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Abstract: Bleeding and delayed healing of gastric ulcer are well-recognized in patients following Clopidorgrel treat-
ment. Our previous studies have shown that endoplasmic reticulum stress (ER) is involved in Clopidogrel-induced 
gastric mucosal damage through activating p38 mitogen-activated protein kinases (MAPK) pathway. This present 
study aims to further investigate the role of MAP kinase phosphatase 5 (MKP-5), a MKP known to dephosphory-
late and inactivate p38/MAPK, in Clopidogrel-induced gastric mucosal injury and the underlying mechanisms. It 
shows that MKP-5 is down-regulated at both mRNA and protein levels in the gastric mucosa from bleeding patients 
who took Clopidogrel over one year. In vitro study using human gastric epithelial cell line GES-1 demonstrates 
that exposure to Clopidorgrel (1.0-2.0 mM) increases phosphorylation of p38/MAPK and decreases MKP-5 expres-
sion simultaneously. Overexpression of MKP-5 promotes GES-1 cell proliferation and reduces apoptosis following 
Clopidogrel exposure. Interestingly, overexpression of MKP-5 also attenuates Clopidorgrel-induced tight junction 
(TJ) destruction by down-regulating expression of ER stress-related protein C/EBP homologous protein (CHOP) and 
tribbles pseudokinase 3 (TRIB3). These three effects, increased proliferation, reduced apoptosis and attenuated 
TJ destruction, are regulated through inhibited phosphorylation of p38/MAPK signaling pathway. We conclude that 
MKP-5 is down-regulated in Clopidogrel-induced gastric mucosa injury in vivo and in vitro via phosphorylation and 
activation of p38/MAPK signaling pathway. Overexpression of MKP-5 reverses Clopidogrel-induced gastric mucosal 
injury. These findings imply that MKP-5 may be a potential therapeutic target in Clopidogrel-induced gastric mucosal 
injury and bleeding.
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Introduction

Clopidogrel is an alternative antiplatelet agent 
that inhibits adenosine diphosphate (ADP)-
induced platelet aggregation. It is widely used 
in patients with acute coronary syndromes 
(ACS) and those undergoing percutaneous cor-
onary intervention (PCI) [1]. 

Ticagrel and Prasugrel once were preferred by 
European and US guidelines due to their stron-
ger platelet inhibition over Clopidogrel for ACS 
patients with or without PCI [2-5]. However, 
Ticagrel or Prasugrel in triple therapy is now not 

recommended due to their significantly in- 
creased bleeding in patients who underwent 
PCI compared with use of Clopidogrel [4, 6-8]. 
Therefore, use of Clopidogrel remains irrepla- 
ceable in these patients. Although Clopidogrel 
usually does not induce gastric mucosal injury 
in health volunteers, studies show that it is not 
safe for patients with high risk of peptic ulcer 
[9, 10]. The underlying mechanism has not 
been completely understood.

The MAPKs are negatively regulated by the MAP 
phosphatases (MKPs) through direct dephos-
phorylation [11]. The MKPs constitute one gro- 
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up of the dual-specificity phosphatases (DU- 
SPs) that exhibit the capability to dephos- 
phorylate MAPKs on regulatory threonine and 
tyrosine residues [12-14]. MKP-5 which is also 
called DUSP10 is a MAP kinase phosphatase 
known to dephosphorylate and negatively re- 
gulate p38/MAPK and JNK/MAPK in human 
embryonic kidney and prostate epithelial cells 
[15]. By GO analysis of the whole gene expres-
sion profile, we identified that MKP-5 mRNA is 
downexpressed under ER stress when gastric 
epithelial cells are exposed to Clopidogrel [16]. 
However, relationship among MKP-5 and p38/
MAPK signal pathway when gastric epithelial 
cells exposure to Clopidogrel remains to be 
determined. 

ER is a multifunctional organelle that plays criti-
cal roles in multiple biological processes includ-
ing synthesizing proteins, monitoring protein 
folding and trafficking. If the ER can not resolve 
cell stress, it will cause unfolded or misfolded 
proteins to accumulate in the ER lumen, lead-
ing to ER stress, which is involved in signaling 
pathways, including inflammation and cell apo- 
ptosis or death [17]. Apoptosis is activated by  
a series of downstream transcriptional effec-
tors of ER, such as transcriptional activation of 
pro-apoptotic transcription factor C/EBP ho- 
mologous protein (CHOP), tribbles pseudoki-
nase 3 (TRIB3), nuclear protein 1 (NUPR1), and 
eukaryotic translation initiation factor 2 sub-
unit 1 (EIF2S1) [18]. Our previous studies have 
shown that Clopidogrel can lead to ER stress 
and gastric epithelial cell apoptosis through 
activation of the p38/MAPK signaling pathway 
and its downstream pro-apoptotic transcription 
factor TRIB3 and CHOP [16]. The increased 
mucosal epithelial apoptosis further leads to 
disruption of gastric mucosal tight junction [19] 
therefore loss of gastric mucosa integrity. 

The present study aims to further elucidate 
intracellular signaling molecule(s) and poten- 
tial therapeutic target(s) in Clopidogrel-induced 
gastric mucosal injury by analyzing the effect of 
this drug on p38/MAPK phosphorylation in 
biopsy specimens and expression of tight junc-
tion proteins in vitro GES-1 cell line. We further 
investigate whether MKP-5 regulated gastric 
mucosal epithelial cells apoptosis through 
p38/MAPK mediated ER stress, which provid-
ed a potential therapeutic target for prevention 
and treatment of Clopidogrel-induced gastric 
side effects.

Materials and methods

Chemicals and solutions 

Clopidogrel (purity 97.95%), purchased from 
MedChen Express (New Jersey, MCE, USA) 
(Catalog No. HY-17459; CAS No. 120202-66-6), 
was dissolved in DMSO. Final concentration of 
DMSO in working culture medium was restrict-
ed to be less than 0.1% (v/v). We used the 24 h 
IC50 concentration (1.5 mmol/L) of Clopidogrel 
for follow-up study [19].  

Human tissue specimens

Use of biopsy specimen in this study was 
approved by the local ethics committee at 
Zhongda Hospital affiliated to Southeast Uni- 
versity (Nanjing, China, approval # 2018ZDSY- 
LL052-PO1), in accordance with the 1964 
Helsinki Declaration and its later amendments 
or comparable ethical standards. Informed 
consent was obtained for experimentation with 
human subjects. The privacy rights of human 
subjects are always observed. This study did 
not have special requirement for gender and 
age. Human tissue specimens were collected 
and divided into two groups: In group one, 17 
specimens were collected from random gastric 
ulcer bleeding patients without history of oral 
antiplatelet and anticoagulant use, who under-
went gastroduodenoscopy in the department of 
gastroenterology, Zhongda Hospital affiliated 
to Southeast University. In group two, 23 speci-
mens were collected from gastric ulcer bleed-
ing patients who were at the time taking 
Clopidogrel for more than one year. None of 
these patients in both groups had history of any 
cancers with chemotherapy or radiotherapy. 

Cell culture

Human gastric epithelial cell line GES-1 was 
obtained from the Shanghai Cell Bank, Chinese 
Academy of Sciences (Shanghai, China). The 
cells were cultured in DMEM (Carlsbad, GIBCO, 
USA) supplemented with 10% FBS (Carlsbad, 
GIBCO, USA) and maintained in a 37°C incuba-
tor with 5% CO2.

MKP-5 stable transfection

GES-1 cells were transfected with a pEGFP-
N1entry plasmid containing a full-length of 
human MKP-5 cDNA or control plasmid 
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(GenePharma, Shanghai, China). Transfected 
cells were obtained after selecting with G418 
(1,000 μg/ml) for at least three passages. 
Three clones with stable MKP-5 overexpres-
sion, at least three-fold, were used in subse-
quent experiments. 

Quantitative real-time reverse transcription 
PCR (qRT-PCR)

Total RNA was prepared by using TRIzol reagent 
(Invitrogen, CA, USA) and was reversely-tran-
scribed into cDNA via reverse Transcription Kit 
(Takara, Dalian, China). Real-time PCR was per-
formed with SYBR Green (Takara, Dalian China). 
β-actin was used as reference. MKP-5 primers: 
forward TGAAGCACACTCGGATGACC; reverse: 
CCTCGAACTCTAGCAACTGCC; β-actin primers: 
forward GCACAGAGCCTCGCCTT; reverse: GTT- 
GTCGACGACGAGCG. The performance of RT- 
qPCR was conducted on ABI 7500 system 
(Applied Bio-systems, MA, USA). Thermal cycle 
was as follows: 95°C for 30 sec, 95°C for 5 sec 
for 40 cycles, and 60°C for 35 sec.  

Cell counting kit-8 (CCK8) assay 

GES-1 cells (5×103/well) were grown on 96-well 
plates in triplicates, and were cultured in 100 
µL DMEM-HG (Hyclone, Logan, UT, USA) con-
taining 10% FBS for 2 days. CCK8 was used to 
evaluate cell proliferation according to the 
manufacturer’s instructions (Dojindo, Labora- 
tories, Kumamoto, Japan). Briefly, 10 µL CCK8 
solution was added to each plate, and cells 
were incubated for 3 h at 37°C. Cell viability 
was measured at 450 nm. All experiments were 
performed in triplicate and repeated at least 
two times.

Flow cytometry analysis

For quantification of the apoptotic cells, Annexin 
V (AV) and Propidium iodide (PI) apoptosis 
detection kit (R&D, Minneapolis, MN, USA) was 
utilized according to the manufacturer’s proto-
col described as previous study [19].  

Terminal deoxynucleotidyl transferase (TUNEL) 
assay

The GES-1 cells were grown on a coverslip and 
created groups. Cells were fixed in 4% parafor-
maldehyde solution for 1 h at room tempera-
ture after they reached 60% fusion on the cov-

erslip. They were incubated in permeabiliza- 
tion solution (0.1% Triton-X-100 in 0.1% so- 
dium citrate), and the apoptotic cells were 
labeled with a TUNEL kit from Roche (Mann- 
heim, Germany) according to the manufactur-
er’s instructions. All images were taken by 
FV1000 (Olympus, Japan). The apoptotic (TU- 
NEL-positive) cells were quantified using the 
Image J.  

Immunohistochemistry (IHC)

Immunohistochemistry was performed using a 
Dako Real Envision Detection System (Dako, 
Glostrup, Denmark). Slides were incubated with 
a primary antibody specific to MKP-5 (Sigma-
Aldrich, St. Louis, MO, USA), followed by incuba-
tion with a biotinylated secondary antibody and 
enzyme conjugate (Dako). They were stained 
with 3, 3’-diaminobenzidine and counterstained 
with hematoxylin. All sections were scored by 
the semi-quantitative H-score approach and 
validated independently by two experienced 
pathologists. 

Western blot analysis

Proteins were extracted by a RIPA lysis buffer 
(Solarbio, CN) containing protease and phos-
phatase inhibitor cocktail (Roche, Basel, 
Switzerland) and quantified using a BCA protein 
quantification kit (Thermo, USA). Total protein 
lysates were separated by SDS-PAGE gels and 
then transferred onto PVDF membranes 
(Whatman, Germany). The PVDF membranes 
were blocked with 1% BSA solution for 1h at 
room temperature and incubated with specific 
primary antibodies at 4°C overnight followed by 
the secondary antibody incubation at room 
temperature for 1 h. Specific antibody against 
β-actin, MKP-5, p-p38, p-pJNK, p-pERK, Occ- 
ludin, ZO-1, CHOP and TRIB3 were purchased 
from Cell Signaling Technology (CST, Beverley, 
MA, USA). All primary antibodies were diluted  
at 1:1500, and the corresponding secondary 
antibodies were diluted at 1:5000. 

Transmission and scanning electron micro-
scope study

Transmission electron microscopic (TEM) imag-
es were achieved using a Hitachi HD2300A 
microscope for the size of the magnetic parti-
cles as previously described [16]. For scanning 
electron microscopy (SEM), GES-1 cells after 
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treatment were grown on silicon chip in six-well 
plates. The cultures were placed in 5% CO2 at 
37°C for 4 h in a total volume of 2 ml. Then the 
silicon chips were removed and washed twice 
with PBS. The cells were fixed first with 2.5% 
glutaraldehyde for > 2 h, and then with 2% 
osmic acid. They were analyzed with a Hitachi 
S2520 scanning electron microscope. 

Statistics

Statistical analysis was performed by use of 
SPSS 19.0 (IBM, New York, NY, USA). All results 
were described as mean ± SD. Independent 
samples t-test was used in analyzing the differ-
ence of means between two groups. One-way 
analysis of variance was used in comparing the 

Figure 1. Hierarchical cluster analysis of 79 differentially expressed genes in 6 GES-1 samples. Three normal and 
three Clopidogrel-treated GES-1 cell samples. Each column represents one sample, where red denotes an increase 
in gene expression and green denotes a decrease in gene expression as compared with the other group. The 
brighter the color, the higher the gene expression level. 
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difference among three or more groups. P < 
0.05 was considered statistically significant.

Results

MKP-5 expression is significantly down-regu-
lated in gastric mucosa tissues from bleeding 
patients with long-term Clopidogrel use

As shown in Figure 1 from our previous study 
[16], using whole gene expression profile, we 
identified that MKP-5 was down-regulated by 
Clopidogrel in gastric mucosal epithelial cell 
line GES-1. To investigate the MKP-5 expres-
sion in gastric bleeding patients taking Clo- 
pidogrel over one year, we performed real-time 
PCR and immunohistochemistry in human gas-
tric mucosal biopsy specimens. Results showed 
that MKP-5 is under-expressed both at mRNA 
and protein levels in gastric mucosal biopsy 
specimens (P < 0.01) (Figure 2A and 2B), con-

in literature due to ethical reason. In our previ-
ous study we performed MTT assay to optimize 
the concentration in vitro studies. We found 
that the IC50 of Clopidogrel was calculated as 
10.14 ± 1.72, 1.57 ± 0.58 and 0.39 ± 0.16 mM 
for GES-1 cells treated for 12, 24, or 36 h, 
respectively [19]. Therefore, in the next We- 
stern-blot study, we chose 1.0, 1.5 and 2.0 
mmol/L of Clopidogrel to treat GES-1 cells for 
24 h. We found MKP-5 protein level was de- 
creased after Clopidogrel treatment and in- 
versely correlated with Clopidogrel concentra-
tion. Unexpectedly, the level of phosphorylated 
p38/MAPK was upregulated (Figure 2C and 
2D). These results suggest that MKP-5 is pres-
ent and functional in human gastric mucosa 
epithelium cells and treatment of Clopidogrel 
inhibits dephosphorylation of p38/MAPK. In- 
creased phosphorylation of p38/MAPK signal-
ing may lead to initiation of a series of apopto-
sis-related progress. 

Figure 2. Expression of MKP-5 and phosphorylated p38/MAPK in Clopido-
grel-treated gastric mucosal tissues and cells. A and B. MKP-5 expression 
was down-expressed at both protein and mRNA levels in gastric mucosal bi-
opsy specimens that were validated by immunohistochemistry and qRT-PCR. 
**P < 0.01 vs. control. Scale bar = 50 μm. C and D. Western blot analysis 
showed MKP-5 was decreased and negatively correlated of Clopidogrel. As 
MKP-5 decreased, the level of phosphorylated p38/MAPK was upregulated. 
**P, ##P < 0.01 and ***P, ###P < 0.001 vs. control. 

firming findings in our previous 
whole gene expression pro- 
file.

Clopidogrel down-regulates 
MKP-5 and activates the 
p38/MAPK signaling pathway 
in GES-1 cells 

We then investigated the ex- 
pression of MKP-5 and p38/
MAPK in GES-1 cells exposed 
to Clopidogrel in vitro. Dim- 
opoulou M’s in vitro experi-
ment mimicking Clopidogrel 
disintegration in stomach de- 
monstrated that the concen-
tration of Clopidogrel was sat-
urated after 15 minutes and 
was about 150 ug/ml (0.36 
mmo/L), and the rest of Clo- 
pidogrel was present in stom-
ach as precipitate [20]. In vivo, 
a previous study has shown 
that the highest concentration 
of Clopidogrel obtained in 
serum after administration of 
75 mg/d of Clopidogrel for 24 
h was 0.04 µmol/l [21]. Un- 
fortunately, the real concen-
tration of Clopidogrel in gas-
tric mucosa remains unknown 



Downexpression of MKP-5 is involved in Clopidogrel-induced gastric mucosal damage

1746	 Am J Transl Res 2020;12(5):1741-1753

MKP-5 overexpression inhibits the apoptosis of 
GES-1 cells induced by Clopidogrel

To further investigate the effect of MKP-5 in 
apoptosis of GES-1 cells, we used MKP-5 over-
express plasmid. After GES-1 cells were trans-
fected with MKP-5 overexpression or control 
blank plasmid, respectively, the transfection 
efficiency was assessed by qRT-PCR and west-
ern blotting (Figure 3). Results showed that 
MKP-5 overexpression inhibits Clopidogrel-in- 

duced MKP-5 downregulation (Figure 4A and 
4B). TUNEL assay further demonstrated that 
percentage of apoptotic cells is significantly 
lower in MKP-5 overexpressed cells than that in 
control GES-1 cells treated by Clopidogrel 
(Figure 4C). This result is further confirmed by 
both flow cytometry (Figure 5A and 5B) and 
CCK8 assay (Figure 5C). 

MKP-5 overexpression attenuates Clopidogrel-
induced TJs disruption in GES-1 cells. 

We next investigated whether MKP-5 affects 
TJs or not. As shown in Figure 6A and 6B, the 
amount of TJ protein Occludin and ZO-1 was sig-
nificantly decreased after treatment with 
Clopidogrel. However, this effect was attenuat-
ed by MKP-5 overexpression. By transmission 
and scanning electron microscopy, we found 
that TJs are tight and intact in normal GES-1 
cells. Clopidogrel severely disrupts TJ ultra-
structure, characterized by decreased electron-
dense materials in the TJs and absence of TJ 
membrane fusion, widened intercellular gaps 
and tracer extravasation. Intriguingly, MKP-5 
overexpression markedly alleviates these eff- 
ects (Figure 6Ca-c). Scanning electron micros-
copy showed normal GES-1 cells are connected 
to each other by tight and adherence junction 
complex, featuring continuous strands with 
almost no strand breaks. By contrast, 
Clopidogrel treated cells showed TJ complex 
with discontinuous network of tight junction 
strands. In the MKP-5 overexpression group, 
however, TJ strands were almost continuous 
with a few minor fractures (Figure 6Ca1-c1).

MKP-5 overexpression inhibits Clopidogrel-
induced phosphorylation of p38/MAPK and 
ER stress

With above results that Clopidogrel-induced 
GES-1 cell apoptosis is mainly due to ER-stress 
involving p38/MAPK signaling pathway. Our 
previous GO analysis showed that MKP-5 is 
involved in Clopidogrel-induced ER stress [16]. 
We then studied whether MKP-5 interacts wi- 
th p38, JNK or ERK/MAPK phosphorylation  
and affects the ER stress. In these experi-
ments, overexpression of MKP-5 decreased 
the amount of phosphorylated p38/MAPK 
induced by Clopidogrel, but did not affect phos-
phorylation of either JNK or ERK (Figure 7A and 
7B). ER stress-related transcription factors 

Figure 3. Construction of MKP-5 overexpression 
plasmid. After the GES-1 cells were transfected with 
MKP-5 overexpressing and blank plasmid, respec-
tively, the transfection efficiency was assessed by 
qRT-PCR (A) and Western blotting (B and C). **P < 
0.01 and ***P < 0.001 vs. control + MKP-5 (-). 
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CHOP and TRIB3 were both significantly down-
regulated by MKP-5 overexpression (Figure 7C 
and 7D). 

Discussion

Clopidogrel is widely used in cardiovascular dis-
ease, but bleeding in certain patients is con-
cerning for its clinical use [22]. Understanding 
of the underlying mechanism for gastric peptic 
ulcer related to Clopidogrel is critical to avoid 
this side effect. 

Gastric mucosal integrity is critically depen- 
dent on the balance between cell proliferation 
(renewal) and cell death by apoptosis. Recent 
studies have shown that tyrosine kinases play a 
pivotal role in maintaining this balance [23-26]. 
Previous study by Luo [23] in rats suggested 
that Clopidogrel delays gastric ulcer healing by 

attenuating gastric epithelial cell proliferation 
via phosphorylation activation of the ERK/
MAPK pathway. However, our studies show th- 
at Clopidogrel could upregulate all three MAPK 
signaling pathways: p38, ERK and JNK/MAPK 
in human gastric epithelial cell lines [16, 19] 

injuring the gastric mucosal epithelial cells. 
These findings are consistent with Chang’s [27] 
study which showed that all three MAPK signal 
transduction pathway are upregulated in etha-
nol-induced gastric ulcers in rats. These dis-
crepancies might be due to certain difference 
by species, but possibility of other unknown 
factors remains to be studied. Besides of these 
observations, we also found in our previous 
studies that p38/MAPK inhibitor SB203580 
could specifically alleviate the Clopidogrel-
induced apoptosis [16] and TJs destruction  
[19]. We therefore hypothesize that p38/MA- 

Figure 4. Effects of MKP-5 
on Clopidogrel-induced GES-
1 cells apoptosis by TUNEL 
assay. A and B. Western blot 
results revealed that MKP-
5 overexpression inhibited 
Clopidogrel-induced down-
regulation of MKP-5. ***P < 
0.001 vs. control + MKP-5 
(-); ###P < 0.001 vs. control 
+ MKP-5 (-) + Clopidogrel. 
C. TUNEL assay showed that 
the proportion of apoptotic 
cells induced by Clopidogrel 
was lower in MKP-5 overex-
pressed cells than that in 
blank plasmid group. Scale 
bar = 100 μm.   
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Figure 5. Effects of MKP-5 on Clopidogrel-induced GES-1 cells apoptosis by flow cytometry and CCK8 assay. A and B. MKP-5 overexpression inhibited Clopidogrel-
induced gastric mucosal cell apoptosis. ***P < 0.001 vs. control + MKP-5 (-); ##P < 0.01 and ###P < 0.001 vs. control + MKP-5 (-) + Clopidogrel. C. CCK-8 assay re-
vealed that MKP-5 overexpression accelerated proliferation of gastric mucosal cells upon exposure to Clopidogrel; ###P < 0.001 vs. control + MKP-5 (-) + Clopidogrel. 
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PK might play a key role in Clopidogrel-induced 
gastric mucosal injury. 

We subsequently used Agilent whole gene 
expression profiling analysis to test above 
hypothesis. The pathway and Go analysis dis-

played that the MKP-5 gene expression was 
significantly down-regulated in Clopidogrel-in- 
duced MAPKs’ phosphorylation and ER stress, 
supporting that p38/MAPK pathway does play 
a role in Clopidogrel-induced gastric mucosal 
injury. It’s known that MAPKs’ phosphorylation 

Figure 6. Effects of MKP-5 on TJs in GES-1 cells. A and B. Western blot analysis showed expression of TJ protein 
Occludin and ZO-1. ***P < 0.001 vs. control + MKP-5 (-); ###P < 0.001 vs. control + MKP-5 (-) + Clopidogrel. C. TEM 
a: The TJ structures were extremely tight and intact. TEM b: After Clopidogrel treated, the TJ was severely disrupted, 
characterized by decreased electron-dense materials and absence of TJ membrane fusion, further widened gaps 
and tracer extravasation. TEM c: MKP-5 overexpression markedly alleviated the TJ disruption. White arrowheads 
indicate typical changes in TJ structure. Scale bar = 1 μm. SEM a1: The normal GES-1 cells were connected to each 
other by the tight and adherence junction complex, featuring continuous strands with almost no strand breaks. SEM 
b1: Clopidogrel-treated cells showed a complex but strongly discontinuous network of tight junction strands. SEM 
c1: In the MKP-5 overexpression group, tight junction strands were almost continuously restored with only a few 
minor fractures. White arrowheads indicate typical changes in TJ structure. Scale bar = 10 μm.  
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status and activity are regulated by MKPs. 
MKPs dephosphorylate Thr-X-Tyr motif of an 
activated MAPK and thereby restrict the magni-
tude and duration of kinase activity [28]. 
However, it remains unknown which particular 
MKP among all known 11 members might be 
involved in Clopidogrel-induced p38/MAPK 
dephosphorylation. Our finding for the first time 
indicates that MKP-5 plays critical role in this 
process. There are 11 different MKPs, and the 
MKP-1 is the most investigated phosphatase 
among them. MKP-1 now is reported to sup-
press p38 and JNK/MAPK activity, and is a  
suppressor of inflammation in vivo [29, 30].  
Enhanced mRNA and protein expression of 
MKP-1 were found to be higher in the human 
gastric adenocarcinoma tissues [31] and rats 
portal hypertensive (PHT) gastric mucosa tis-
sues [32-34]. However, MKP-5 which found in 

pression of MKP-5 affects all three pathways, 
p38, JNK/MAPK and ERK/MAPK, which seems 
different from our observation. Whether this 
reflects a dose-dependent manner due to plas-
mid concentration or is simply due to different 
cell lines used remains to be determined [35-
37]. These results suggest that Clopidogrel can 
induce down-regulation of MKP-5 expression, 
therefore decreasing dephosphorylation of 
p38/MAPK, eventually leading to cell apo- 
ptosis. 

Our previous study has demonstrated that 
Clopidogrel-induced phosphorylation of p38/
MAPK could increase the expression of the ER 
stress transcription factor TRIB3 and CHOP, 
thereby inducing GES-1 cells apoptosis [16]. Go 
analysis in our previous study [16] and other 
studies [38] revealed that MKP-5 is involved in 

Figure 7. Effects of MKP-5 on MAPK signaling pathway and ER stress. A and 
B. MKP-5 overexpression decreased phosphorylated p38/MAPK induced by 
Clopidogrel, but no effect on either JNK or ERK pathway. ***P < 0.001 vs. 
control + MKP-5 (-); ###P < 0.001 vs. control + MKP-5 (-) + Clopidogrel. C and 
D. CHOP and TRIB3 were both significantly down-regulated by MKP-5 over-
expression. ***P < 0.001 vs. control + MKP-5 (-); ##P < 0.01 and ###P < 0.001 
vs. control + MKP-5 (-) + Clopidogrel. 

both cytoplasm and nucleus, 
is the less known member of 
the MKPs family. Until now 
there has been few reports of 
MKP-5 in digestive diseases. 
Consistent with the chip re- 
sults, our present study firstly 
confirmed that Clopidogrel-
exposed human gastric muco-
sa and in vitro cell lines did 
significantly reduce the MKP-5 
expression level. Meanwhile, 
we also found the expression 
of MKP-5 was negatively cor-
related with the degree of 
phosphorylation p38/MAPK. 

To further confirm the effect of 
MKP-5 on p38/MAPK dephos-
phorylation, we used MKP-5 
overexpression plasmid to see 
which downstream signaling 
molecule is dephosphorylat-
ed. Result shows MKP-5 over-
expression specifically deph- 
osphorylates and inactivates 
p38/MAPK, but not JNK or 
ERK/MAPK in Clopidogrel-tr- 
eated GES-1 cells. This is con-
sistent with other observa-
tions in colon cancer in which 
overexpression of MKP-5 pro-
motes cell proliferation [35]. 
In the same above article, 
Nomura reported that overex-
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ER stress-induced cell apoptosis. Here by 
MKP-5 overexpression plasmid, we confirmed 
that MKP-5 overexpression down regulates 
Clopidogrel-induced ER stress through inacti-
vating p38/MAPK. However, response to ER 
stress is an intricate signaling network with 
multiple transcription factors, molecular chap-
erones and signaling pathways involved [39]. 
Subsequent studies on the complicated signal-
ing pathways triggered by Clopidogrel are cur-
rently under further investigation. 

The protective gastric epithelial barrier com-
prises three components: The compact epithe-
lial cell lining, the specialized mucus covering 
and the bicarbonate ions. TJs exist among the 
gastric epithelial cell layer, which is the most 
critical in binding the epithelial cell layers and 
thus separating physiologically distinct com-
partments, restricting luminal antigens [40]. So 
the apoptosis of gastric mucosal epithelial cells 
directly leads to the TJs collapse, further induc-
ing inflammation and ulceration. Indeed, as 
represented in Figure 6, with the inhibition of 
GES-1 cells apoptosis after MKP-5 overexpres-
sion, the expression of tight junction protein 
Occludin and ZO-1 were significantly increased 
and the disruption of the TJs were also partially 
repaired, suggesting that MKP-5 contributes to 
protective mechanism in response to injury in 
gastric mucosa. 

Conclusion

In conclusion, the present study revealed that 
MKP-5 is downexpressed in gastric mucosa 
exposed to Clopidogrel. Overexpression of 
MKP-5 inhibits Clopidogrel-induced gastric epi-
thelial cells damage. This protective effect is 
due to inhibition of ER stress-induced apopto-
sis via MKP-5-mediated p38/MAPK dephos-
phorylation in gastric epithelial cells. These 
findings help us better understand the critical 
role of MKP-5-p38/MAPK signal pathway, 
apoptosis and gastric intercellular TJ proteins in 
Clopidogrel-induced gastric mucosal injury, 
implying potential therapeutic target in this 
side effects. 
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