3).

Effects of CPG ODN2216 on proliferation of pancreatic 
cancer cell line Panc-1
CPG ODN2216 of  different concentrations (0.1, 0.5 , 5 
and 10 mg/mL) showed inhibitory effects on Panc-1 cell 
line, and the growth inhibition rate increased markedly 
with concentration and time. Growth inhibition curve 
was plotted and the IC50 at 24, 48 and 72 h was 65.1, 
16.43 and 4.47 mg/mL, respectively. The inhibitory ef-
fect was time and dose dependant (Figure 4).

Cell scratch test
The results of  scratch test showed that in contrast with 
control group, migration ability of  Panc-1 cell was de-
creased with addition of  CPG ODN2216 and higher 
CPG ODN2216 concentration led to significantly lower 

migration ability. Migration distance after 48 h was 20.20 
± 1.06 mm at 10 mg/L and 17.37 ± 0.70 mm at 1 mg/L 
and 13.27 ± 1.11 mm in the control group, the difference 
being statistically significant (P < 0. 05), (Table 1, Figure 5).

Effects of CPG ODN2216 on the adhesion of pancreatic 
cancer cell line Panc-1 and its in vitro invasive ability 
The adhesive inhibition rates were 12.5% and 2.5% re-
spectively in 1 mg/mL CPG ODN treated group and 
10 mg/L CPG ODN group, respectively. Cell adhesion 
strength was significantly lower than control group (t = 
25.4, 14.9 P < 0.01) and the inhibitory effect appeared 
dose-dependent (t = 6.32, P < 0.01). The control group 
had higher invasive ability, and the higher the concentra-
tion of  CPG ODN2216, the fewer cells crossed the mem-
brane. Invasion inhibitory rates were 21.6% and 59.5%, 
respectively (t = 6.59, 13.79 P < 0.01), showing a dose-
effect relationship (t = 18.29 P < 0.01), (Table 2, Figure 6).
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Figure 1  Western blotting test for toll-like receptor 9 protein. 1: Normal hu-
man pancreatic tissue; 2: Human peritumoral tissue; 3: Human pancreatic cancer 
tissue. TLR-9: Toll-like receptor 9; GAPDH: Glyceraldehyde-3-phosphate dehy-
drogenase.

Figure 2  Expression of toll-like receptor 9 protein. Brown color displays the 
positive expression. A: Human pancreatic cancer tissue (× 200); B: Peritumoral 
human pancreatic cancer tissue (× 200); C: Normal pancreas tissue (× 400).
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Cell colony formation 
Hematoxylin stained cells in 10 mg/mL CPG ODN2216 
treated group showed significantly fewer colonies per 
square centimeter (0.27 ± 0.13/cm2) than in group 1 mg/L  
(1.08 ± 0.11) and control group (1.17 ± 0.12), with sta-
tistical difference between the latter two groups (t = 8.29, 
8.67 P < 0.01) but without significant difference between 
treatment group and control group (P > 0.05), (Figure 7).

DISCUSSION
Pancreatic cancer has a high degree of  malignancy and 
develops stealthily, seriously threatening the human health. 
Therapeutic effects have been low by the available treat-
ment methods and prognosis is poor. Epidemiological 
studies showed that both the incidence and mortality of  
pancreatic cancer are hiking in recent years[16]. Currently, 
in China pancreatic cancer jumped from 16th to 6th in the 
death rate caused by a variety of  cancer. Therefore, search 
for target of  gene therapy for pancreatic cancer has always 
been the focus in this field. Substantial findings demon-
strate that signaling pathway induced by TLRs and TLR9 
may play an important role in the development of  tumors 
and the up-regulation of  TLRs expression may be closely 
connected with the stomach, lung, bowel cancers and so 
on[17]. The expression of  TLR9 in tumor is expected to 
provide new regimens for tumor chemotherapy and im-
munotherapy. In this study, we used Western blotting and 
immunohistochemical analysis to detect the expression 

of  TLR9 gene in pancreatic cancer tissues and found that 
the expression of  TLR9 gene in pancreatic cancer tissues 
was significantly higher than in pancreatic peritumoral 
tissue and normal pancreatic tissues. This is in agreement 
with Droemann’s[18] findings in lung cancer study. We also 
determined the expression of  TLR9 gene in pancreatic 
cancer cells using immunofluorescence method and found 
high level expression of  TLR9 protein in pancreatic can-
cer cells, mainly in endochylema. In order to investigate 
the significance of  high expression of  TLR9 gene in 
pancreatic cancer cells and clarify its effects, we applied 
specific ligands of  TLR9, namely CPG ODN2216 and 
pancreatic cancer cell Panc-1, to study the function of  
CPG ODN and its influence on TLR9 gene in human 
pancreatic cancer cells.

In recent years it has been verified that CPG ODN 
has a strong immunoregulatory effect in Th1 direction, 
mainly through its combination with TLR9 and induc-
tion of  secretion of  Th1 polarizing cell factors such as 
IFN-7, IL-12 and so on, promoting the differentiation 
of  Th0 to Th1[19,20]. For example, CPG DNA penetrates 
into dendritic cells (DCs) by means of  sequence indepen-
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Figure 3  Immunofluorescence staining test. The expression of toll-like re-
ceptor 9 (TLR9) was mainly detected in Panc-1 cell cytoplasm (× 200). A: TLR9 
was highly expressed in Panc-1 cells; B: TLR9 was negatively expressed in 
control group.
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Figure 4  Inhibitory effect of cytosine phosphate-guanosine oligodeoxynu-
cleotides 2216 of different concentrations on Panc-1 cell line with growth 
inhibition rate increasing remarkablly with concentration and time. 

Table 1  Migration width in different groups (mean ± SE)

Time Control group (mm) 1 mg/L group (mm) 10 mg/L group (mm)

0 h 23.98 ± 1.71 24.02 ± 1.67 22.52 ± 1.43
48 h  13.27 ± 1.11b  17.37 ± 0.70b  20.20 ± 1.06b

Compared with control group, bP < 0.01.

Table 2  Mobility, adhesion and invasion ability of different 
groups (n  = 3, mean ± SE) 

Group Cell adhesion rate (%) Cell number of invasion

Control group 0  198 ± 13
1 mg/L 12.5 ± 0.85b 144 ± 5b

10 mg/L 22.5 ± 2.62a   80 ± 6a

Control vs 1 mg/L group, aP < 0.05. Control vs 10 mg/L group, bP < 0.01.
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dent, receptor-mediated endocytosis, then acts on TLR9 
specifically in lysosomal area and finally activates signal 
transduction through interleukin-1 receptor associated ki-
nase (IRAK1), interferon regulatory factor 7 (IRF7), TNF 
receptor-associated factor 6 (TRAF6), mitogen-activated 
protein kinases (MAPK) and nuclear factor kB(NF-KB) 
pathway and adaptor myeloid differentiation primary re-
sponse gene (88) (MyD88)[21-24]. However, at present, CpG 
ODN, which is used as an immunoadjuvant to induce 
Th1 immune response on human lung adenocarcinoma 
A549 cell by means of  TLR9, may be adopted for mono-
therapy or supplement to immunization therapy to treat 
cancers[25]. As for the direct effect of  CPG ODN on pan-
creatic cancer, there has been no report in the literature so 

far. We combined CPG ODN2216 and pancreatic cancer 
cell and found by CCK-8 assay that the growth and pro-
liferation of  pancreatic cancer cells were inhibited in vitro 
and the inhibitory effect was time-dose dependent.

One of  the important biological characteristics of  
malignant tumor is its invasion into adjacent tissues and 
subsequent distant metastasis. Invasion is recognized as 
the foundation and precondition of  distant metastasis and 
distant metastasis is the continuation and further devel-
opment of  invasion. Factually, they are two stages of  the 
same process, and pancreatic cancer invasion and metas-
tasis into adjacent tissues occur in the early stage. Only by 
preventing the two biological behaviors at proper time can 
we defeat pancreatic cancer. Like other tumors, invasion 
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           Control group				    1 mg/mL group			   10 mg/mL group
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48 h

Figure 5  Panc-1 cell scratch test at various time points (× 400). Compared with control group, a higher cytosine phosphate-guanosine oligodeoxynucleotides 
2216 concentration led to significantly lower migration ability (P < 0.01).

Figure 6  Invasion ability of Panc-1 in cabinet (× 200). A: In control group, there are more Panc-1 cells penetrating through filter membrane; B: The cell number 
of 1 mg/mL cytosine phosphate-guanosine oligodeoxynucleotides (CPG ODN) treated group penetrating through filter membrane decreased significantly (A vs C, P < 
0.01); C: The Panc-1 cell number of 10 mg/L CPG ODN treated group penetrating through filter membrane further decreased (A vs B, P <0.01).
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and metastasis of  pancreatic cancer is a process charac-
terized by polygenic participation, multi-steps and multi-
stages[26]. At the same time, the adhesion and invasion pro-
cess increases the malignant tumor survival and metastasis 
ability, that is a committed step in the tumor transition 
process[27]. To further investigate the role of  TLR9 gene 
in the process of  tumor invasion and metastasis, TLR9 
specifically ligand-CPG ODN2216 and pancreatic cancer 
cell line Panc-1 were applied in the subsequent tests such 
as scratch adhesion test, adhesion test, Transwells in vitro 
invasion assay, cell clone test and so on. Scratch adhesion 
test is considered as one of  the classic ways to determine 
cell immigration ability and adhesion and invasion test can 
relatively ideally simulate and reflect the invasion behavior 
and ability of  tumor cells. Cell clone test can also be used 
to detect the proliferation ability of  cancer cells. CPG 
ODN2216 had weakened in vitro migration, membrane 
anchor ability and clone proliferation ability of  Panc-1 
cells compared with the cells in the control group. There-
fore, the expression of  TLR9 can influence the degree of  
malignancy of  human pancreatic cancer cell line.

In conclusion, there is high expression of  TLR9 in 
both human pancreatic tissues and Panc-1 cells. TLR9 
may increase the cell abilities of  invasion, metastasis and 
adhesion to promote the occurrence and development of  
pancreatic neoplasm, and play an important role in inva-
sion and metastasis of  pancreatic cancer. However, the 
questions of  how the gene regulates cell migration and 
invasion, and what transconduction system ligand CPG 
ODN relies on to influence TLR9, remain to be answered 
and the specific mechanism need to be further studied.
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This is the first study to report that TLR9 is expressed in both human pancreatic 
tissues and Panc-1 cells, and first demonstrate that TLR9 may increase the cell 
abilities of invasion, metastasis and adhesion to promote the occurrence and 
development of pancreatic neoplasm, and play an important role in invasion 
and metastasis of pancreatic cancer.
Applications
This study demonstrated that TLR9 may be a novel marker for the progression 
and prognosis of pancreatic cancer, and may provide a new strategy for the 
treatment of patients with pancreatic cancer.
Terminology
CPG ODN 2216 (cytosine phosphate-guanosine oligodeoxynucleotides 2216): 
the TLR9-targeting ligand-synthetic. It has a strong immunoregulatory effect 
in Th1 direction, mainly through its combination with TLR9 and induction of 
secretion of Th1 polarizing cell factors such as IFN-7 and IL-12, promoting the 
differentiation of Th0 to Th1.
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Figure 7  Cell cloning test. A: More colonies are formed in the control group; B: The colony formed in the 1 mg/L cytosine phosphate-guanosine oligodeoxynucleotides (CPG 
ODN) treated group is the same as in the control group (P > 0.05); C: There are fewer colonies formed in the 10 mg/L CPG ODN treated group (A vs B, P < 0.01).
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 COMMENTS



Peer review
The authors examined the expression of TLR9 in both human pancreatic tis-
sue and Panc-1 cells, and demonstrated a role for TLR9 in adhesion, migration 
and invasion of human Panc-1 cells. This is an interesting article in which the 
experimental design is well thought out and the results are intriguing.
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