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Low expression of Dapperl induces malignancy via the
Wnt signalling pathway and is associated with poor
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Abstract: Gastric cancer is the second leading cause of cancer death and remains a major clinical challenge due to
poor prognosis and limited treatment options. The Wnt signalling pathway is abnormally activated in gastric cancer
as well as many other malignancies. The aim of this study was to explore the clinical significance and prognostic
value of Dapperl expression and its regulation of the Wnt signalling pathway in gastric cancer. Real-time PCR and
immunohistochemistry were respectively performed to investigate the expression of DAPPER1 at mRNA and pro-
tein level in both gastric cancer tissues and adjacent normal mucosa tissues. We found that DAPPER1 mRNA and
protein was commonly downregulated is gastric cancer tissues. The lower expression of DAPPER1 was significantly
correlated with tumor invasion, lymph-node metastasis, and TNM stage (P < 0.05). Survival analysis revealed that
DAPPER1 is a prognostic predictor of gastric cancer (P = 0.046). Overexpression of DAPPER1 in SGC7901 cells
significantly inhibited cell proliferation while increasing apoptosis. Overexpression of DAPPER1 led to reduced ex-
pression of Dvl-2, B-catenin, survivin, and bcl-xl. Similarly, there was reduced expression of survivin, the canonical
Whnt-signalling target gene. Finally, overexpressed DAPPER1 inhibited tumour growth of SGC7901 cells transplanted
into athymic nude mice. In conclusion, our results suggest that downregulation of Dapperl gene expression in hu-
man gastric carcinoma promotes tumour development through regulating the canonical Wnt-signalling pathway.
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Introduction 39,387,891 in the forward orientation (draft
sequence NT_025892.9). DAPPER1 mRNA is
expressed in amnion, foetal brain, eye, heart,
adult brain medulla, acute lymphoblastic leu-
kaemia, germ cell tumour, chondrosarcoma,
and parathyroid tumour [5]. Endogenous Dpril
has been shown to enhance Wnt/B-catenin
activity in zebrafish embryos that are hypo-
morphic for Wnt. Dprl synergizes with zebrafish
Dvl2 and with the Dvl-interacting kinases,
CK1e, Parl, and CK2, in activating target genes
[6]. The inhibitory activity of Dprl on Wnt signal-
ling is conserved from Xenopus to humans;
Dprl antagonism of Wnt signalling via inducing
Dvl degradation is similarly conserved [3]. Dprl
regulates adipogenesis through its coordinated
The human DAPPER1 gene is located in the effects on gene expression that selectively alter
genome at nucleotide position 39,378,960- intracellular and paracrine/autocrine compo-

Gastric cancer is a leading cause of cancer-
related mortality worldwide [1]. Like other
malignancies, the development of gastric can-
cer is a multi-step process involving aberrant
signal transduction. In particular, the Wnt sig-
nalling pathway is abnormally activated in gas-
tric cancer as well as many other malignancies
[2]. Dishevelled (Dvl) is a central mediator of
Wnt signalling in both the canonical and nonca-
nonical pathways. It inhibits glycogen synthase
kinase 3B-induced degradation of B-catenin.
Dapperl (Dprl) is a Dvl-interacting protein that
negatively regulates canonical Wnt signalling
and is required for notochord formation [3, 4].
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nents of the Wnt/B-catenin signalling pathway
[7]. Human Dprl can inhibit Wnt signalling by
promoting Dvl degradation in colorectal cancer
[8, 9]. Dprl may play an important role in inhib-
iting the development of malignant tumours
and may become a new target for cancer diag-
nosis and treatment. However, the expression
profile of Dprl and its functional mechanism in
gastric cancer have never been reported.

Materials and methods
Patients and tissues

Frozen specimens of gastric cancer and adja-
cent normal mucosa were obtained prospec-
tively from 30 consecutive patients undergoing
surgical resection for gastric cancer at Peking
University People’s Hospital in 2010. The sam-
ples were immediately used for mRNA extrac-
tion to measure DAPPER1 expression.

An additional group of 84 gastric-cancer pa-
tients were confirmed by pathology and they
underwent radical surgery at Peking University
People’s Hospital from 2004 to 2006. No pre-
operative chemotherapy or radiotherapy was
administered. From these patients, paraffin-
embedded specimens were obtained and were
analysed for Dprl protein expression by immu-
nohistochemistry. All patients were followed by
direct evaluation or phone interview until death
orJune 2012.

This study was approved by the Human Ethics
Committee of Peking University People’s
Hospital. All patients provided informed con-
sent, and no children were enrolled.

Reverse transcription polymerase chain reac-
tion (RT-PCR)

Total RNA was extracted from liquid-nitrogen-
frozen human tissue using Trizol. After chloro-
form extraction, RNA was precipitated with iso-
propanol. DNase | was used to remove genomic
DNA contamination. cDNA was synthesized
from the extracted RNA using Superscript Il
reverse transcriptase (GIBCO) at 42°C for 60
min. PCR conditions were as follows: 32 cycles
of 94°C for 45 sec, 60°C for 45 sec, and 72°C
for 45 sec. After PCR products were electropho-
resed at 100 V for 30 min, a gel image was
taken and analysed semi-quantitatively to
determine the grey value.
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Western blot

Whole-cell extracts from gastric cancer cell
lines, BGC823, MGC803, and SGC7901, were
mixed with 2x sample buffer and heated at
100°C for 5 min. Proteins (50 ug/lane) were
separated on a 10% SDS-PAGE separating gel
and 4% stacking gel and were transferred onto
a nitrocellulose membrane. Membranes were
blocked for 2 h in 2.5% Blotto pre-hybridization
solution. After blocking, membranes were incu-
bated with the appropriate primary antibody
(Dprdl, DvI-2, B-catenin, Survivin, Bcl-2, or Bel-xl
rabbit anti-human antibody) in 2.5% Blotto pre-
hybridization solution at 4°C overnight. After
washing the membranes three times with 2.5%
Blotto pre-hybridization solution for 15 min
each, they were incubated with horseradish
peroxidase-conjugated secondary antibody in
2.5% Blotto pre-hybridization solution for 45
min. Subsequently, membranes were washed
twice with Tris-buffered saline with Tween (TBS-
T) and once with TBS and were developed using
the enhanced chemiluminescence (ECL) detec-
tion system. Quantitation of the signal for
Dpri, Dvl-2, B-catenin, Survivin, Bcl-2, and Bcl-
xI was performed using a Density Scanner
(ZEISS automatic image analyser, VIDAS data
analysis).

Immunohistochemistry

Human tissues embedded in paraffin wax were
sectioned to a thickness of 4 mm. Slides were
stained with primary antibody (rabbit anti-
human Dprl) using 3% H,0, solution as a
blocking agent. Slides were incubated at 4°C
overnightin a 1:100 dilution of the primary anti-
body and were washed three times with phos-
phate-buffered saline (PBS) for 5 min each.
Slides were incubated with horseradish peroxi-
dase-conjugated secondary antibody and were
developed with 3,3-diaminobenzidine (DAB)
solution.

Flow cytometry

Efficiency of plasmid transfection and apopto-
sis of gastric cancer cell lines were determined
by fluorescence microscopy (Olympus IX70)
and FAC Sort flow cytometer (Becton Dickin-
son). Cultured cells were collected by centrifug-
ing for 5 min, washed twice in PBS, and resus-
pended in binding buffer. Cells were stained
with ANNEXIN V-FITC (1 pg/ml) and PI (2.5 ug/
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Dprl. The cells (10°) were
implanted subcutaneously in-
to the bilateral forelimb axilla
with a 26-gauge needle and
1-ml  syringe. Mice were
assessed at 1, 2, 3, 4, and 5
weeks after implantation, and
tumour nodules were mea-
sured using a vernier calliper.
The long diameter (dmax) and
the short diameter (dmin) of
the subcutaneous tumours
were recorded. Tumour vol-
ume was calculated accord-
ing to the following formula:
Volume (V) = 0.52x dmin? x
dmax. A tumour growth curve
was drawn. The animal study

months

T protocol was approved by
80 the Animal Ethics Committee
of Peking University People’s
Hospital.

Figure 1. Relationship between Dprl expression and survival of 84 gastric

cancer patients the overall five-year survival rate was 41.7%, while the sur-

Statistical analysis

vival rate of patients with Dpr1-negative expression was 29.6% and the posi-

tive was 47.9%.

ml) and detected by flow cytometry. Arsenic
trisulphide-induced acute promyelocytic leu-
kaemia NB-4 apoptotic cells were used as a
positive control.

Plasmid construct

Plasmids pcDNA3.1 (+) and pcDNA3.1-Dpri
were gifts from Professor Chen Yeguang,
Tsinghua University. Plasmid pcDNA3.1-Dpril
was 7.9 kb in length and was comprised of
a fragment of human DAPPER1 cDNA inserted
into vector pcDNA3.1 (+) polyclonal site.
pcDNA3.1 (+) is 5.4 kb in length. Its multiple
clone site (MCS) was located at bases 895-
1,010, which contained the Xhol and EcoRI
restriction sites into which the DAPPER1 cDNA
fragment was inserted. Sequences were con-
firmed by restriction-enzyme digestion.

In vivo tumour xenograft study

Male athymic nude mice (6-week-old BALB-c/
nu/nu) were randomly assigned to three groups,
the control group, empty-vector group, and
experimental group (6 animals per group). The
gastric cancer cell line SGC7901 was transfect-
ed with plasmid pcDNA3.1 (+) or pcDNA3.1-

1048

All data were analysed using

SPSS 16.0 statistical soft-
ware, and differences were considered signifi-
cant when P < 0.05. The Chi-square test was
used to analyse the relationship between
Dprl expression variation in tumour tissue and
the clinicopathological parameters of 84 gas-
tric-cancer patients. The Kaplan-Meier method
was used to draw the survival curve of 84 gas-
tric-cancer patients, and the Log-rank method
was used to analyse the relationship between
Dprl expression variation in tumour tissue and
patient outcomes.

Results
DAPPER1 expression in gastric cancer tissues

DAPPER1 mRNA expression was significantly
lower in tumour tissue than in adjacent normal
mucosa from 17 of 30 gastric-cancer patients
(Supplementary Figure 1). Dprl protein expres-
sion was lower in tumour tissue than in adja-
cent normal mucosa from 59 of 84 (70.2%)
gastric-cancer patients. Immunohistochemistry
results showed that Dprl protein was mainly
localized in the cytoplasm, while the nucleus

was free of expression (Supplementary Figure
2).
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empty-vector group (Figure 2).
Proliferation of SGC7901 cells
was reduced by 19% in the
experimental group as com-
pared to the control group
and empty-vector group at
both 48 and 72 h after trans-
fection (P < 0.05) (Supple-
mentary Figure 4).
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Figure 2. DAPPER1 mRNA and Dpr1 protein levels in DAPPER1-overexpress-

ing SGC7901 cells.

Dprl protein expression was absent from gas-
tric tumour tissues of 36 patients (44%) and
present in gastric tumour tissues of 48 patients
(56%). The level of Dprl protein expression
correlated with depth of tumour invasion (P =
0.046), lymph-node metastasis (P = 0.016),
and TNM stage (P = 0.048) but not with the
patient’s gender or age or degree of tumour dif-
ferentiation (Borrmann type).

Kaplan-Meier survival curves showed that sur-
vival of patients whose tumours were positive
for Dprl protein expression was significantly
higher than patients whose tumours were neg-
ative for Dprl protein expression (Figure 1, P =
0.046).

Effect of DAPPER1 overexpression on gastric
cancer cell lines

Dprl protein expression level was lower in
SGC7901 cells than in MGC803 cells; B-catenin
protein expression level was higherin SGC7901
than in BGC823 cells or MGC803 cells; Dvl-2
protein expression level was similar among the
three gastric cancer cell lines (Supplementary
Figure 3). Based on these results, SGC7901
and BGC823 cell lines were selected for further
study.

In SGC7901 cells, DAPPER1 mRNA expression
was significantly higher in the experimental
group than in the control group and empty-vec-
tor group. Similarly, in SGC7901 cells, Dprl pro-
tein level was significantly higher in the experi-
mental group than in the control group and
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GAPDH

group than in the control
group and empty-vector group
(Figure 3). The apoptosis
rates were 13.96%, 2.89%,
and 3.67%, respectively. Simi-
larly, in BGC823 cells, the
apoptosis rate was significantly higher in the
experimental group than in the control group
and empty-vector group. The apoptosis rates
were 4.89%, 2.01%, and 2.08%, respectively.

Effect of DAPPER1 overexpression on Wnt
pathway proteins and their target genes

In SGC7901 cells, levels of Dvl-2 and B-catenin
proteins were significantly lower in the experi-
mental group than in the control group and
empty-vector group. In SGC7901 cells, Survivin
protein levels were significantly lower in the
experimental group than in the control group
and empty-vector group. Similarly, Survivin
MRNA levels in SGC7901 cells were significant-
ly lower in the experimental group than in the
control group and empty-vector group (Figure
4). In BGC823 cells, there were no differences
in Survivin protein or MRNA levels among the
experimental group, control group, and empty-
vector group 48 h after transfection (data not
shown).

Effect of DAPPER1 gene overexpression on
apoptosis-related protein Bcl-2 family mem-
bers

There were no significant differences in Bcl-2
protein expression among the experimental
group, control group, or empty-vector group in
either cell line (data not show). Bcl-xl protein
levels in both cell lines were significantly lower
in the experimental group than in the control
group and empty-vector group, while Bcl-xl
MRNA levels did not significantly differ among
the three groups (Supplementary Figure 5).
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Figure 3. Apoptosis in gastric cancer cells overexpressing DAPPER1 Upper: The lower right quadrant is early apop-
totic cells; upper right quadrant is late apoptotic cells. *apoptotic rate. Lower: Apoptosis of SGC7901 cells assessed
by fluorescence microscopy at 100x magnification. Annexin V has green fluorescence and is located in the mem-
brane; Pl has red fluorescence and is located in the nucleus.
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Xenograft growth rate was

control empty vector experiment
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90KD ———— —— i vector group. From the sec-
ond week, tumour volume in
the experimental group was
37KD E——  EE—  em— CA\PDH significantly lower than that in
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Figure 4. Dvl-2, B-catenin, and surviving protein expressed in DAPPER1-over-

expressing SGC7901 cells.

tumor volume (mm3)

the control group and empty-
vector group. There was no
significant difference in tu-
mour size between the con-
trol group and empty-vector
group (Figure 5).

Discussion

In 2002, Cheyette isolated
a novel Dvl-binding protein
from the Japanese toad body
using two-dimensional elec-
trophoresis technology [4].
Unlike previously character-
ized Dvl-binding proteins, this
protein inhibited the function

) of Dvl when bound to it; there-

e |

Figure 5. The effect of DAPPER1 on tumour growth in vivo. Upper: Growth
curve of SGC7901 cells overexpressing DAPPER1. Lower: Nude mice 5
weeks after inoculation with SGC7901 cells overexpressing DAPPER1.

Effect of DAPPER1 overexpression on tumouri-
genicity of SGC7901 cells in nude mice

There was no swelling, ulceration, or other
inflammatory response at the site of cell-cul-
ture injection. Tumours of approximately 1-mm
diameter could be seen at the injection site
subcutaneously one week after the inoculation.
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fore, Cheyette named it the
Dapper (Dpr). Subsequently,
Jushua divided Dpr proteins
into Dprl and Dpr2 accord-
ing to their functions [6].
Dprl's main function is in
regulating the classic Wnt/j-
catenin pathway, while Dpr2’s
main function is in regulating
‘- non-classic Wnt pathways.
. Thereafter, Jushua, Barbara,
Gloy, and Hikasa discovered
that Dprl regulated cell prolif-
eration and differentiation
and played an important role
in embryogenesis and organ-
ogenesis [10-12]. Therefore,
they speculated that Dprl
might also influence tumour
development.

In the present study, DAPPER1 mRNA levels
were significantly lower in gastric tumour tissue
than in the adjacent normal mucosa in 57% of
cases (17/30), which is consistent with Yau’s
finding from hepatocellular carcinoma [13].
Accordingly, Dprl protein levels were signifi-
cantly lower in gastric tumour tissue than in the
adjacent normal mucosa in 70% of cases

Int J Clin Exp Pathol 2016;9(2):1046-1053
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(59/84). Thus, we speculate that reduction of
Dprl protein expression is associated with the
development of gastric cancer. Furthermore,
Dprl expression level was correlated with
depth of tumour invasion, lymph-node metasta-
sis, and TNM stage. Thus, we deduce that Dprl
expression level is related to the development
of gastric cancer.

Our immunohistochemistry staining results
suggested that Dprl was mainly expressed in
the cytoplasm, which is consistent with previ-
ous reports [4]. In addition, high expression of
Dprl was identified in the cytoplasm of normal
stromal cells within the tumour tissue, and
Dprl expression level was similar to that in the
adjacent normal mucosa, suggesting that Dpril
is generally expressed at a high level in normal
human gastric tissue. Results from in-vitro
experiments confirmed that DAPPER1 overex-
pression inhibited cell proliferation, increased
apoptosis, and reduced tumourigenicity of gas-
tric cancer cells. Based on these results, we
concluded that decreased DAPPER1 expres-
sion is a feature of malignant tissue and is
related to the development of gastric cancer.

Dprl’s functional mechanism in inducing gas-
tric-cancer development remains unclear.
Cheyette and others have suggested that Dprl
inhibits the classic Wnt pathway [3, 4, 13].
Waxman has suggested that Dprl activates the
classic Wnt pathway [6]. Cheyette introduced
Dprl antisense oligonucleotides into HEK293
cells, which resulted in increased [B-catenin
expression [4]. Our study demonstrated that
DAPPER1 overexpression in the gastric-cancer
cell line SGC7901 inhibits B-catenin, the core
protein of the classic Wnt pathway, as well
as mMRNA expression of Survivin, the classic
Wnt-pathway target gene. These results are
consistent with those of Cheyette’'s study. In
addition, we found relatively low [-catenin
expression in the gastric-cancer cell line
BGC823. DAPPER1 overexpression in those
cells did not increase the expression of Survivin
MRNA or protein, suggesting that Dprl did not
activate the classic Wnt pathway. As such, we
conclude that Dprl inhibits the classic Wnt
pathway and thus promotes the development
of gastric cancer.

Interestingly, we obtained a contradictory find-
ing. Overexpression of DAPPER1 significantly
reduced Survivin protein expression in the gas-
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tric-cancer cell line SGC7901 but not in the
gastric-cancer cell line BGC823. Nevertheless,
overexpression of DAPPER1 significantly
increased the apoptosis rate in both cell lines,
indicating that Dprl may promote apoptosis
through a Wnt-independent pathway. Therefore,
we measured the expression of other apoptotic
proteins (Bcl-2 and Bcl-xl) after overexpression
of Dprl. Overexpression of DAPPER1 decreased
Bcl-xI protein expression in both SGC7901 and
BGC823 cells. Catlett-Falcone reported that
Stat3 bound to the Bcl-x gene at the APRE
sequence of Stat3-binding sites, a fragment of
about 600 bp, and initiated its transcription
[14]. Jing and others have shown that the Wnt/
B-catenin signalling pathway upregulates Stat3
gene expression in mouse embryonic carcino-
ma cells [15]. Based on these findings, we
speculate that Dprl's effect on apoptosis is
achieved through simultaneous interaction
with the Wnt and Stat3 signal transduction
pathways.

Most importantly, DAPPER1 expression was
closely correlated with prognosis among gas-
tric-cancer patients. Previous studies have indi-
cated that lower levels of N-cadherin expres-
sion are associated with reduced patient sur-
vival. However, Dprl has never been used as a
prognostic factor. Our results indicate that
patients with Dprl-positive tumours have bet-
ter prognoses than those with Dprl-negative
tumours. Therefore, Dprl may be a valuable
prognostic biomarker for resectable gastric
cancer.

Conclusions

In conclusion, downregulation of DAPPER1
gene expression in human gastric carcinoma
induced tumour development chiefly through
regulating the Wnt signalling pathway. Dprl
may be a valuable prognostic factor and a novel
therapeutic target for human gastric cancer.
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Supplementary Figure 1. DAPPER1 mRNA level in gastric carcinoma tissue and adjacent normal mucosa: Tx repre-
sents tumor tissue, Nx represents adjacent normal mucosa.

Supplementary Figure 2. Dprl protein expression in gastric carcinoma tissue and adjacent normal mucosa: A: Adja-
cent normal mucosa. B: Tumor tissue (immunohistochemistry staining using the SP method at 100x magnification).
A: The cytoplasm of adjacent normal mucosal cells was stained dark brown, while the nucleus was not stained. B:
The nuclei and cytoplasm of cancer cells were not stained. The cytoplasm of stromal cells was stained dark brown.
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Supplementary Figure 3. Dprl, 3-catenin, and Dvl-2 protein expression in gastric cancer cell lines.
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Supplementary Figure 4. Cell proliferation of SGC7901 cell after DAPPER1 overexpression.
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Supplementary Figure 5. Bcl-xl protein and mRNA expression in SGC7901 and BGC823 cells with DAPPER1 over-
expression.




