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Abstract

AIM: To elucidate the role of dickkopf3 (Dkk3) in hu-
man pancreatic cancer cell growth.

METHODS: Dkk3 mRNA and protein expression in hu-
man pancreatic cancer cell lines were detected by real-
time reverse transcription polymerase chain reaction
(real-time RT-PCR), Western blotting and immunofluo-
rescence. Methylation of the Dkk3 promoter sequence
was examined by methylation-specific polymerase chain
reaction (MSP) and Dkk3 mRNA expression was deter-
mined by real-time RT-PCR after 5-aza-2"-deoxycytidine
(5-aza-dC) treatment. The effects of Dkk3 on cancer
cell proliferation and /n vitro sensitivity to gemcitabine
were investigated by CellTiter 96® AQueous One Solu-
tion Cell Proliferation Assay (MTS) after transfecting the
Dkk3 expression plasmid into human pancreatic cancer
cells. The expression of B-catenin, phosphorylated ex-
tracellular signal-regulated protein kinases (pERK) and
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extracellular signal-regulated protein kinases (ERK) was
also examined by real-time RT-PCR and Western blot-
ting after upregulating Dkk3 expression in human pan-
creatic cancer cells.

RESULTS: The results show that the expression levels
of both Dkk3 mRNA and protein were low in all pan-
creatic cancer cell lines tested. The Dkk3 promoter se-
quence was methylated in the MIA PaCa-2 and AsPC-1
cell lines, which showed reduced Dkk3 expression.
These two cell lines, which initially had a methylated
Dkk3 promoter, showed increased Dkk3 mRNA expres-
sion that was dependent upon the dosage and timing
of the DNA demethylating agent, 5-aza-dC, treatment
(P < 0.05 or P < 0.01). When Dkk3 expression was up-
regulated following the transfection of a Dkk3 expres-
sion plasmid into MIA PaCa-2 cells, the ability of cells
to proliferate decreased (P < 0.01), and the expression
of B-catenin and pERK was downregulated (P < 0.01).
Sensitivity to gemcitabine was enhanced in Dkk3 ex-
pression plasmid-transfected cells.

CONCLUSION: Our findings, for the first time, impli-
cate Dkk3 as a tumor suppressor in human pancreatic
cancer, through the downregulation of B-catenin ex-
pression via the ERK-mediated pathway.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Pancreatic cancer is the sixth leading cause of cancer
death in China. The overall five-year survival rate is ap-
proximately 1%-3%, and the median survival period after
diagnosis is only 4 to 5 mo. Pancreatic cancer remains
one of the most aggressive human cancers, with an ex-
ceedingly poor prognosis because of its late onset of
symptoms'”
insensitivity to chemotherapy and radiotherapy. There-
fore, recognizing the factors associated with pancreatic
cancer progression is critical for its treatment.

Dickkopf (Dkk) family proteins, including Dkk1/2/3/4,
are secreted modulators of the canonical Wnt signaling
pathwaym. Dkk1, Dkk2 and Dkk4, antagonists of Wnt
signaling™”, interact with Wnt coreceptors, low-density
lipoprotein receptor-related protein 5/6 (LRP5/6) and
Kremen'™", Dkk3 interacts with kremenl and kremen2,
but not with LRP5/6[8], and has been proposed to act
as a tumor suppressor. Dkk3 is downregulated in some
tumors, and it inhibits tumor growth”*. For example, in
cervical cancer and malignant glioma, Dkk3 regulates tu-
mor cell growth and decreases B-catenin expression'**.
Dkk3 can induce cancer cell apoptosis by c-Jun-NH2-
kinase (JNK) activation in testicular and prostate cancer
cells™, The Dkk3 promoter sequence is methylated in
several tumors, such as breast cancer, hepatoma, blad-
der cancer and malignant astrocytic gliomas” . In lung
adenocarcinomas, however, Dkk3 inhibits cancer cell
apoptosis by decreasing the intracellular level of reactive
oxygen species and functions as an oncogenem. Dkk3
knock-out mice showed no enhanced tumor formation”".
Recently, other studies have demonstrated that Dkk3
plays distinct roles in different cells™.

To date, no study has investigated Dkk3 expression
and its roles in human pancreatic cancer cell behavior. To
better understand the role of Dkk3 in pancreatic cancer
progression, we investigated Dkk3 expression and pro-
moter sequence methylation in human pancreatic cancer
cells. The effects of Dkk3 on cell proliferation and sensi-
tivity to gemcitabine were simultaneously observed after
expression was increased in MIA PaCa-2 cells, following
transfection with the Dkk3 expression plasmid.

, rapid progression, frequent metastasis and

MATERIALS AND METHODS

Cell lines and cell culture

The human pancreatic cancer cell lines PANC-1, MIA
PaCa-2, AsPC-1 and BxPC-3 were purchased from the
American Type Culture Collection (Manassas, Virginia,
United States). AsPC-1 and BxPC-3 cells were cultured in
RPMI-1640 medium (Sigma-Aldrich, MO, United States)
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and PANC-1 and MIA PaCa-2 cells were cultured in
Dulbecco’s Modified Eagle’s Medium (Sigma-Aldrich,
MO, United States). All media were supplemented with
10% fetal calf serum (Tianjin Haoyang Biological Manu-
facture Co., LTD, China), 100 pug/mL streptomycin and
100 U/mL penicillin, and the cultures were grown at
37 C in a humidified atmosphere containing 5% COx.

Construction of and transient transfection with a plas-
mid expressing human Dkk3

Total RNA was extracted from PANC-1 cells using
TRIzol reagent (Invitrogen, CA, United States), accord-
ing to the manufacturer’s protocol. The cDNAs were
synthesized using the TaKaRa RNA polymerase chain
reaction (PCR) Kit (TaKaRa, Japan). A full-length cDNA
encoding human Dkk3 was cloned by PCR using 500
ng cDNA as a template and primers containing HindIII
and BamHI restriction enzyme sites (Table 1). The PCR
products were ligated into pcDNA3.1 (Invitrogen, CA,
United States) to create the plasmid pcDNA3.1-Dkk3.
MIA PaCa-2 cells were transfected with the pcDNA3.1
vector or pcDNA3.1-Dkk3 using FuGENE (Roche Di-
agnostic GmbH, Mannheim, Germany), according to the
manufacturer’s protocol.

Reverse transcription polymerase chain reaction

Total RNA was isolated from the cells using TRIzol re-
agent (Invitrogen, CA, United States) according to the
manufacturer’s protocol. The cDNAs were synthesized
using the TaKaRa RNA PCR Kit (TaKaRa, Japan). The
optimal PCR conditions were 94 ‘C for 5 min; 35 cycles at
94°C for 40's, 61°C (Dkk3)/52°C (B-actin) for 40's, 72°C
for 40 s; and 72°C for 10 min. PCR products (5 pL) were
separated by electrophoresis in a 2.0% agarose gel. Primer
sequences for Dkk3 and (-actin are listed in Table 1.

RNA preparation and real-time reverse transcription
polymerase chain reaction

Total RNA was isolated from the cells, with or with-
out 5-aza-2’-deoxycytidine (5-aza-dC) treatment, using
TRIzol reagent (Invitrogen, CA, United States) according
to the manufacturer’s protocol. First-strand cDNA was
synthesized from 500 ng of total RNA using the TaKaRa
RNA PCR Kit (TaKaRa, Japan). PCR was conducted
on a 7500 Real Time PCR System (Applied Biosystems,
United Kingdom) in combination with the SYBR green
PCR master mix (Applied Biosystems, United Kingdom).
Melting curve analyses following amplification were per-
formed to ensure product specificity. The relative expres-
sion levels of Dkk3 mRNA and B-catenin mRNA were
normalized to mRNA level of the housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
in the same cDNA sample. ACt was calculated by sub-
tracting the Ct of GAPDH mRNA from the Ct of the
mRNA of interest. AACt was then calculated by subtract-
ing the ACt of the control from the ACt of the sample.
The fold change in mRNA was calculated according to
the equation 2°°“, Primer sequences for Dkk3, [-catenin

and GAPDH are listed in Table 1.
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Table 1 Oligonucleotide primers used in the study

Sequence (57 to 3’) Ta (C) Cycles
PCR
DKK3 (full-length) Forward: CCCAAGCTTATGCAGCGGCTTGGGGC 53 35
Reverse: CGCGGATCCCTAAATCTCTTCCCCTCCCAGCAGT
Real-time RT-PCR
DKk3 Forward: ACAGCCACAGCCTGGTGTA 60 40
Reverse: CCTCCATGAAGCTGCCAAC
B-catenin Forward: AAAATGGCAGTGCGTTTAG 60 40
Reverse: TTTGAAGGCAGTCTGTCGTA
GAPDH Forward: GCACCGTCAAGGCTGAGAAC 60 40
Reverse: GCCTTCTCCATGGTGGTGAA
RT-PCR
DKk3 Forward: AAGGCAGAAGGAGCCACGAGTGC 61 35
Reverse: GGCCATTTTGGTGCAGTGACCCCA
B-actin Forward: AAATCGTGCGTGACATTAA 52 35
Reverse: CTCGTCATACTCCTGCTTG
MSP
Dkk3 unmethylated Forward: TTAGGGGTGGGTGGTGGGGT™ 59 34
Reverse: CTACATCTCCACTCTACACCCA®
Dkk3 methylated Forward: GGGCGGGCGGCGGGGC™ 59 34

Reverse: ACATCTCCGCTCTACGCCCG™

Ta: Annealing temperature; Real-time RT-PCR: Real-time reverse transcription polymerase chain reaction; Dkk3: Dickkopf3; GAPDH: Glyceraldehyde-

3-phosphate dehydrogenase; MSP: Methylation-specific polymerase chain reaction.

Bisulfite modification and methylation-specific poly-
merase chain reaction

Genomic DNA was isolated from pancreatic cancer cell
lines using the TIANamp Genomic DNA kit (Tiangen
Biotech Co., LTD, Beijing, China). One microgram of
genomic DNA was bisulfite-modified using the Cp-
Genome™™ DNA Modification Kit (Chemicon, MA,
United States) according to the manufacturer’s protocol.
Methylation-specific polymerase chain reaction (MSP)
was performed at 95°C for 5 min, followed by 34 cycles
at 94°C for 30 s, 59 °C for 30 s and 72°C for 30 s. The
final extension was at 72°C for 10 min. Each PCR reac-
tion was performed using 0.5 units of HotStarTaq Plus
DNA Polymerase (Qiagen GmbH, Hilden, Germany).
The primers are listed in Table 1. The specificity of the
MSP primers in detecting the Dkk3 methylation status
was demonstrated using unmethylated and methylated
DNA as a template (EpiTect Control DNA Set; Qiagen
GmbH, Hilden, Germany).

5-aza-dC treatment

Cells were seeded at a density of 4 X 10* cells/well in a
six-well plate. After overnight incubation, the cells were
treated with 10 ymol/L and 20 ymol/L of the DNA
demethylating agent 5-aza-dC (Sigma-Aldrich, Steinheim,
Germany) for 48 h or 72 h. Control cells were incubated
with dimethyl sulfoxide and fresh medium.

Immunofluorescence and confocal microscopy

Cells grown on coverslips were washed and fixed with 4%
paraformaldehyde, followed by washing with 0.2% Triton
X-100. Coverslips were incubated with nonimmune ani-
mal serum to reduce nonspecific binding. The coverslips
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were subsequently incubated at 4°C overnight with an
anti-Dkk3 rabbit polyclonal antibody (1:100, Santa Cruz,
CA, United States). Rhodamine-conjugated AffiniPure
goat anti-rabbit IgG was used as the secondary antibody
(1:200, Zhongshan Goldenbridge Biotechnology Co.,
LTD, Beijing, China). Counterstaining was performed us-
ing 1 ug/mL 4,6-diamidino-2-phenylindole. Exptession
and localization of Dkk3 were observed under a confocal
microscope (Leica, Mannheim, Germany).

Western blotting

The cells in culture were washed twice with ice-cold PBS,
and proteins were extracted with M-PER mammalian pro-
tein extraction reagent (Pierce Biotechnology, Rockford,
United States). Samples were centrifuged at 14000 X g for
10 min. Aliquots of cell lysates containing 40 pg protein
were separated on a 12% SDS-polyacrylamide gel and
transferred to PVDF membranes (Millipore, MA, United
States). The membranes were blocked with 10% skim
milk and incubated with Dkk3 antibody (1:1500, Santa
Cruz, CA, United States), -catenin antibody (1:1500, BD
Transduction Laboratories, San Diego, United States),
phosphorylated extracellular signal-regulated protein
kinase antibody (pERK antibody, 1:2000, Cell Signaling,
MA, United States), extracellular signal-regulated protein
kinase antibody (ERK antibody, 1:2000, Cell Signaling,
MA, United States) and B-actin antibody (1:2000, Santa
Cruz, CA, United States) at 4°C overnight, followed
by their corresponding secondary antibodies (1:2000,
Zhongshan Goldenbridge Biotechnology Co., LTD, Bei-
jing, China) at room temperature for 2 h. The membrane-
bound proteins were detected using the Pierce ECL
Western blotting substrate (Pierce Biotechnology, Rock-
ford, United States).
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Figure 1 Dickkopf3 expression in human pancreatic cancer cell lines
(PANC-1, MIA PaCa-2, AsPC-1 and BxPC-3). A, B: Dickkopf3 (Dkk3) mRNA
expression was detected by reverse transcription polymerase chain reaction
(RT-PCR) and real-time RT-PCR. Dkk3 mRNA expression was low in all cell
lines examined. Dkk3: Dickkopf3; RQ: Relative quantitation.
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Figure 2 Dickkopf3 promoter methylation analysis in human pancreatic
cancer cell lines. A: Methylation-specific PCR (MSP) was performed with bisul-
fite-treated DNA from pancreatic cancer cells. The Dickkopf3 (Dkk3) promoter
was significantly methylated in MIA PaCa-2 and AsPC-1 cells; B: MSP controls
demonstrate the specificity of the Dkk3 primers used. Methylated bisulfite-
converted DNA exclusively yields amplification products with primers specific to
methylated Dkk3 promoter sequences; unmethylated bisulfite-converted DNA
yields exclusively amplification products with primers recognizing unmethyl-
ated Dkk3 promoter sequences. MD: Methylated bisulfite-converted DNA; UD:
Unmethylated bisulfite-converted DNA; U: PCR products amplified with primers
recognizing unmethylated Dkk3 promoter sequences; M: Amplification gener-
ated with methylation-specific primers.

Determination of dose-response curve

For determination of the dose-response curve, MIA PaCa-
2 cells were transfected with pcDNA3.1-Dkk3 or pcD-
NA3.1. Six hours after transfection, cells were seeded
in 96-cell plates in triplicate at a density of 3000 cells/
well and were allowed to adhere. Gemcitabine (LILLY,
France) was added to the medium 24 h after transfec-
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tion. Cell proliferation was determined 72 h after gem-
citabine addition using the CellTiter 96" AQueous One
Solution Cell Proliferation Assay (MTS, Promega, WI,
United States), according to the manufacturet’s protocol.
The spectrophotometric absorbance of each sample was
measured at 490 nm using the TECAN spectra (Thermo,
Austria). Percent proliferation relative to the controls was
calculated based on the MTS read-out; the I1Cso value was
defined as the concentration of drug that produced a
50% reduction in absorbance relative to the control.

Cell growth assay

For the cell growth assay, MIA PaCa-2 cells were trans-
fected with pcDNA3.1-Dkk3 or pcDNA3.1. At 6 h after
transfection, cells were seeded in 96-well plates in tripli-
cate at a density of 1000 cells/well and were allowed to
adhere overnight. At 24 h, 48 h and 72 h, cell proliferation
was determined using MTS (Promega, W1, United States)
according to the manufacturer’s protocol. The spectro-
photometric absorbance of each sample was measured at
490 nm using the TECAN spectra (Thermo, Austria).

Statistical analysis

Statistical analysis was performed using SPSS 16.0 software.
Unless otherwise indicated, the level of significance for
differences between data sets was assessed using # test and
one-way analysis of variance. Data are expressed as the
mean * SD. P < 0.05 was considered statistically significant.

RESULTS

Dkk3 is downregulated in pancreatic cancer cell lines

Dkk3 expression was assessed in four human pancre-
atic cancer cell lines (PANC-1, MIA PaCa-2, AsPC-1,
BxPC-3). A low level of Dkk3 mRNA was observed in all
cell lines, although Dkk3 expression in PANC-1 cells was
slightly higher than in the other three cell lines (Figure 1).
Dkk3 protein expression was too low to detect by West-
ern blotting or immunofluorescence (data not shown).

Methylation of the Dkk3 promoter in pancreatic cancer
cell lines

Through the use of MSP, we found that the Dkk3 pro-
moter sequence was significantly methylated in MIA
PaCa-2 and AsPC-1 cells, which were the cell lines with
reduced Dkk3 expression. Conversely, the Dkk3 pro-
moter sequence was unmethylated in the PANC-1 cells,
which had slightly higher Dkk3 expression (Figure 2).

Demethylation of the Dkk3 promoter

Because methylation of the Dkk3 promoter sequence was
detected in MIA PaCa-2 and AsPC-1 cells, we chose to
treat these two cell lines with 10 umol/L and 20 umol/L,
respectively, of the DNA methyltransferase inhibitor 5-aza-
dC. After treatment with 5-aza-dC, for 48 h ot 72 h, the
cells were harvested to determine Dkk3 mRNA expres-
sion by real-time reverse transcription PCR. The results
showed that these two cell lines with methylated Dkk3
promoters showed increased Dkk3 mRNA expression,
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Figure 3 Dickkopf3 mRNA expression after demethylation in vitro. A, B: AsPC-1 and MIA PaCa-2 cells were treated with 10 umol/L and 20 umol/L of the DNA
demethylating agent, 5-aza-dC, for 48 h or 72 h, respectively. The results show that these two cell lines, in which the Dickkopf3 (Dkk3) promoter was initially heavily
methylated, had increased Dkk3 mRNA expression that was dependent on the dosage and timing of 5-aza-dC treatment (°P < 0.05 vs untreated MIA PaCa-2 cells or
untreated AsPC-1 cells, °P < 0.01 vs untreated MIA PaCa-2 cells or untreated AsPC-1 cells); C, D: Control cells were incubated with dimethy! sulfoxide and fresh me-

dium. RQ: Relative quantitation; Dkk3: Dickkopf3; DMSO: Dimethy! sulfoxide.

which was dependent on the dosage and timing of 5-aza-
dC treatment (P < 0.05 or P < 0.01) (Figure 3).

Overexpression of Dkk3 suppresses pancreatic cancer
cell growth and 3-catenin expression

To study the roles of Dkk3 in the progression of pancrea-
tic cancer, MIA PaCa-2 cells were transfected with pc-
DNA3.1-Dkk3 or pcDNA3.1. After transfection, Dkk3
mRNA and protein levels significantly increased in the
pcDNA3.1-Dkk3-transfected cells (P < 0.01), while no
significant changes were observed in the pcDNA3.1-
transfected cells (Figure 4A and B). At 48 h and 72 h af-
ter transfection, the B-catenin mRNA and protein expres-
sion levels were significantly decreased in the pcDNA3.1-
Dkk3-transfected cells (P < 0.01) (Figure 4B and C).
The protein expression of pERK was also decreased, but
there was no significant change in total ERK expression
(Figure 4B). The results of the MTS assay showed that in
the pcDNA3.1-Dkk3-transfected cells, proliferation ca-
pacity was lower than in the pcDNA3.1-transfected cells
(P < 0.01) (Figure 4D).

Sensitivity of Dkk3-overexpressing pancreatic cancer
cells to gemcitabine
A dose-response curve was constructed, and the 1Cso val-
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ues were compared to determine the influence of Dkk3
overexpression in pancreatic cancer cells on the effect of
gemcitabine on cell growth. MIA PaCa-2 cells were trans-
fected with pcDNA3.1-Dkk3 or pcDNA3.1. Seventy-two
hours after gemcitabine addition, the ICso values for gem-
citabine were 0.621 umol/L for pcDNA3.1-Dkk3-trans-
fected cells and 1.877 prnol/ L for pcDNA3.1-transfected
cells (Figure 4E). These results show that the ICso value
of the Dkk3-overexpressing cells was significantly lower
than that of the control cells.

DISCUSSION

Dkk3 is expressed in many normal human tissues” ., It
was previously reported that Dkk3 expression is gener-
ally low in some tumors, such as sporadic epithelial ovar-
ian cancer, cervical cancer, mammary tumors, malignant

melanoma, hepatoma and kidney, pancreas, gastric and
lung cancers”™ ™" . Additional studies also revealed
the association between Dkk3 expression and cancer
metastasis or prognosis in gastric cancer, renal cancer and
head and neck squamous cell carcinoma™ ™, However,
Dkk3 expression and its roles in pancreatic cancer remain
unknown. In this study, we detected Dkk3 expression in
human pancreatic cancer cells. We found that both Dkk3
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Figure 4 The effects of dickkopf3 overexpression on pancreatic cancer cells. MIA PaCa-2 cells were transfected with pcDNA3.1-dickkopf3 (Dkk3) or pcDNA3.1
vector. A, B: After transfection, Dkk3 mRNA and protein expression were examined by real-time reverse transcription polymerase chain reaction (real-time RT-PCR)
and Western blotting. The results show that in the pcDNA3.1-Dkk3-transfected MIA PaCa-2 cells, Dkk3 expression was significantly upregulated (P < 0.01, °P < 0.01
vs MIA PaCa-2 cells). B, C: p-catenin expression was examined by real-time RT-PCR and western blotting. p-catenin expression was downregulated 48 h and 72 h
after transfecting pcDNA3.1-Dkk3 into MIA PaCa-2 cells (P < 0.01, °P < 0.01 vs MIA PaCa-2 cells). B: The expression of extracellular signal-regulated protein kinases
(ERK) and phosphorylated extracellular signal-regulated protein kinases (pERK) was examined by western blotting. The expression of pERK was simultaneously
downregulated, without a significant change in total ERK expression. D: MTS assay results showed that the proliferative ability of pcDNA3.1-Dkk3-transfected cells
was lower than that of pcDNA3.1-transfected cells (P < 0.01, °P < 0.01). E: Dose-response analysis of pcDNA3.1- or pcDNA3.1-Dkk3-transfected MIA PaCa-2 cells
with gemcitabine treatment. Seventy-two hours after gemcitabine addition, the IC50 values for gemcitabine were 0.621 umol/L for pcDNA3.1-Dkk3-transfected cells
and 1.877 umol/L for pcDNA3.1-transfected cells. PERK: Phosphorylated extracellular signal-regulated protein kinases; ERK: Extracellular signal-regulated protein
kinases; RQ: Relative quantitation; Dkk3: Dickkopf3; DMSO: Dimethy! sulfoxide.

protein and mRNA expression levels were low in all cell
lines examined. Our results are partly in agreement with
those of Takahashi N ¢z a/””.

Methylation of the Dkk3 promoter has been obser-
ved in hepatocellular carcinoma, breast cancer, malignant
astrocytic glioma, acute myeloid and lymphoblastic leu-
kemia and gastrointestinal and bladder cancers”” ",
Our MSP results showed that the Dkk3 promoter was
methylated in MIA PaCa-2 and AsPC-1 cells, in which
Dkk3 expression was low. After treatment with the DNA
methyltransferase inhibitor 5-aza-dC, MIA PaCa-2 and
AsPC-1 cells, which initially bore heavily methylated
Dkk3 promoters, showed increased Dkk3 mRNA expres-
sion. In the present study, we demonstrated for the first
time that decreased Dkk3 gene expression was associated
with promoter methylation in two human pancreatic can-

cer cell lines (MIA PaCa-2 and AsPC-1). The inhibition
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of DNA methyltransferase activity by 5-aza-dC led to a
reversion of methylation and upregulated expression of
the previously downregulated gene.

Additional studies have recently demonstrated that
Dkk3 has distinct roles in regulating the malignant behav-
ior of cancer cells, depending on which cells are exam-
ined. For example, Dkk3 can reduce malignancy in mouse
prostate cancer RM9 cells 7 vitro and in vivd™. Dkk3 can
induce apoptosis or cell death in human bladder cancer,
prostate cancer, breast cancer and lung cancer cells™*+*1,
Dkk3 can inhibit tumor growth and metastasis in an
orthotopic prostate cancer model"”. While Jung ez al™
found that Dkk3 acts as an antiapoptotic molecule in
lung adenocarcinoma, our results show that Dkk3 over-
expression inhibited pancreatic cancer cell growth. The
results revealed that in the pcDNA3.1-Dkk3-transfected
MIA PaCa-2 cells, B-catenin mRNA and protein expres-
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sion levels were both downregulated. Phosphorylation
of ERK was decreased. These data demonstrate that
Dkk3 suppressed MIA PaCa-2 cell growth by inhibiting
[-catenin expression. Our results were consistent with
the findings of Yue ez al™ in lung cancer. We hypothesize
that Dkk3 acts as a Wnt signal transduction inhibitor in
human pancreatic cancer cells.

Gemcitabine is the most commonly used chemo-
therapy drug for pancreatic cancer. Notably, our results
show that gemcitabine’s 1Cso value for pcDNA3.1-Dkk3-
transfected cells was significantly lower than that for the
control cells. Dkk3 overexpression enhanced the sensitiv-
ity of pancreatic cancer cells to gemcitabine.

In summary, our results suggest that Dkk3 acts as
a tumor suppressor in human pancreatic cancer cells
by downregulating B-catenin expression via the ERK-
mediated pathway. Dkk3 may be a valid adjunctive target
of gemcitabine for the treatment of human pancreatic
cancet.

COMMENTS

Background

Pancreatic cancer is the sixth leading cause of cancer death in China. The
overall five-year survival rate is approximately 1%-3%. Pancreatic cancer
remains one of the most aggressive human cancers. Recognizing the factors
associated with pancreatic cancer progression is critical for its treatment.

Research frontiers

Dickkopf family proteins are secreted modulators of the canonical Wnt signaling
pathway. Dickkopf 3 (Dkk3) is a member of the dickkopf family proteins. Dkk3
is downregulated in some tumors, and its overexpression inhibits tumor growth.
The Dkk3 promoter sequence is methylated in several tumors. However, in lung
adenocarcinomas, Dkk3 functions as an oncogene. Recently, other studies
have demonstrated that Dkk3 plays distinct roles in different cells.

Innovations and breakthroughs

To date, no study has investigated Dkk3 expression and its roles in human
pancreatic cancer cell behavior. In this study, the authors investigated Dkk3 ex-
pression and promoter sequence methylation in human pancreatic cancer cells.
The effects of Dkk3 on cell proliferation and sensitivity to gemcitabine were
simultaneously observed after expression was increased in MIA PaCa-2 cells,
following transfection with the Dkk3 expression plasmid. According to the ex-
perimental results, the authors for the first time, confirmed that Dkk3 acts as a
tumor suppressor in human pancreatic cancer cells by downregulating B-catenin
expression via the ERK-mediated pathway. Dkk3 overexpression enhanced the
sensitivity of pancreatic cancer cells to gemcitabine.

Applications

This study indicates that Dkk3 may be a valid adjunctive target of gemcitabine
for the treatment of human pancreatic cancer.

Peer review

This is a paper that reports that Dkk3 is a tumor suppressor gene in pancreatic
cancer. The findings are interesting, and overall writing is good.

REFERENCES

1 Guo X, Cui Z. Current diagnosis and treatment of pancreatic
cancer in China. Pancreas 2005; 31: 13-22

2 Vitone LJ, Greenhalf W, McFaul CD, Ghaneh P, Neoptol-
emos JP. The inherited genetics of pancreatic cancer and
prospects for secondary screening. Best Pract Res Clin Gastro-
enterol 2006; 20: 253-283

3 Fong D, Hermann M, Untergasser G, Pirkebner D, Draxl A,
Heitz M, Moser P, Margreiter R, Hengster P, Amberger A.
Dkk-3 expression in the tumor endothelium: a novel prog-

(49

Boishidengs WIG | www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

20

21

nostic marker of pancreatic adenocarcinomas. Cancer Sci
2009; 100: 1414-1420

Niehrs C. Function and biological roles of the Dickkopf fam-
ily of Wnt modulators. Oncogene 2006; 25: 7469-7481
Krupnik VE, Sharp JD, Jiang C, Robison K, Chickering TW,
Amaravadi L, Brown DE, Guyot D, Mays G, Leiby K, Chang
B, Duong T, Goodearl AD, Gearing DP, Sokol SY, McCarthy
SA. Functional and structural diversity of the human Dick-
kopf gene family. Gene 1999; 238: 301-313

Davidson G, Mao B, del Barco Barrantes I, Niehrs C. Kre-
men proteins interact with Dickkopfl to regulate anteropos-
terior CNS patterning. Development 2002; 129: 5587-5596

Mao B, Wu W, Davidson G, Marhold ], Li M, Mechler BM,
Delius H, Hoppe D, Stannek P, Walter C, Glinka A, Niehrs C.
Kremen proteins are Dickkopf receptors that regulate Wnt/
beta-catenin signalling. Nature 2002; 417: 664-667

Nakamura RE, Hackam AS. Analysis of Dickkopf3 interac-
tions with Wnt signaling receptors. Growth Factors 2010; 28:
232-242

Abarzua F, Sakaguchi M, Takaishi M, Nasu Y, Kurose K,
Ebara S, Miyazaki M, Namba M, Kumon H, Huh NH. Ade-
novirus-mediated overexpression of REIC/DKkk-3 selectively
induces apoptosis in human prostate cancer cells through ac-
tivation of c-Jun-NH2-kinase. Cancer Res 2005; 65: 9617-9622
Edamura K, Nasu Y, Takaishi M, Kobayashi T, Abarzua F,
Sakaguchi M, Kashiwakura Y, Ebara S, Saika T, Watanabe
M, Huh NH, Kumon H. Adenovirus-mediated REIC/Dkk-3
gene transfer inhibits tumor growth and metastasis in an
orthotopic prostate cancer model. Cancer Gene Ther 2007; 14:
765-772

Tsuji T, Nozaki I, Miyazaki M, Sakaguchi M, Pu H,
Hamazaki Y, lijima O, Namba M. Antiproliferative activity
of REIC/Dkk-3 and its significant down-regulation in non-
small-cell lung carcinomas. Biochem Biophys Res Commun
2001; 289: 257-263

Kurose K, Sakaguchi M, Nasu Y, Ebara S, Kaku H, Kariyama
R, Arao Y, Miyazaki M, Tsushima T, Namba M, Kumon H,
Huh NH. Decreased expression of REIC/Dkk-3 in human
renal clear cell carcinoma. | Urol 2004; 171: 1314-1318

Qin SY, Liu ZM, Jiang HX, Ge LY, Tao L, Tang GD, Nie HM.
Detection of reduced mRNA expression of REIC/Dkk-3
gene in human primary hepatocellular carcinoma. Zhonghua
Ganzangbing Zazhi 2006; 14: 775-776

Koppen A, Ait-Aissa R, Koster ], Qra I, Bras ], van Sluis PG,
Caron H, Versteeg R, Valentijn L]. Dickkopf-3 expression is
a marker for neuroblastic tumor maturation and is down-
regulated by MYCN. Int | Cancer 2008; 122: 1455-1464

Hsieh SY, Hsieh PS, Chiu CT, Chen WY. Dickkopf-3/REIC
functions as a suppressor gene of tumor growth. Oncogene
2004; 23: 9183-9189

Lee EJ, Jo M, Rho SB, Park K, Yoo YN, Park J, Chae M,
Zhang W, Lee JH. Dkk3, downregulated in cervical cancer,
functions as a negative regulator of beta-catenin. Int | Cancer
2009; 124: 287-297

Zhang Y, Dong WG, Yang ZR, Lei XF, Luo HS. Expression
of Dickkopf-3 in esophageal squamous cell carcinoma. Zhon-
ghua Neike Zazhi 2010; 49: 325-327

Kuphal S, Lodermeyer S, Bataille F, Schuierer M, Hoang BH,
Bosserhoff AK. Expression of Dickkopf genes is strongly re-
duced in malignant melanoma. Oncogene 2006; 25: 5027-5036
You A, Fokas E, Wang LF, He H, Kleb B, Niederacher D,
Engenhart-Cabillic R, An HX. Expression of the Wnt antago-
nist DKK3 is frequently suppressed in sporadic epithelial
ovarian cancer. | Cancer Res Clin Oncol 2011; 137: 621-627
Kobayashi T, Sakaguchi M, Tanimoto R, Abarzua F, Takai-
shi M, Kaku H, Kataoka K, Saika T, Nasu Y, Miyazaki M,
Kumon H, Huh NH. Mechanistic analysis of resistance to
REIC/DKkk-3-induced apoptosis in human bladder cancer
cells. Acta Med Okayama 2008; 62: 393-401

Abarzua F, Kashiwakura Y, Takaoka M, Watanabe M, Ochi-

September 7, 2011 | Volume 17 | Issue 33 |



22

23

24

25

26

27

28

29

30

31

32

33

34

ai K, Sakaguchi M, Iwawaki T, Tanimoto R, Nasu Y, Huh
NH, Kumon H. An N-terminal 78 amino acid truncation of
REIC/DKkk-3 effectively induces apoptosis. Biochem Biophys
Res Commun 2008; 375: 614-618

Nozaki I, Tsuji T, Iijima O, Ohmura Y, Andou A, Miyazaki M,
Shimizu N, Namba M. Reduced expression of REIC/Dkk-3
gene in non-small cell lung cancer. Int | Oncol 2001; 19:
117-121

Mizobuchi Y, Matsuzaki K, Kuwayama K, Kitazato K, Mure
H, Kageji T, Nagahiro S. REIC/DKkk-3 induces cell death in
human malignant glioma. Neuro Oncol 2008; 10: 244-253
Kawasaki K, Watanabe M, Sakaguchi M, Ogasawara Y,
Ochiai K, Nasu Y, Doihara H, Kashiwakura Y, Huh NH, Ku-
mon H, Date H. REIC/Dkk-3 overexpression downregulates
P-glycoprotein in multidrug-resistant MCF7/ADR cells and
induces apoptosis in breast cancer. Cancer Gene Ther 2009; 16:
65-72

Chen J, Watanabe M, Huang P, Sakaguchi M, Ochiai K,
Nasu Y, Ouchida M, Huh NH, Shimizu K, Kashiwakura Y,
Kaku H, Kumon H. REIC/Dkk-3 stable transfection reduces
the malignant phenotype of mouse prostate cancer RM9
cells. Int | Mol Med 2009; 24: 789-794

Tanimoto R, Abarzua F, Sakaguchi M, Takaishi M, Nasu Y,
Kumon H, Huh NH. REIC/Dkk-3 as a potential gene thera-
peutic agent against human testicular cancer. Int | Mol Med
2007; 19: 363-368

Urakami S, Shiina H, Enokida H, Kawakami T, Kawamoto
K, Hirata H, Tanaka Y, Kikuno N, Nakagawa M, Igawa M,
Dahiya R. Combination analysis of hypermethylated Wnt-
antagonist family genes as a novel epigenetic biomarker
panel for bladder cancer detection. Clin Cancer Res 2006; 12:
2109-2116

Gotze S, Wolter M, Reifenberger G, Miiller O, Sievers S. Fre-
quent promoter hypermethylation of Wnt pathway inhibitor
genes in malignant astrocytic gliomas. Int | Cancer 2010; 126:
2584-2593

Yang B, Du Z, Gao YT, Lou C, Zhang SG, Bai T, Wang Y],
Song WQ. Methylation of Dickkopf-3 as a prognostic factor
in cirrhosis-related hepatocellular carcinoma. World | Gastro-
enterol 2010; 16: 755-763

Ding Z, Qian YB, Zhu LX, Xiong QR. Promoter methylation
and mRNA expression of DKK-3 and WIF-1 in hepatocellu-
lar carcinoma. World | Gastroenterol 2009; 15: 2595-2601
Kobayashi K, Ouchida M, Tsuji T, Hanafusa H, Miyazaki
M, Namba M, Shimizu N, Shimizu K. Reduced expression of
the REIC/DKkk-3 gene by promoter-hypermethylation in hu-
man tumor cells. Gene 2002; 282: 151-158

Veeck J, Bektas N, Hartmann A, Kristiansen G, Heindrichs U,
Kniichel R, Dahl E. Wnt signalling in human breast cancer:
expression of the putative Wnt inhibitor Dickkopf-3 (DKK3)
is frequently suppressed by promoter hypermethylation in
mammary tumours. Breast Cancer Res 2008; 10: R82

Jung IL, Kang HJ, Kim KC, Kim IG. Knockdown of the Dick-
kopf 3 gene induces apoptosis in a lung adenocarcinoma. Int
J Mol Med 2010; 26: 33-38

Barrantes Idel B, Montero-Pedrazuela A, Guadafio-Ferraz A,
Obregon M]J, Martinez de Mena R, Gailus-Durner V, Fuchs

(49

TR
JBaishideng®

WIJG | www.wjgnet.com

3817

35

36

37

38

39

40

41

42

43

44

45

Gu YM et al. Dkk3 and pancreatic cancer

H, Franz TJ, Kalaydjiev S, Klempt M, Holter S, Rathkolb B,
Reinhard C, Morreale de Escobar G, Bernal J, Busch DH,
Wurst W, Wolf E, Schulz H, Shtrom S, Greiner E, Hrabé de
Angelis M, Westphal H, Niehrs C. Generation and charac-
terization of dickkopf3 mutant mice. Mol Cell Biol 2006; 26:
2317-2326

Hermann M, Pirkebner D, Draxl A, Berger P, Untergasser G,
Margreiter R, Hengster P. Dickkopf-3 is expressed in a sub-
set of adult human pancreatic beta cells. Histochem Cell Biol
2007; 127: 513-521

Miihlmann G, Untergasser G, Zitt M, Zitt M, Maier H, Mi-
kuz G, Kronberger IE, Haffner MC, Gunsilius E, Ofner D.
Immunohistochemically detectable dickkopf-3 expression in
tumor vessels predicts survival in gastric cancer. Virchows
Arch 2010; 456: 635-646

Hirata H, Hinoda Y, Nakajima K, Kikuno N, Yamamura S,
Kawakami K, Suehiro Y, Tabatabai ZL, Ishii N, Dahiya R.
Wnt antagonist gene polymorphisms and renal cancer. Can-
cer 2009; 115: 4488-4503

Katase N, Gunduz M, Beder L, Gunduz E, Lefeuvre M,
Hatipoglu OF, Borkosky SS, Tamamura R, Tominaga S, Ya-
manaka N, Shimizu K, Nagai N, Nagatsuka H. Deletion at
Dickkopf (dkk)-3 locus (11p15.2) is related with lower lymph
node metastasis and better prognosis in head and neck squa-
mous cell carcinomas. Oncol Res 2008; 17: 273-282

Takahashi N, Fukushima T, Yorita K, Tanaka H, Chijiiwa K,
Kataoka H. Dickkopf-1 is overexpressed in human pancre-
atic ductal adenocarcinoma cells and is involved in invasive
growth. Int | Cancer 2010; 126: 1611-1620

Fujikane T, Nishikawa N, Toyota M, Suzuki H, Nojima M,
Maruyama R, Ashida M, Ohe-Toyota M, Kai M, Nishidate T,
Sasaki Y, Ohmura T, Hirata K, Tokino T. Genomic screening
for genes upregulated by demethylation revealed novel tar-
gets of epigenetic silencing in breast cancer. Breast Cancer Res
Treat 2010; 122: 699-710

Veeck J, Wild PJ, Fuchs T, Schiiffler PJ, Hartmann A, Kniichel
R, Dahl E. Prognostic relevance of Wnt-inhibitory factor-1
(WIF1) and Dickkopf-3 (DKK3) promoter methylation in hu-
man breast cancer. BMC Cancer 2009; 9: 217

Valencia A, Roman-Gémez ], Cervera |, Such E, Barragan
E, Bolufer P, Moscard¢ F, Sanz GF, Sanz MA. Wnt signaling
pathway is epigenetically regulated by methylation of Wnt
antagonists in acute myeloid leukemia. Leukemia 2009; 23:
1658-1666

Maehata T, Taniguchi H, Yamamoto H, Nosho K, Adachi
Y, Miyamoto N, Miyamoto C, Akutsu N, Yamaoka S, Itoh F.
Transcriptional silencing of Dickkopf gene family by CpG
island hypermethylation in human gastrointestinal cancer.
World | Gastroenterol 2008; 14: 2702-2714

Roman-Gomez J, Jimenez-Velasco A, Agirre X, Castillejo
JA, Navarro G, Barrios M, Andreu EJ, Prosper F, Heiniger A,
Torres A. Transcriptional silencing of the Dickkopfs-3 (Dkk-3)
gene by CpG hypermethylation in acute lymphoblastic leu-
kaemia. Br | Cancer 2004; 91: 707-713

Yue W, Sun Q, Dacic S, Landreneau R], Siegfried JM, Yu J,
Zhang L. Downregulation of Dkk3 activates beta-catenin/
TCF-4 signaling in lung cancer. Carcinogenesis 2008; 29: 84-92

S- Editor TianL L- Editor Webster JR E- Editor Xiong L

September 7, 2011 | Volume 17 | Issue 33 |



