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mucosa in cyclooxygenase�dependent and �independent pathway,

among which apopototic or autophagic cell death in gastro�

intestinal cells might be one of key cytotoxic mechanisms respon�

sible for NSAID�induced damages. Therefore, alleviating this cell

death after NSAIDs can be a rescuing strategy. In this study, we

explored the role of Smad7 on NSAID�induced cytotoxicity in gastric

epithelial cells. Using RGM1 cells, we have compared biological

changes between mock�transfected and Smad7�overexpressed

cells. As results, significantly decreased cytotoxicity accompanied

with decreased levels of cleaved caspase�3 and poly (ADP�ribose)

polymerase, Bax, and autophagic vesicles concurrent with

decreased expressions of autophagy protein 5 and microtubule�

associated protein light chain 3B�II were noted in Smad7�

overexpressed cells with indomethacin administration compared

to mock�transfected cells. Contrast to mitigated apoptotic execu�

tion, anti�apoptotic Bcl�2 and Beclin�1 were significantly increased

in Smad7�overexpressed cells compared to mock�transfected

cells. Smad7 siRNA significantly reversed these protective actions

of Smad7 against indomethacin, in which p38 mitogen�activated

protein kinase was significantly intervened. Furthermore,

indomethacin�induced Smad7 degradation through ubiquitin�

proteasome pathway was relevant to increased cytotoxicity,

while chloroquine as autophagy inhibitor significantly attenuated

indomethacin�induced cytotoxicity through Smad7 preservation

via repressed ubiquitination. Conclusively, either genetic over�

expression or pharmacological induction of Smad7 significantly

attenuated indomethacin�induced gastric cell damages.

Key Words: NSAID, gastrointestinal damages, Smad7, apoptosis, 

autophagy

IntroductionNon-steroidal anti-inflammatory drugs (NSAIDs) have been
widely used, with indications extending from pain, inflam-

mation to cardiovascular diseases and anti-cancer purpose in spite
of their notorious adverse effects including abdominal pain,
diarrhea, dyspepsia due to ulcer, upper gastrointestinal (GI) bleed-
ings and bowel perforation.(1,2) Since the primary mode of action
of NSAIDs is the inhibition of prostaglandin (PG) synthesis via
the inhibition of cyclooxygenase-1 (COX-1) and COX-2,(3) indis-
cernible decreases of gastroprotective prostaglandin E2 (PGE2)
had been regarded as core contributing factor for these adverse
effects, the mechanisms of NSAID-induced cytotoxicity occurred
as systemic outcome of COX-dependent mechanisms.

However, as representative COX-independent mechanisms
responsible to these GI adverse effects, recent molecular explora-
tion showed that apoptosis mediated by reactive oxygen species
(ROS) and endoplasmic reticulum (ER) stress has been put for-
warded.(4,5) Since cell death is a phenomenon occurring next to ER
stress followed by autophagic cell death, extensive cytotoxicity

can be a key arsenal responsible for NSAID-induced GI damages.
However, little information is available about bad liaison between
NSAID-induced gastric damages and transforming growth factor-
β (TGF-β) signaling pathway. TGF-β signals had been pivotally
implicated in either inflammation or cytotoxicity, the liaison
between NSAID and TGF-β signal should be investigated to find
the exit for rescue of GI tract. NSAID also had been tried for
cancer preventive purposes, for instance, familial adenomatous
polyposis and Barrett’s esophagus, in which aggressive cancers
are more addicted to autophagy for survival. In non-cancer cells,
autophagy being also implicated to be or not to be,(6,7) after which
we put hypothesis that Smad7 as an inhibitory regulator in TGF-β
signaling pathway can be friend or foe as far as NSAIDs are
concerned.

In spite of intense efforts to develop novel therapeutics like
GI-safer NSAIDs, still dependence on coxibs or combination with
acid suppressants is the only straitened answer next to avoidance
or reduced use of NSAIDs. Therefore, elucidating underlying hit-
blow mechanism implicated in NSAID-induced gastric damages
can yield aspiration for rescuing from gastric damages. Supported
with previous publications that NSAID can induce ER stress
and apoptosis,(5,8) ER stress is closely connected with autophagy
activation,(9,10) autophagy could regulate the fate of apoptosis,(11,12)

in the current study, we have explored the contribution of Smad7
on NSAID-induced cytotoxicity.

Materials and Methods

Reagents. Smad7, PARP-1/2, and β-actin from Santa Cruz
Biotechnology (Santa Cruz, CA), cleaved caspase-3, LC3B,
ATG5, phospho-ERK and phospho-p38 from Cell Signaling
Technology (Beverly, MA), and cleaved LC3B from ABGENT
(San Diego, CA). All other chemicals and reagents were pur-
chased from Sigma-Aldrich (St. Louis, MO) unless otherwise
specified.

Cell culture and cytotoxicity assay. The rat gastric mucosal
cells, RGM1, were kindly given by Prof. Hirofumi Matsui
(University of Tsukuba, Japan) and were maintained at 37°C in a
humidified atmosphere containing 5% CO2. RGM1 cells were
cultured in Dulbecco’s modified Eagle’s medium containing 10%
(v/v) fetal bovine serum, 100 U/ml penicillin, 100 μg/ml strepto-
mycin. RGM1 cells were plated and incubated for 24 h after which
media was changed with fresh one containing indomethacin or
chloroquine (CQ). Cell cytotoxicity was measured by MTT [3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.

Generation of Smad7�expressing RGM1 cells. The RGM1
cells stably expressing Smad7 were generated by using pLPCX
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retroviral vector. Flag-tagged Smad7 was inserted into pLPCX
and viruses were produced according to the manufacturer’s pro-
tocol (Cell Biolabs Inc., San Diego, CA). After infection, 1 μg/ml
of puromycin was treated for selection of cells expressing Smad7.
Cells containing empty pLPCX vector (RGM1-mock) were used
as a control.

Western blotting and immunoprecipitation. Treated cells
were washed twice with PBS and then lysed in ice-cold cell lysis
buffer (Cell Signaling Technology) containing 1 mM PMSF.
Proteins in lysates were separated by SDS-PAGE followed by
electro-transfer to polyvinylidene difluoride (PVDF) membranes
and probed with polyclonal or monoclonal antisera, followed
by horseradish peroxidase-conjugated anti-rabbit, anti-mouse IgG
and visualized by chemiluminescence, according to the manufac-
turer’s instructions (iNtRON Biotechnology, Seongnam, Korea).
For immunoprecipitation, the cell lysates were incubated with the
appropriated antibody for 1 h, followed by incubation with Protein
A Excellose-binding bead (Bioprogen Co., Daejeon, Korea) for 1 h
at 4°C. Beads were washed three times with the buffer used for
cell solubilization. Immune complexes were then eluted by boiling
for 5 min in 2X Tris-Glycine SDS Sample Buffer (Invitrogen,
Carlsbad, CA), and then extracts were analyzed by immunoblotting
as described above.

Annexin V apoptosis assay. Annexin V-FITC apoptosis kit
was purchased from BD Biosciences (San Diego, CA), and per-
formed according to manufacturer’s instructions. Briefly, after
treatment, the media was collected for including death cells and
adherent cells were trypsinized for 5 min and then suspended
with previously collected media. After washed, the cells were
suspended with 1x binding buffer, adjusted to final concentration
of 1.0 × 106/ml. One hundred μl of cell-binding buffer solution
was mixed with 4 μl of anti-Annexin V-FITC and propidium
iodide, then solution was incubated 15 min at room temperature in
the dark. Reactions were terminated with insertion of 400 μl of
binding buffer, then analysed by FACS Calibur flow cytometer
(BD Biosciences).

Analysis of GFP�LC3 dots. To detect translocation of GFP-
LC3 from the cytosolic fraction to autophagic vacuoles, Smad7-
expressed RGM1 cells transfected with GFP-LC3 were grown in a
Lab-Tek II chamber slide with cover glass (Nalge Nunc Inter-
national, Rochester, NY) for 24 h, after which cells were treated
with indomethacin. Autofluorescence GFP-LC3 (excitation 488 nm,
emission 515 nm) was observed under an LSM 700 confocal
microscope (Carl Zeiss, Jena, Germany).

RNA interference. The expression of Smad7 was abol-
ished using target-specific small interference RNA (siRNA)
molecules purchased from Bioneer (Daejeon, Korea). Smad7 siRNA
was transfected into RGM1 cells using Lipofectamine reagent
(Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions.

RNA Isolation and RT�PCR. Total RNA was isolated from
cells using TRIzol (Invitrogen) according to the manufacturer’s
protocol. Reverse transcription was performed with 1 μg of pure
RNA using M-MLV reverse transcriptase (Promega, Madison,
WI) according to the manufacturer’s instructions. The synthesized
cDNA was amplified by PCR using specific primers. PCR
products were visualized by electrophoresis on agarose gels with
RedSafe (iNtRON Biotechnology, Korea) staining and analyzed
using an Image Quant LAS 4000 image analyzer (GE Healthcare
Life Sciences, Piscataway, NJ).

Statistical analysis. The data are presented as means ± SD.
The Tukey test or the Student’s t for unpaired results was used to
evaluate differences between more than three groups or between
two groups, respectively. Differences were considered to be
significant for values of p<0.05.

Results

Smad7 mitigated indomethacin�induced apoptotic and
autophagic cell death in RGM1 cells. To investigate the effect
of Smad7 in indomethacin-induced gastric epithelial cell injury,
we generated RGM1 non-transformed gastric mucosal cells stably
expressing Flag-tagged Smad7. Smad7 expression, as compared
to parental and mock-transfected RGM1 cells, was verified by
Western blotting (Fig. 1A). When RGM1 cells were exposed to
different concentrations of indomethacin, 250 and 500 μM, for
24 h, their viabilities significantly decreased in a dose-dependent
manner in mock-transfected cells (p<0.05). However, the over-
expression of Smad7 in RGM1 cells significantly decreased the
indomethacin-induced cytotoxicity compared to mock-transfected
cells (p<0.001, Fig. 1B). The effect of Smad7 overexpression in
gastric epithelial cells was then determined by Western blot
analysis to examine whether indomethacin-induced cytotoxicity
was associated with apoptosis (Fig. 1C) or autophagy (Fig. 1D).
Caspase-3 and Bax activation, and resulting cleavage of poly
(ADP-ribose) polymerase (PARP), are known as key events
during the induction of apoptosis. As shown in Fig. 1C, treatment
of indomethacin at 500 μM for 24 h induced clearly increased
levels of the cleaved forms of caspase-3, PARP and proapoptotic
Bcl-2 family protein, Bax. Compared with those of mock-
transfected RGM-1 cells after indomethacin, these representative
markers of apoptosis were significantly reduced in Smad7-
overexpressed RGM1 cells (Fig. 1C), signifying that indomethacin
treatment was associated with cytotoxicity in RGM1 cells via
apoptotic cell death, while Smad7 mitigated these indomethacin-
induced apoptosis. Next, in order to see whether indomethacin
induced apoptosis occurred via autophagy, we examined the
levels of autophagy markers, autophagy protein 5 (ATG5),
microtubule-associated protein light chain 3B-II (LC3B-II) and
Beclin-1. Upon autophagy activation, the LC3B-I protein local-
ized in the cytoplasm is cleaved, lapidated, and inserted as LC3B-
II into autophagosome membranes,(13) while Beclin-1 prohibited
these process. To detect the expression of LC3B-II and ATG5,
Western blot analysis was performed with the lysates from mock-
transfected and Smad7-overexpressed RGM1 cells subjected to
indomethacin treatment. As seen in Fig. 1D, with indomethacin
administration, the levels of LC3B-II and ATG5 were signifi-
cantly increased in mock-transfected cells, while LC3B-II and
ATG5 were not significantly changed even with indomethacin
administration in Smad7-overexpressed cells. Instead, Beclin-1
was significantly increased in Smad7-overexpressed cells with
indomethacin administration.

Smad7 overexpression significantly ameliorated indo�
methacin�induced LC3B activation. To further confirm
whether overexpression of Smad7 protected indomethacin-
induced increase in autophagosome formation, we examined
GFP-LC3 dot formation by GFP-tagged LC3 in indomethacin-
treated pCMV-GFP-LC3-transfected RGM1 cells. Representative
fluorescence images, shown in Fig. 2A, clearly showed that
compared with mock-transfected control cells, overexpression of
Smad7 significantly decreased GFP-LC3 dot formation after
indomethacin administration. These confocal images were further
validated with Western blot for LC3B (Fig. 2B), showing knock-
down of Smad7 by siRNA in RGM1 cells significantly restored
indomethacin-induced LC3B-II formation (p<0.01).

Mitigated indomethacin�induced cytotoxicity in Smad7�
overexpressed cells was mediated through p38 MAPK acti�
vation. To explore mitogen-activated protein kinases (MAPKs)
contributed to rescuing action from indomethacin-induced cyto-
toxicity, we screened MAPK kinases, p38 and ERK1/2 between
mock-transfected and Smad7-overexpressed RGM1 cells after
different times, with indomethacin treatment. As seen in Fig. 3A,
p38 activation was significantly noted in Smad7-overexpressed
cells, remarkable increase in p38 activation after 16 h. Though
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phosphorylated ERK was significantly decreased after indomethacin
administration, while levels of ERK phosphorylation were signif-
icantly increased in Smad7-overexpressed cells, no significant
changes were noted with an MEK1 inhibitor (PD98029) (Fig. 3C).
The fact that TGF-β signaling pathway activates autophagy in
hepatocellular carcinoma cells, while the suppression of receptor-
activated Smads abolishes the induction of autophagy signifi-
cantly suggested that Smad signaling pathways are critically

involved in autophagy induction.(14) In addition, the findings that
Smad7 is required for activation of p38 and overexpression of
Smad7 has been demonstrated to causes activation of p38 MAPK
and apoptosis in prostate cancer cells revealed that different
roles of Smad7 in the regulation of the MAPK pathways and
apoptosis.(15) Taken together with the finding from Fig. 3A, in
order to investigate whether p38 activation is relevant to rescuing
action of Smad7 against indomethacin-induced autophagic cell

Fig. 1. Expression of Smad7 protects indomethacin�induced apoptotic and autophagic cell death in RGM1 cells. (A) Stable expression of Smad7 in
RGM�1 cells was detected with Flag�tag (upper) and Smad7 (lower) antibodies. (B) RGM1 cells treated with different concentrations of indomethacin
for 24 h were subjected to MTT assay. Bars represent mean ± SD (n = 3). (C) RGM1 cells were treated with 500 μM of indomethacin for different
time intervals (6–24 h) and the expression of apoptotic proteins Bax, cleaved caspase�3, PARP and Bcl�2 were detected by Western blotting.
(D) RGM1 cells were treated with 500 μM of indomethacin for different time intervals (6–24 h) and the expression of autophagic markers LC3B,
Beclin�1 and ATG5 were detected by Western blotting.
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death, we determined the levels of p38 and LC3B in the presence
p38 inhibitor, SB203580. As shown in Fig. 3B, indomethacin at
500 μM for 16 h significantly decreased the levels of Smad7
compared to before indomethacin administration, while in this
condition, p38 activation was significantly increased. In mock-
transfected cells, indomethacin administration significantly in-
creased LC3B-II after indomethacin administration, but no change
in Smad7-overexpressed cells, suggesting LC3B activation after
indomethacin was reversely influenced by p38 activation. These
findings were further confirmed by using a p38 inhibitor, as seen
in Fig. 3B, SB203580 together with indomethacin administration
in Smad7-overexpressed cells showed LC3B activation, increases
in LC3B-II expressions compared with indomethacin administra-
tion in smad7-overexpressed cells. However, no significant changes
were noted in Smad7-overexpressed cells irrespective of MEK-1
inhibitor treatment (Fig. 3C). Generally, indomethacin was reported
to increase COX-2 expression.(16) As seen in Fig. 3D, indo-
methacin administration significantly increased COX-2 expres-
sion in mock-transfected cells and Smad7-overexpressed cells.
However, the p38 inhibitor significantly decreased COX-2 expres-
sion in mock-transfected cells, while no significant changes
were noted in Smad7-overexpressed cells in the presence of p38
inhibitor, suggesting biological changes in Smad7-overexpressed
cells after indomethacin administration were influenced by p38
activation.

Indomethacin degraded Smad7 through the ubiquitin�
proteasome pathway. During investigation, we have found
significant decrements in Smad7 expression in Smad7-
overexpressed cells after indomethacin administration (Fig. 1C,
1D and 3B). Consistently, data showed the possibility of Smad7
degradation or expression inhibition with indomethacin. To see
whether indomethacin affects the expression of Smad7, we
repeated the analysis of the mRNA expression of Smad7 in control
and Smad7-overexpressed RGM1 cells treated with 500 μM of
indomethacin. As noted in Fig. 4A, indomethacin slightly
decreased Smad7 mRNA in Smad7-overexpressed RGM1 cells,
while it had no effect in control cells. However, as shown in
Fig. 4B, indomethacin administration significantly decreased the
expression of Smad7 dependent on exposure time, making the
hypothesis that indomethacin might degrade Smad7 through
post-transcriptional regulation. Therefore, in order to document
whether decrease of Smad7 protein levels after indomethacin is
result from increased ubiquitination, we have measured ubiquitin-
conjugated proteins after indomethacin treatment in Smad7-
overexpressed RGM1 cells. As shown in Fig. 4C, indomethacin
treatment resulted in a significant increase in the ubiquitination of
Smad7 as well as total ubiquitinated proteins, whereas proteasome
inhibitor MG132 blocked ubiquitin-mediated degradation of
Smad7 (Fig. 3D). Taken together with the above experimental
results that in the absence of Smad7 (siSmad7 transfection)

Fig. 2. Autophagy after indomethacin in mock�transfected and Smad7�overexpressed cells. (A) Smad7 expressing (RGM1�Smad7) or control
(RGM1�Mock) cells transfected with GFP�LC3 was treated with 500 μM of indomethacin for 16 h. The translocation of GFP�LC3 from the cytosolic
fraction to autophagic vacuoles was observed under a confocal microscope. (B) Smad7�expressed RGM1 cells transfected with different concentra�
tions of Smad7 siRNA were treated with 500 μM indomethacin for 16 h, and cell lysates were immunoblotted with anti�Smad7, anti�LC3B and anti�
β�actin antibodies (left). The expression levels of Smad7 and LC3B were quantified by densitometry. Bar represents mean ± SD, triplicate (right).
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indomethacin significantly increased LC3B-II (Fig. 2B) and fur-
ther LC3B activation with MG132 under Smad7 siRNA (Fig. 4E)
commonly implied significant and critical implication of Smad7
in NSAID-induced autophagic cell death, Smad7 degradation
after indomethacin add cytotoxicity pathway.

Chloroquine as Smad7 inducer mitigated indomethacin�
induced cell death in RGM1 cells. On the basis of previous
findings that overexpression or preservation of Smad7 protein in
gastric epithelial cells alleviated indomethacin-induced gastric
epithelial cytotoxicity, we searched pharmacological inducers of
Smad7. During screening agents, we found that CQ significantly
induces mRNA and protein levels of Smad7 in RGM1 cells
(Fig. 5A). CQ, an old antimalarial drug, is a highly promising
autophagy inhibitor for clinical use(17,18) against rheumatoid
arthritis and possibility of direct anti-cancer or chemotherapy
enhancing action.(19–21) Therefore, we continued to prove what
happened when pharmacological induction of Smad7 with CQ
was imposed to indomethacin-associated cytotoxicity. As seen in
Fig. 5B and 5C, indomethacin significantly increased apoptosis as
measured by Annexin V and cleaved caspase-3 (p<0.01), but co-

treatment with 6 μM CQ and 500 μM indomethacin significantly
decreased cell apoptosis (p<0.01). These results suggest that
Smad7 played protection from indomethacin-induced cytotoxicity
and pharmacological inducers of Smad7 can rescue stomach from
indomethacin-induced gastric damages.

Discussion

In the current study, for the first time, it was clearly documented
that NSAID-induced apoptotic or autophagic cell death was
accompanied with Smad7 depletion. The explored fact that
degradation of Smad7 as COX-independent cytotoxic mechanisms
responsible for NSAID-induced gastric epithelial cell injury led
to anticipation that autophagy inhibition or Smad7 preservation
can be an anticipating strategy rescuing from NSAID-induced
gastric damages (Fig. 6). Though selective COX-2 inhibitor
(coxibs) or combination of NSAID and proton pump inhibitor
(PPI) is preferred strategy to mitigate NSAID-induced cyto-
toxicity, several limitations that risk of thromboembolic events,
the leaky gut syndrome or collagenous colitis after PPI combina-

Fig. 3. p38 MAPK plays an important role in indomethacin�induced autophagic cell death. (A) Smad7 expressing (RGM1�Smad7) or control (RGM1�
Mock) cells were treated with 500 μM of indomethacin for different time intervals (6–24 h) and the activation of p38 was detected by Western
blotting. (B) Western blot of phospho�p38 and LC3B after treatment of SB203580 and indomethacin in mock�transfected or Smad7�expressed RGM1
cells. (C) Western blot of phospho�ERK and LC3B after treatment of PD98029 and indomethacin in control or Smad7 expressing RGM1 cells.
(D) Western blot of COX�2 after after treatment of SB203580 and indomethacin in mock�transfected or Smad7�expressed RGM1 cells. The ratio of
COX�2 to β�actin was quantified by densitometry. Bar represents mean ± SD, triplicate (right).
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tion, increased intestinal permeability the risk of small intestinal
damages, and direct toxicity of NSAIDs still threatened the
NSAID use in elderly person. In this point of view, out study
opens the possibility looking at rescuing from NSAID-induced
gastroenteropathy with the novel strategy of Smad7 preservation.
From our study, CQ or other compounds enhancing Smad7 expres-
sion achieved equivalent or higher efficacy against indomethacin-
induced gastric damages than current coxibs or PPI combination,
but the necessity of well-designed clinical trials for future clinical
application is needed.

In the current study, quite novel findings regarding the protec-
tion from NSAID cytotoxicity were explored onto the following
two matters, one was regarding Smad7 preservation and the
other was CQ revisited as autophagy inhibitor as well as Smad7
inducer. Recently great achievement was done relevant to Smad7
anti-sense oligonucleotide in the treatment of inflammatory bowel
disease, where the restoration of anti-inflammatory cytokine and
TGF-β signaling through Smad7 inhibition.(22) In this condition,
TGF-β inhibitory Smad7 was implicated in the propagation of
intestinal inflammation, after which anti-sense oligonucleotide,
Mongersen, effectively restored anti-inflammatory role of TGF-β.
In the current study, Smad7 contributed to limit the cytotoxic
influence of NSAIDs, by which CQ as Smad7 inducer signifi-
cantly contributed to rescuing action of NSAID cytotoxicity.

It has been demonstrated that Smad7 can interact with other
intracellular proteins and regulate also TGF-β-independent
signaling pathways, should be cautiously interpreted according to
disease condition. For instance, Smad6 or Smad7, even though
they are inhibitory mediators of anti-inflammatory TGF-β,

contributed to ameliorate allergic dermatitis, radiation stomatitis,
or sepsis.(23) Different with the above inflammatory bowel disease
or Helicobacter pylori-associated gastritis, Smad7 exerted overt
protective action against NSAID-induced cytotoxicity in the
current study. Though CQ has been used for malaria for over 500
years as well as disease-modifying properties in systemic lupus
erythematosus for over 50 years,(24) newer iterations of this class of
anti-inflammatory agents was done on the treatment of auto-
immune diseases as well as indication as for inflammatory
diseases based on Toll-like receptor-associated mechanisms. In
the current study, we put forward as potential autophagy inhibitor
against NSAID-associated cytotoxicity. Some researchers put CQ
into an anticancer drug as new horizons for old drugs,(17,18) in this
indication as autophagy inhibitor targeting cancer metabolism.
Clinical trials are ongoing where CQ or hydroxyl CQ are used to
sensitizes cancer cells to chemotherapy independent of autophagy
and where repositioning CQ to eliminate cancer stem cells in
premalignant lesions.(25,26) Our study might be the first to target
CQ as for relieving NSAID-induced gastric damages focused
onto the specific mechanisms of NSAID cytotoxicity.

Lastly, ever novel finding relevant to Smad7 expression after
NSAID was NSAID led to Smad7 degradation via ubiquitin-
proteasome pathway. As seen in Fig. 4, indomethacin led to
significant repressed status of Smad7, rapid down-regulation of
Smad7 consistent with its accelerated degradation. In the litera-
ture, aristolochic acid-induced nephropathy and streptozotocin-
induced diabetic nephropathy were reported with significant
ubiquitination of Smad7,(27,28) but never in NSAID-induced GI
damages before our investigation. Though not investigated in the

Fig. 4. Indomethacin treatment induces proteasome�dependent degradation of Smad7 in RGM1 cells. Smad7 expressing (RGM1�Smad7) or control
(RGM1�Mock) cells were treated with 500 μM of indomethacin and the mRNA expression (A) and protein levels of Smad7 (B) were detected by
RT�PCR and Western blotting, respectively. (C) Smad7�expressed RGM1 cells were treated with 500 μM of indomethacin for 16 h and the protein
lysates were immunoprecipitated with anti�Smad7 antibody and immunoblotted with anti�ubiquitin antibody. (D) Smad7�expressed RGM1 cells
were treated with 500 μM of indomethacin for 16 h in the presence of absence of MG132 and protein levels of Smad7 were detected by Western
blotting. (E) Smad7�expressed RGM1 cells were treated with 500 μM of indomethacin for 16 h in the presence of absence of Smad7 siRNA and
the protein levels of Smad7 and LC3B were detected by Western blotting.
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current study further, an important regulatory step involving
specific ubiquitination by Smurfs (Smad-ubiquitin regulatory
factors), members of the homologous to E6-associated protein C-
terminus ubiquitin ligase family, mediates the proteasomal
degradation of Smads and/or receptors.(29) Though differentially
implicated, Smad7 was also post-transcriptionally regulated in
inflammatory bowel disease, its increase in patients with inflam-
matory bowel disease is due to stabilization by p300 acetylation,
thus, preventing Smad7 ubiquitination and proteasomal degrada-
tion, that is, Smad7 protein in cells from normal gut is ubiqui-

tinated, whereas in inflamed gut, Smad7 is acetylated and not
ubiquitinated, is not degraded.(30) Translating with our investiga-
tion, the levels of Smad7 in mock-transfected cells were very
low, but in case of increased Smad7 levels, NSAID significantly
increased proteasomal degradation, enabling susceptible to NSAID-
induced cell damages. Therefore, MG132, other natural products
as well as CQ can be possible candidates for rescuing NSAID-
induced GI damages after further investigations.

Since NSAID-induced apoptosis or autophagy seems to be
allied to license cell death, optimal modulation of autophagy can

Fig. 5. Chloroquine rescues indomethacin�induced apoptotic cell death in RGM1 cells. (A) RGM1 cells were treated with chloroquine, and the
mRNA expression and protein levels of Smad7 were detected by RT�PCR and Western blotting, respectively. RGM1 cells were treated with 500 μM of
indomethacin for 16 h in the presence or absence of chloroquine, the levels of apoptosis (B) and cleaved caspase�3 (C) were detected by flow cyto�
metry and Western blotting, respectively. The ratio of cleaved caspase�3 to β�actin was quantified by densitometry. Bars represent mean ± SD
(n = 3).

Fig. 6. Preservation of Smad7 expression rescues NSAID�induced cytotoxicity. Schematic summary to explain Smad7 preservation can be an anti�
cipating strategy rescuing from NSAID�induced gastric damages.
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be an earnest opportunity to attenuate NSAID-associated gastric
damages. However, extensive large scale of clinical study will be
required to put autophagy inhibitor as novel therapeutic strategy to
rescue stomach from NSAID-induced gastric damages.
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