
INTRODUCTION
Gastric cancer, the fourth most com-

mon malignancy and the second leading
cause of cancer-related death worldwide,
is mostly the result of genetic and epige-
netic alterations during its progression
(1,2). It is well known that understanding
the mechanisms in gastric carcinogenesis
through the identification and characteri-
zation of tumor suppressor genes and
oncogenes is crucial to understanding
tumor pathogenesis and will help to dis-
cover novel targets for therapies (3).

The mitogen-activated protein kinases
(MAPKs), for which activities are regu-
lated by Ras/Raf expression, are mainly
composed of three serine/threonine-
 related protein kinases: extracellular
 signal–related kinases (ERKs), c-Jun
NH2-terminal kinases (JNKs) and p38
MAPKs. Generally, the ERK signaling
pathway is typically associated with cell
survival, proliferation and differentiation
and protecting cells against apoptosis,
whereas the JNK and p38 cascades are
usually involved in promoting cell

growth and apoptosis (4). It has been
shown that abnormal MAPK expression
is correlated with tumorigenesis and
metastatic potential for gastric cancer (5).
Thus, identifying new tumor suppressor
genes or oncogenes that participate in
the MAPK pathway could lead to the
discovery of new therapies for gastric
cancer.

Cytosolic non-specific dipeptidase 2
(CNDP2), also known as carboxypepti-
dase of glutamate-like (CPGL), is ex-
pressed in all human tissues, and its iso-
form is CPGL-B, which lacks exons 3
and 4 (6). The cndp2 gene that translates
a dinuclear metalloproteases has 39.5%
homology to peptidase family M20 and
may belong to the M20A subfamily (6,7).
Previously, Zhang et al. (7) observed that
the isoform CPGL-B is downregulated in
hepatocellular cancer and could inhibit
the viability, colony formation and inva-
sion of hepatocellular carcinoma cells. A
recent report also demonstrated that the
loss of CNDP2 functioned as a tumor
suppressor gene in pancreatic cancer
and that the loss of CNDP2 and CPGL-B
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suppressed proliferation, induced
G0/G1 accumulation and inhibited the
migration ability of a pancreatic cancer
cell line (8). However, not all tumors ex-
press a low CNDP2 level, and the molec-
ular function of CNDP2 is largely un-
known. Okamura et al. (9) showed
through quantitative proteomic analysis
that renal cell carcinoma tissues have a
high level of CNDP2 expression. Tri-
pathi et al. (10) found that CNDP2 was
upregulated in breast cancer tissues
compared with normal breast epithe-
lium. In light of these discrepant results,
this study was designed to explore
whether there is an aberrant expression
of CNDP2 in gastric cancer and to ana-
lyze what biological and molecular
mechanisms of CNDP2 affect gastric
cancer development.

MATERIALS AND METHODS

Cells and Reagents
The following human gastric cancer

cell lines were used: AGS was purchased
from American Type Culture Collection
(Manassas, VA, USA); MKN45, N87 and
HGC-27 were obtained from China Cen-
ter for Type Culture Collection (Wuhan,
China); and MKN28, SGC-7901, MGc-
803, BGC-823 and GES were provided by
the Institute of Biochemistry and Cell Bi-
ology of the Chinese Academy of Science
(Shanghai, China). All of the cells were
maintained in RPMI 1640 (Biowest,
Maine et Loire, France) medium supple-
mented with 10% fetal bovine serum
(Biowest), 100 U/mL penicillin,
100 μg/mL streptomycin sulfate and
1 mmol/L sodium pyruvate at 37°C in
5% CO2.

Clinical Samples
A total of 182 gastric cancer tissues and

their corresponding nonneoplastic gastric
mucosal tissues were obtained during
surgery from Shanghai Changhai Hospi-
tal (Shanghai, China). The collection of
these tissue samples was undertaken
with approval of the Shanghai Changhai
Hospital Institutional Review Board and
with the patients’ informed consent. The

tissue microarray (TMA) was constructed
as described previously (11).

Immunohistochemical Analysis
Immunohistochemical staining was

performed with an EnVision Kit (Dako,
Carpinteria, CA, USA). The slices were
incubated with primary antibody against
CNDP2 (Proteintech, Chicago, IL, USA).
The control staining of CNDP2 was 
conducted by substituting phosphate-
buffered saline (PBS) for the primary 
antibody. The analysis of the immunohis-
tochemical staining was performed inde-
pendently by two pathologists (Wang
Wang, Department of Pathology, Chang-
hai Hospital; Guoliang Qiao, Department
of Pathology, Eastern Hepatobiliary Sur-
gery Hospital). Sections were considered
positive for CNDP2 when >5% of tumor
cells were stained in the cell cytoplasm.
The staining intensity was visually
graded as negative (–), weak (+), moder-
ate (++) or strong (+++). For each pair
sample, CNDP2 was referred to be un-
derexpressed when the carcinoma dis-
played a weaker staining intensity than
its adjacent normal tissue; otherwise,
when the carcinoma displayed an equal
or stronger staining intensity than its ad-
jacent normal tissue, the CNDP2 expres-
sion was taken to be normal.

Plasmid Construction and Cell
Transfection

The CNDP2 expression plasmid was
constructed by cloning the full-length
cndp2 (Gene Bank accession number
NM_018235) open reading frame into the
mammalian expression vector GV142
with XhoI and HindIII restriction enzyme
sites (Genechemgene, Shanghai, China).
The sequences were verified by DNA 
sequencing.

AGS cells were transfected with
GV142-CNDP2 or empty vector GV142
by using X-tremeGENE HP DNA Trans-
fection Reagent (Roche [F. Hoffmann-La
Roche AG, Basel, Switzerland]) accord-
ing to the manufacturer’s instructions.
The plasmid expressing GFP was used to
evaluate the transfection efficacy. G418-
resistant (Sigma-Aldrich, St. Louis, MO,

USA) colonies at a concentration of
0.9 mg/mL were selected, and the trans-
fected clones were used for further stud-
ies after 14 d of selection.

Lentiviral Vector Silence Construction
and Cell Transfection

Three different CNDP2-specific target
sequences were chosen by using 
the CNDP2 reference sequence
(NM_018235). Double-stranded DNA
were synthesized according to the struc-
ture of a GV112 (hU6-MCS-CMV-
Puromycin) viral vector (Genechem-
gene) and then inserted into a linearized
vector. The positive clones were identi-
fied as the lentiviral vectors named 8856,
8857 and 8858. Among the three vectors,
8857 (target sequence: 5′-ACT TTG ACA
TAG AGG AGT T-3′) induced the high-
est levels of downregulation. Thus, the
8857 vector and viral packaging system
were cotransfected into 293 cells to repli-
cate competent lentivirus. The lentivirus
containing the human CNDP2 shRNA
(short hairpin RNA)-expressing cassette
was used as a positive control for
lentivirus production and denoted as
Lesh-CNDP2 in the subsequent experi-
ments. The GV112 mock vector was
packaged and used as a negative con-
trol, denoted as Lesh-NC (Lesh–negative
control), which has no significant homol-
ogy to human gene sequences.

SGC7901 cells (30–50% confluence)
were transduced with lentiviral vectors
Lesh-CNDP2 or Lesh-NC at a multiplic-
ity of infection of 20 in serum-free
growth medium containing 5 μg/mL
polybrene for 12 h. Then, the cells were
washed and cultured continually. The
cells were cultured until they reached
70–80% confluence. Next, 2.5 μg/mL
puromycin was added to cells, and they
were cultured for 48 h to generate a sta-
ble transfection cell line.

Reverse Transcription Polymerase
Chain Reaction and Quantitative
Real-Time Polymerase Chain Reaction
Analyses

Total RNA was isolated from frozen
human gastric tissues with the TRIzol
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method, according to the manufacturer’s
protocol. One microgram of total RNA
was used for cDNA synthesis with the
RevertAid™ First-Strand cDNA Synthesis
Kit #1622 (Fermentas, Vilnius, Lithuania).
The appropriate forward and reverse
primers to detect the transcripts of inter-
est were used in reverse transcription
polymerase chain reactions (RT-PCRs) for
cDNA amplification. The primer se-
quences for glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) were as fol-
lows: 5′-CAA GGT CAT CCA TGA CAA
CTT TG-3′ (forward) and 5′-GTC CAC
CAC CCT GTT GCT GTA G-3′ (reverse).
The primer sequences for CNDP2 were as
follows: 5′-AAT GGG TGG CTA TCC
AGA GT-3′ (forward) and 5′-CAC ATC
CAG GTG CCC GTA-3′ (reverse). The
PCR conditions used for the amplifica-
tion were as follows: 94°C for 5 min and
then 30 cycles of 94°C for 30 s, 57°C for
30 s and 72°C for 40 s, followed by 72°C
for 10 min. The RT-PCR products were
analyzed on a 1% agarose gel and visual-
ized with ethidium bromide staining. The
gene GAPDH was used as a positive con-
trol to assess cDNA quality.

Quantitative real-time polymerase
chain reaction (Q-RT-PCR) was per-
formed with a 7300 Real-Time PCR Sys-
tem (Applied Biosystems/Life Technolo-
gies, Carlsbad, CA, USA). For the
semiquantification of the genes of inter-
est, we used the QPK-201 SYBR Green
master mix (Toyobo, Osaka, Japan). Tar-
get cDNA-specific primers of CNDP2, as
described above, were established. The
quantity of the target was normalized
against the quantity of GAPDH.

Western Blot Analysis
Protein was extracted with radioim-

munoprecipitation assay lysis buffer,
and Western blots were performed as
described previously (12). The following
primary antibodies were used: caspase 3,
cleaved caspase 3 (c-caspase 3), Bcl-2,
Bax, Bad, cyclin E, cyclin B1, cdc2, p38,
phospho-ERK1/2 (p-ERK1/2), ERK1/2,
phospho-JNK (p-JNK) and JNK (Cell 
Signaling Technology, Danvers, MA,
USA), CNDP2 (Proteintech) and GAPDH

(Bioworld Technology Inc, St. Louis
Park, MN, USA). The blots were visual-
ized with a horseradish peroxidase–con-
jugated antibody followed by chemolu-
minescence reagent (Millipore, Billerica,
MA, USA) detection on photographic
film. For quantification, the target pro-
tein was normalized to the internal stan-
dard protein GAPDH through a compar-
ison of the gray scale values; this
analysis was performed with Gel Pro
Analyzer software, version 4.0 (Media
Cybernetics Inc., Rockville, MD, USA).

Cell Viability Assay
Cell viability was measured by a cell

counting kit-8 assay (CCK-8; Dojindo,
Kumamoto, Japan). Briefly, AGS cells
(5 × 103 per well) and SGC-7901 cells (3 ×
106 per well) were seeded in 96-well
plates and transfected with GV142-NC or
GV142-CNDP2 and Lesh-NC or Lesh-
CNDP2, respectively. After transfection
for 24, 48 or 72 h, the CCK-8 reagents
were added and incubated with the cells
for 1 h. Then, the absorbance was de-
tected at 450 nm according to the manu-
facturer’s instruction. The experiments
were performed in triplicate.

Colony Formation Assay
Colony formation assays were per-

formed as described previously (13). In
short, stably transfected AGS and SGC-
7901 cells were cultured in six-well plates
(500 per well) for 2 wks. The colonies
with cell numbers of >50 cells were fixed
in cold-methanol and stained with crys-
tal violet solution. The colonies were
counted with the Quantity One software
(Bio-Rad Laboratories Inc., Hercules, CA,
USA) and photographed. All the experi-
ments were performed in triplicate wells
in three independent experiments.

Cell Apoptosis and Cell Cycle
Analysis

AGS cells transiently transfected with
GV142-NC or GV142-CNDP2 and SGC-
7901 cells transiently transfected with
Lesh-NC or Lesh-CNDP2 were harvested
48 h after transfection. Each transfected
cell group was divided into two parts;

one portion was processed for cell apo-
ptosis analysis and the second portion
for cycle analysis.

Cell apoptosis was assessed with an
annexin V–fluorescein isothiocyanate
(AV-FITC) apoptosis detection kit. The
collected cells were suspended in bind-
ing buffer, and AV and propidium io-
dide (PI) working solutions were added
to the cellular suspension in sequence.
Then, the stained cells were analyzed
with the FACSCalibur flow cytometry
system (BD Biosciences, San Jose, CA,
USA). The early and late apoptotic cells
were counted for relative apoptotic
changes. The experiments were per-
formed in triplicate.

To determine the cell cycle distribu-
tion, the collected transfected cells were
fixed in 70% ethanol at 4°C overnight.
Then, the cells were labeled with PI in
the presence of RNase A. The fractions of
the cells in the G0/G1, S and G2/M
phases were analyzed by flow cytometry.
All the experiments were performed
three times.

Measurement of Reactive Oxygen
Species Generation

Intracellular reactive oxygen species
(ROS) production was detected with 
the peroxide-sensitive fluorescent probe
2′,7′-dichlorofluorescin diacetate
(DCFH-DA) according to the manufac-
turer’s protocol. Briefly, transiently
transfected AGS cells were harvest 48 h
after transfection and suspended in 
1 mmol/L DCFH-DA at 37°C for 
30 min. After treatment with DCFH-DA,
the cells were washed twice with PBS
and resuspended in PBS for the detec-
tion of ROS accumulation using the
flow cytometer at a wavelength pair of
488/538 nm. The experiment was re-
peated three times independently.

In Vivo Tumorigenicity
AGS cells (7.8 × 106 cells in 0.2 mL

PBS) stably transfected with GV142-NC,
GV142-CNDP2 or untreated control and
SGC-7901 cells (3 × 106 cells in 0.2 mL
PBS) stably transfected with Lesh-NC or
Lesh-CNDP2 were separately injected
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subcutaneously into the right flank of
nude mice. On d 21, the mice were
killed, and the tumor tissues were
weighed. The following formula was
used for tumor volume measurement:
tumor volume = L × W2/2 (L is length
and W is width). The Ethical Committee
of the Second Military Medical Univer-
sity approved the current study.

Statistical Analysis
The data were expressed as the mean ±

standard deviation (SD). All calculations
were performed with SPSS version 11.7.
The statistical analyses were performed
with a Student t test and analysis of vari-
ance. Pearson χ2 test was applied to
study the relationship between different
variables. All p values were two-tailed,
and p < 0.05 was considered statistically
significant.

RESULTS

Somatic Loss of CNDP2 in Gastric
Cancer

Immunohistochemical data were ob-
tained from the tissue array that con-
sisted of 182 pairs of samples, primary
gastric cancer tissues and corresponding
adjacent nontumor regions. A total of 132
(72.53%) tumor tissue samples exhibited
a lower level of CNDP2 expression than
the matched adjacent normal tissues,
whereas the 50 pairs of samples showed
nearly no difference of CNDP2 expres-
sion between the carcinomas and the ad-
jacent tissues (Figure 1A). The associa-
tion between the CNDP2 protein
underexpression and clinicopathological
factors of a gastric cancer patient was an-
alyzed by Pearson χ2 test and is shown
in Table 1. The somatic loss of CNDP2 in
gastric cancer was significantly associ-
ated with tumor site (p = 0.016), tumor
type (p = 0.013), disease stage (p = 0.044)
and pathologic T stage (pT) (p = 0.01).
There was, however, no association be-
tween the reduced CNDP2 expression
and patient sex, patient age, tumor size
or tumor pathologic N stage (pN).

Additionally, CNDP2 mRNA expres-
sion was investigated in gastric cancer

with RT-PCR and Q-RT-PCR. The two
analyses revealed that CNDP2 mRNA
expression was significantly reduced in
gastric cancer tissues relative to the
matched adjacent nontumor tissues (Fig-
ures 1B, C). Furthermore, the loss of
CNDP2 expression was also confirmed
by Western blot in paired gastric carci-
noma tissues and nonpaired gastric can-
cer tissues (Figure 1D). Collectively, these
results demonstrate that CNDP2 expres-
sion, at either the protein or mRNA level,
was significantly attenuated in gastric
cancer tissues compared with the
matched adjacent nontumor tissues and
that the loss of CNDP2 expression may
be associated with the tumorigenesis of
gastric cancer.

CNDP2 Varies Expression in Gastric
Cancer Tissues and Epithelial Cell
Lines

Next, we examined CNDP2 protein lev-
els in different differentiated grades of
gastric adenocarcinoma tissues. As shown
in Figure 1E, CNDP2 expression de-
creased after the decrease of differentia-
tion degree. Furthermore, the expression
of CNDP2 in the gastric cancer cell lines
AGS, MKN28, SGC-7901, MKN45,
MGc80-3, BGC-823, N87 and HGC-27 and
the human immortalized gastric mucosa
epithelial cell line GES was determined by
Q-RT-PCR and Western blot. Of these cell
lines, the poorly differentiated adenocarci-
noma cell lines AGS, MGc80-3 and BGC-
823 exhibited relatively low levels of
CNDP2 expression, whereas the other
poorly differentiated MKN45 cell line re-
vealed relatively high protein levels of
CNDP2, but low mRNA level. Although
the well-differentiated adenocarcinoma
cell line N87 exhibited relatively low lev-
els of CNDP2, the moderately differenti-
ated adenocarcinoma cell line SGC-7901,
the undifferentiated adenocarcinoma cell
line HGC-27 and gastric epithelial cell line
GES revealed significantly high CNDP2
levels (Figures 1F, G). Collectively, these
results indicate that CNDP2 expression is
varied following the differentiation de-
gree of gastric cancer tissues or epithelial
cell lines, at least to some extent.

Upregulated CNDP2 Inhibits Gastric
Cancer Growth In Vitro and In Vivo

To address the potential role of CNDP2
in the tumorigenesis of gastric cancer,
AGS cells with low CNDP2 expression
were transfected with the GV142-CNDP2
or GV142 vector. The upregulated expres-
sion of CNDP2 was shown at two time
points by Western blot (Figure 2A). Ectopic
CNDP2 expression dramatically sup-
pressed cell growth in CNDP2-transfected
cells compared with the control vector
transfectants (Figure 2B). Additionally, the
inhibitory effect on cell growth was con-
firmed by colony formation assay, which
showed CNDP2 inhibited the number of
colonies in AGS cells (Figure 2C). We fur-
ther examined whether CNDP2 could
suppress the growth of AGS cells in vivo
by evaluating tumor development in
nude mice. GV142-CNDP2 and GV142-NC
stably transfected AGS cells, and un-
treated control cells were injected subcu-
taneously into the flank of immunodefi-
cient mice. As shown in Figure 2D, tumor
growth was significantly decreased in
CNDP2-transfected nude mice compared
with the untreated control and vector-
transfected mice. In addition, the tumor
masses and tumor volume both indicated
that the tumorigenic activity of AGS cells
was significantly inhibited when CNDP2
expression was upregulated (Figure 2E).
Thus, these results suggest that ectopic
CNDP2 expression inhibits tumor growth
in gastric cancer.

Loss of CNDP2 Enhances Gastric
Cancer Growth

To further substantiate the functional
significance of CNDP2 in gastric cancer,
SGC-7901 cells, which express a high
level of CNDP2, were transfected with
the lentiviral vector silencing construct.
The CNDP2 protein level was dramati-
cally reduced in Lesh-CNDP2 versus
Lesh-NC transfectants (Figure 3A). Next,
the effects of CNDP2 knockdown on
SGC-7901 cell proliferation were evalu-
ated by CCK-8 assays. As shown in Fig-
ure 3B, silencing CNDP2 expression sig-
nificantly promoted cell growth in
CNDP2-transfected cells compared with
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Figure 1. CNDP2 expression is downregulated in human gastric cancer. (A) Immunohistochemical staining of CNDP2 in human gastric
cancer and adjacent normal specimens. Negative CNDP2 staining in gastric cancer tissues (I) and positive CNDP2 staining in the
matched adjacent normal tissues (II) is shown. (B, C) RT-PCR and Q-RT-PCR showed that CNDP2 expression was downregulated in gastric
cancer tissues compared with the matched adjacent nontumor tissues. (D) Western blot indicated that CNDP2 expression was downreg-
ulated in paired gastric cancer tissues and nonpaired gastric cancer tissues. T, tumor tissues; N, surrounding nontumor tissues. (E) CNDP2
protein levels were analyzed in gastric adenocarcinoma tissues with different differentiation degree. (F, G) Analysis of CNDP2 expression in
human gastric carcinoma cell lines. Q-RT-PCR and Western blot revealed that the expression of CNDP2 varies in gastric cancer epithelial
cell lines.



the control and vector transfectants. Ad-
ditionally, the colony formation assay
also showed that the Lesh-CNDP2-
 transfected cells possessed a signifi-
cantly higher colony forming efficiency
(Figure 3C). Similar to the stably trans-
fected AGS cells, Lesh-CNDP2 and 
Lesh-NC stably transfected SGC-7901
cells were also injected subcutaneously
into the immunodeficient mice to verify
the tumor growth inhibition of CNDP2.
Interestingly, the lentiviral-mediated
CNDP2 silencing resulted in a signifi-
cantly higher amount of tumor growth in
the xenograft model than in the lentiviral
vector control (Figure 3D). Statistically,
the tumor masses and volume of the two
transfectant groups both showed that the
decreased expression of CNDP2 facili-
tates tumor growth in nude mice (Fig-
ure 3E). Taken together, these results in-
dicate that CNDP2 functions as a tumor
suppressor in gastric carcinogenesis.

CNDP2 Induces Apoptosis, Cell Cycle
Rest and the ROS Generation

To determine the mechanism underly-
ing the CNDP2-induced tumor suppres-
sion, cell apoptosis, cell cycle and ROS
were assessed by flow cytometry. The re-
sults showed that the upregulation of
CNDP2 expression resulted in a signifi-
cant increase in early apoptotic cells
compared with the vector only and un-
treated control in AGS cells (Figure 4A).
Additionally, CNDP2-transfected AGS
cells revealed higher G0/G1 phase popu-
lations in comparison with the empty
vector transfectants and untreated con-
trol (Figure 4B). Similar to the cell apo-
ptosis and cell cycle analyses, the ROS
generation of AGS cells transfected with
GV142-CNDP2 was also calculated. The
ectopic expression of CNDP2 exhibited a
significant increase in ROS generation, as
shown in Figure 4C. In addition, the ef-
fects of CNDP2 knockdown on cell apo-

ptosis and cell cycle were also explored
in SGC-7901 cells. However, it is interest-
ing to note that the apoptotic cell death
in Lesh-CNDP2–transfected cells was 
not significantly different from 
Lesh-NC–transfected cells (Figure 4D).
Furthermore, CNDP2 silencing did not
induce a change in the cell cycle distribu-
tion (Figure 4E). Regardless, these results
suggest that the inhibition of gastric car-
cinogenesis by CNDP2 may partly in-
volve cell apoptosis, G0/G1 phase arrest
and ROS induction.

CNDP2 Activates the MAPK Signaling
Pathways

To further validate the flow cytometry
results that showed tumor growth inhibi-
tion was suppressed by CNDP2, apopto-
sis and cell cycle protein markers were
detected in AGS and SGC-7901 cells, re-
spectively, 48 h after they were trans-
fected with CNDP2. Western blot detec-
tion of CNDP2 clearly confirmed a
significant increase of protein levels in
AGS cells that were transfected with
GV142-CNDP2 and a significant decrease
in SGC-7901 cells transfected with Lesh-
CNDP2. Also, the results showed 
c-caspase 3 and Bax were upregulated
and Bcl-2 was downregulated, but Bad
was unaffected in CNDP2-transfected
AGS cells compared with the vector-
transfected and untreated controls. These
four proteins remained unchanged when
the expression of CNDP2 was knocked
down in SGC-7901 cells (Figure 5A).
Moreover, the induction of cell cycle ar-
rest was further evidenced by the de-
creased expression of cyclin E, a key
G0/G1 phase arrest factor, but not in the
expression of cyclin B1 and cdc2, in
CNDP2-transfected AGS cells. The ex-
pression of these three cell cycle–related
proteins, however, was unchanged in the
Lesh-CNDP2–transfected SGC-7901 cells
(Figure 5A). Therefore, these data corrob-
orate the arguments that the induction of
cell apoptosis and cell cycle arrest by
CNDP2 may play an important role in
the process of gastric carcinogenesis.

Considerable evidence indicates that
MAPK signaling cascades possess dual
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Table 1. Correlation between CNDP2 expression and clinicopathological characteristics.

Underexpression Normal expression 
of CNDP2 [n (%)] of CNDP2 [n (%)] p

Sex 0.855
Male 89 (67.4) 33 (66)
Female 43 (32.6) 17 (34)

Age (years) 0.07
>60 62 (47) 31 (62)
≤60 70 (53) 19 (38)

Tumor size (cm) 0.638
<6 79 (59.8) 28 (56)
≥6 53 (40.2) 22 (44)

Site 0.016
Cardia and fundus 35 (26.5) 5 (10)
Corpus 34 (25.8) 20 (40)
Antrum 63 (47.7) 25 (50)

Type 0.013
Tubular adenocarcinoma 38 (28.8) 26 (52)
Mucosal adenocarcinoma 43 (32.6) 10 (20)
Signet-ring cell carcinoma 51 (38.6) 14 (28)

Disease stage 0.044
I and II 47 (35.6) 26 (52)
III and IV 85 (64.4) 24 (48)

pT stage 0.01
T0–T2 37 (28) 5 (10)
T3 and T4 95 (72) 45 (90)

pN stage 0.193
N0 42 (31.8) 11 (22)
N1–3 90 (68.2) 39 (78)

Total 132 50



functions: stimulation and inhibition of
cell growth (14,15). To elucidate the molec-
ular mechanisms modulated by CNDP2 in
tumor inhibition, the role of CNDP2 in the
activation of p38, ERK1/2 and JNK
MAPK was determined. Figure 5A

showed that p38 and p-JNK levels in-
creased and p-ERK1/2, ERK1/2 and JNK
levels remained unchanged when CNDP2
was upregulated. However, the data also
showed that only the expression of
p-ERK1/2 was enhanced after CNDP2

 silencing. To further substantiate the acti-
vation of MAPK pathway that CNDP2 in-
duced in vivo, the activation of ERK, JNK
and p38 in CNDP2-transfected xenograft
tissues was revealed by Western blot.
Consistent with in vitro, the results
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Figure 2. Effect of ectopic CNDP2 expression on tumor growth. (A) CNDP2 protein levels were assessed by Western blot in AGS cells. A
marked increase in CNDP2 was evident in GV142-CNDP2 transfectants relative to the untreated control and GV142-NC transfectants. 
(B) Cell proliferation levels were measured by the CCK-8 assay. GV142-CNDP2 transfectants displayed significantly inhibited growth rates
in AGS cells. (C) The upregulated expression of CNDP2 significantly inhibited the colony formation of AGS cells. (D) Ectopic CNDP2 ex-
pression decreased tumor growth in nude mice subcutaneously inoculated with AGS/GV142-CNDP2 compared with the untreated con-
trol and AGS/GV142-NC in vivo. (E) The tumor masses and tumor volume for three groups are compared; each histogram represents the
mean ± SD of five mice. **p < 0.01 from the GV142-NC group.



showed that both p38 and p-JNK were
upregulated in CNDP2 overexpressed
xenograft tissues, whereas only p-ERK1/2
was activated when CNDP2 was silencing
(Figure 5B). Taken together, these results
indicate that CNDP2 may induce cell apo-
ptosis via the p38 and JNK MAPK signal-
ing pathways and suppress cell prolifera-
tion through the ERK MAPK signaling
pathway, at least in specific circumstances.

DISCUSSION
CNDP2 and its homolog, CNDP1,

which is secreted and preferentially ex-
pressed in the brain, are dinuclear met-
alloproteases that belong to the M20
family and have been shown to possess
carnosine (β-alanyl-L-histidine) pepti-
dase activity (6,16). CNDP2 encodes a
nonspecific dipeptidase that cleaves
some dipeptides with high affinity such

as Cys-Gly of the γ-glutamyl cycle, par-
ticipating in glutathione biosynthesis
(17,18). In addition, recent advances
have demonstrated that CNDP2 is over-
expressed in substantia nigra compacta
tissue and may be a new key player in
the molecular mechanisms of neurode-
generation underlying Parkinson’s dis-
ease (18). However, accumulating evi-
dence indicates that the dipeptidase
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Figure 3. CNDP2 knockdown promotes tumor growth in vitro and in vivo. (A) CNDP2 protein levels were analyzed in SGC-7901 cells. A sig-
nificant reduction of CNDP2 level was observed in Lesh-CNDP2 transfectants compared with the Lesh-NC transfectants and untreated
control. (B) The cell proliferation levels were measured by the CCK-8 assay. Lesh-CNDP2 transfectants had significantly increased growth
rates in SGC-7901 cells. (C) Lesh-CNDP2 transfected cells possessed significantly higher colony-forming efficiency. (D) CNDP2 silencing fa-
cilitated tumor growth in nude mice subcutaneously inoculated with SGC-7901/Lesh-CNDP2 compared with SGC-7901/Lesh-NC in vivo.
(E) The tumor masses and tumor volume for the two groups are compared, and the bar graph shows the mean tumor masses or volume
for Lesh-CNDP2 (n = 6) and Lesh-NC (n = 6) transfectants. *p < 0.05, **p < 0.01, from the Lesh-NC group.



appears to do more than just perform
its enzymatic activity. The protein was
found to be upregulated in breast and
renal cell carcinoma (9,10). Further-
more, it has been suggested that
CNDP2 has distinct patterns of expres-
sion within grades in kidney cancer

(19). There has been a lack of direct evi-
dence, however, as to what role CNDP2
plays in these cancers. Two reports
bring new and notable possibilities that
CNDP2 functions as a tumor suppres-
sor gene and plays important roles in
the tumorigenesis of hepatocellular and

pancreatic cancer (7,8). Nevertheless,
these apparently divergent functions of
CNDP2 in tumor progression are cur-
rently difficult to reconcile, but could
reflect its important effects in cancer.
Sorting out the exact roles of CNDP2 in
different cancers will be important.
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Figure 4. Effects of CNDP2 on the cell apoptosis, cell cycle and ROS generation of gastric cancer cells. (A) The rate of cell apoptosis 48 h
after AGS cells were transfected with CNDP2 was determined by flow cytometry. Statistical analysis of the percentages of the apoptotic
cells. The experiments were performed in duplicate. (B) Cell cycle distribution was analyzed by FACS flow cytometry in AGS cells 48 h
after they were transfected with GV142-CNDP2 or GV142-NC. The cell cycle distribution percentage shown is from three independent ex-
periments. (C) AGS cells that were stably transfected with CNDP2 were loaded with DCFH-DA. The mean DCF fluorescence was mea-
sured. And the histograms are representative of the percentage of DCF fluorescence of three independent experiments. *p < 0.05, **p <
0.01, from the GV142-NC group. (D) The table reports the percentages of apoptotic SGC-7901 cells 48 h after they were transfected with
Lesh-CNDP2 or Lesh-NC. (E) The cell cycle distribution was analyzed 48 h after SGC-7901 cells were transfected with Lesh-CNDP2 or Lesh-
NC. The cell cycle distribution percentage shown is from three independent experiments.
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Figure 5. Effects of CNDP2 on protein markers of apoptosis, the cell cycle and the MAPK pathways. (A) Protein indicators related to apo-
ptosis (caspase 3, c-caspase 3, Bcl-2, Bax, Bad), the cell cycle (cyclin E, cyclin B1, cdc2) and the MAPK pathways (p38, p-ERK1/2, ERK1/2,
p-JNK, JNK) were detected by Western blot 48 h after AGS, and SGC-7901 cells were transfected with CNDP2. GAPDH was used as the
loading control. (B) The effects of CNDP2 on protein markers of MAPK pathways were assessed by Western blot in tumor xenograft tissues.
*p < 0.05, **p < 0.01, from the GV142-NC or Lesh-NC group.



Thus, on the basis of similar reports of
the downregulation of CNDP2 and its
isoform CPGL-B in hepatocellular and
pancreatic carcinoma involving tumor
growth inhibition, we hypothesized
that CNDP2 could be aberrantly ex-
pressed in gastric cancer and might
serve as a tumor suppressor gene or
oncogene in gastric carcinogenesis.

We have shown that the downregula-
tion of CNDP2 is a common event dur-
ing gastric tumorigenesis. In gastric can-
cer tissues and epithelial cell lines, the
expression of CNDP2 decreased accord-
ingly with the decrease of differentiation,
which is in line with the report that
CNDP2 exerted grade-dependent
changes in kidney cancer (19). The ec-
topic expression of CNDP2 in the AGS
cells, which express a low level of
CNDP2, displayed significant growth
suppression resulting from the inhibition
of cell proliferation and colony forma-
tion. The diminution of tumor growth by
CNDP2 was further confirmed by re-
duced tumorigenesis in a mouse
xenograft model. On the other hand,
lentiviral-mediated knockdown of
CNDP2 in the SGC-7901 cells that ex-
press a high level of CNDP2 significantly
increased cell proliferation and tumori-
genesis in nude mice. Thus, our present
study clearly demonstrates that the
tumor suppressor role of CNDP2 extends
far beyond its enzymatic activity and
highlights the critical importance of
CNDP2 as a tumor suppressor gene in
gastric carcinogenesis.

The role of tumor suppressor genes in
carcinogenesis have traditionally been
attributed to their ability to regulate the
cell cycle and sustain proliferative sig-
naling while also helping cells evade
growth suppression and/or cell death
(20,21). Thus, analyzing the effects of
CNDP2 on cell apoptosis and the cell
cycle of gastric cancer cells may further
our understanding of the function of
CNDP2 in cancer. Our results showed
that the ectopic expression of CNDP2 in
AGS cells significantly increased early
cell apoptosis. This result was con-
firmed by the upregulation of cleaved

caspase 3 and Bax and by the downreg-
ulation of Bcl-2. Cleaved caspase 3 is the
executor of cell death, and an elevated
Bax/Bcl-2 ratio corresponds with cell
apoptosis (21,22). Additionally, ROS
generation also verified the increase in
cell apoptosis (23). Besides apoptosis,
CNDP2 also induced the G0/G1 phase
cell cycle arrest of AGS cells. Cyclin E is
required for the transition from the G1
to S phase of the cell cycle, which deter-
mines cell division. The decrease in cy-
clin E, but not cyclin B1 or cdc2, indi-
cated that there was an accumulation 
of cells in the G0/G1 phase (24). More-
over, we checked these results in SGC-
7901 cells that have a downregulated
level of CNDP2 expression. The silenc-
ing of CNDP2 promoted cell prolifera-
tion, but did not change the cell apopto-
sis or cell cycle distribution. On the
other hand, the apoptosis-related and
cell cycle–related proteins both remained
unchanged when CNDP2 was silencing.
This result may be the reason that loss
of CNDP2 enhances SGC-7901 cell
growth and the growing cells contain
few apoptotic- and cell cycle–arrested
cells.

To further demystify the role of
CNDP2 in gastric carcinogenesis, we
elucidated in which downstream signal-
ing pathways CNDP2 exerts a tumor
suppressor function during gastric can-
cer and found that CNDP2 activated the
MAPK signaling pathway. Significant
attention has been given to the impor-
tant role of the MAPK pathway and the
several key components and phospho-
rylation events that play a role in regu-
lating the cell cycle, apoptosis and even
tumorigenesis (14). Our results showed
that elevated CNDP2 expression was ac-
companied by increases in the synthesis
of p38 and p-JNK, whereas the loss of
CNDP2 induced p-ERK aggregation, in-
dicating a direct influence of CNDP2 on
the activation of the MAPK signaling
pathway. And such observations also
suggest that the MAPK pathway that is
involved in the CNDP2-induced tumor
growth suppression may be regulated
differently. Among the MAPK subfami-

lies, the activation of the ERK pathway
has long been associated with prolifera-
tion, growth and the apoptotic signaling
pathways, in some cases (25). The p38
and JNK pathways are generally re-
sponsible for the apoptotic response in-
duced by several DNA-damaging
agents (26). When CNDP2 was under its
normal level, the inhibitory property of
the dipeptidase was declined and the
ERK pathway was activated then. How-
ever, under the scenario that CNDP2
was abundant, the protein level of p38
and p-JNK increased, and then the gas-
tric carcinogenesis was possibly retar-
dant. Therefore, it is plausible that the
inhibitory properties of MAPK against
gastric cancer cell growth observed in
this study could be explained, at least in
part, by an elevated level of CNDP2,
which activates the p38 and JNK MAPK
pathways to induce cell apoptosis, and
by downregulated CNDP2, which acti-
vates the ERK MAPK pathway to pro-
mote cell proliferation.

CONCLUSION
Altogether, our study underscores an

important role for CNDP2 as a candidate
tumor suppressor gene that is epigeneti-
cally silenced in gastric cancer. The mo-
lecular biological and cell biological
analyses of CNDP2 suggest that the
dipeptidase contributes to the suppres-
sion of tumorigenesis by decreasing cell
proliferation and inducing cell apoptosis
and cell cycle arrest through the activa-
tion of the MAPK signaling pathway.
Therefore, our novel observations may
provide additional support for the hy-
pothesis that CNDP2 is a potent negative
tumor regulator and establish a strong
rationale for developing CNDP2 as a vi-
able therapeutic regimen to treat gastric
cancers.
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