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Role of Inhibitory Transforming Growth Factor-f Signal Smad7 in Helicobacter pylori-
associated Gastric Damage

Ho-Jae Lee, Jong Min Park®, and Ki Baik Hahm™?

Department of Biochemistry, Gachon University School of Medicine, Incheon, CHA Cancer Prevention Research Center, CHA Bio Complex,
CHA University’, Digestive Disease Center, CHA Bundang Medical Center’, Seongnam, Korea

Background/Aims: Transforming growth factor-beta (TGF-B) is a cytokine implicated in the susceptibility, development, and pro-
gression of gastrointestinal cancer and certain other neoplasms. In the later stages of cancer, TGF-§ not only acts as a bystander
of host-immune response, but also contributes to cell growth, invasion, and metastasis. In the current study, we generated
gastric mucosal cells that stably express Smad7, and explored the Helicobacter pylori-associated biological changes between
mock-transfected and Smad7-transfected RGM1 cells.

Methods: RGM1 cells stably transfected with Smad7 were infected with H. pylori, and molecular changes in apoptotic markers
and inflammatory mediators were examined. Several candidate genes were explored in Smad7-overexpressing cells after H.
pylori infection.

Results: Overexpression of Smad7 in RGM1 cells significantly increased the H. pylori-induced cytotoxicity compared to mock-trans-
fected cells. Exaggerated increases in inflammatory mediators, cyclooxygenase 2, inducible NO synthase, and augmented apoptosis
were noted in Smad7-overexpressing cells, whereas mitigated heme oxygenase 1 was noted in Smad7- overexpressing cells. These
phenomena were reversed in cells transfected with Smad7 siRNA.

Conclusions: These data suggest that inhibition of Smad7 is a possible target for mitigating H. pylori-associated inflammation.
(Korean J Gastroenterol 2016;68:186-194)
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1. MES 3 MIZHIE

AAF rat YA AEFQ] RGM1 AlEE 10%9] fetal bo-
vine serum©| ¥3%}%¥ Dulbecco's modified essential me-
dium (DMEM)¥} Ham F12 Z3Hj|R|of| A 37°C A|EH|] 7]
(95% air, 5% CO.)E HjFs}sict.

2. H. pylori 23 A MEZSE

o] AYo] AFRE H pylori w3(cytotoxin-associated
gene A [CagA]+strain, NCTC 11637)+=
Culture Collection (ATCC, Rockville, MD, USA)O Z 1 E]
T43FAT). 5= 5% bovine calf serum} SAYA|7} H7HE
Brucella brotho]A] 1x10° CFU/mL (ODepo=1)7} & wj7}4]
10% CO, 7104 A5 wjFslaict. AlzolA el 4 v
(multiplicity of infection, MOI)= 100:1% AR-3}3iCh

American Type

3. Smad7 LT MEF F

Smad7 SUAL QPPHOT WHR AEFO AFE
Clontech (Palo Alto, CA, USA)Q] pLPCX retroviral vector
£ AHgeklck. Hholelz
DNA constructS pLPCX vectoro]] A19]3t pLPCX-Flag-Smad7

vectorS Phoenix A packaging Aol &2 3F¢(transfec-
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tion)sto] A|ZsFGITh o]A& RGM-1 A|3E=of] FAAX] &

2k A2 gte] Smad70] A E =
HMH O & pLPCX vectorsS ¥3}
Sl= RGM-1 A|XZE control A|ZZZ ARSI
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Mg Qs FU9
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4. MTT assays Sot MIE MEZH

A|EZE 48-well disho] 1x107H/well® =33+ th

DMEM HjA| o)A vjek3}gint. o] Zhzko] AJeke: oA A
]

(0]
=
A sto] MTT solution (XE% % 1 mg/mL)S 71841 24
&< BES3E & dimethyl sulfoxide® §-8|A171 & 540 nmojlA]

2gsieint

oA e

optical densityS microplate reader=

5. Flow cytometryE S8t apoptosis &H

Z¥z¥o] Ad o] thel Annexin V (PharMingen, San Diego,
CA, USA) 99X flow cytometer (FACScan; Becton
Dickinson, Mountain View, CA, USA)2} CellQuest pro-
gram (Becton Dickinson)2 AMES}e] 1-2x107¢] AEE
oAl ZA3lett FE AZELS FL3A (PI) vs. FL3W (PI)
T By oA AQetgict A2 B WinList 4.03¢
ModiFit LT 3.0 software program (Verity Software House,
Topsham, ME, USA)S o]&3}%th

6. Western blot 24

HoF=l A|¥E phosphate buffered saline §H o2 AA
St & cell lysis buffer (1560 mM NaCl, 0.5% tritonx 100,
50 mM tris-HCl, pH 7.4, 25 mM NaF, 20 mM ethyl-
eneglycol-bis (B-aminoethylether)-N, N’'-tetraacetic acid,
1 mM dithiothreitol, 1 mM Na3zVO,, Protease Inhibitor
Cocktail tablet [Boehringer, Manneim, Germany])= &3
AlA protein lysateS THEICH o|A
fate-polyacrylamide gel electrophoresis® 7] 33 &
AMAIZ] S-S PVDF membrane (Gelman Sciences,
Ann Arbor, MI, USA)o| &4 Z+Z+9] primary antibody2}
secondary antibody® HFS-A|Zl &, chemoluminescence
systeme ©|-§-sfo] A5

< sodium dodecyl sul-

7. Reverse transcription PCR &4

RNA= TRIzol (Gibco BRL, Rockville, MD, USA)S ©]&
sto] Zatgo
mia virus JHALA A (Perkin Elmer, Morrisville, NC, USA)
£ olg 3] cDNAZ WISt POR 240 ALgsl 212}
9] primer A€-2 Table 1°f YEFHS L
2 A glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
& Attt

, 2Z&= RNAX moloney murine leuke-

, internal standard
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Table 1. List of Primer Sequences Used for RT-PCR Analysis

Gene Forward Reverse
Xbp-1 5'-AAACAGAGTAGCAGCGCAGACTGC-3' 5'-GGATCTCTAAAACTAGAGGCTTGGTG-3'
Gadd34 5'-CCCTCCAACTCTCCTTCTTCAG-3' 5'-CAGCCTCAGCATTCCGACAA-3'
Ddit3 5'-GAAAGCAGAAACCGGTCCAAT-3' 5'-GGATGAGATATAGGTGCCCCC-3'
Smad7 5'-GGGCCTTTTTGGGGAGAGGCG-3' 5'-GTCCTGAACATGCGGGGCGAG-3'
Cox2 5'-GAAATGGCTGCAGAGTTGAA-3' 5'-TCATCTAGTCTGGAGTGGGA-3'
Nox2 5'-TTTTCCCAGGCAACCAGACG-3' 5'-GTAGCGGGGCTTCAGAATGG-3'
TNF-a 5'-CCCTCACACTCAGATCATCTTCTCAA-3' 5'-TCTAAGGTACTTGGGCAGGTTGACCTC-3'
Hol 5'-GACAGCATGTCCCAGGATTT-3' 5-GGTTCTGCTTGTTTCGCTCT-3'
16 5'-CTTCCAGCCAGTTGCCTTCT-3' 5'-GAGAGCATTGGAAGTTGGGG-3'
Gapdh 5'-GGTGCTGAGTATGTCGTGGA-3' 5'-TTCAGCTCTGGGATGACCTT-3'
* * * *
120 - Hl Mock *p<0.001 5 - Hl Mock
WT  Mock Smad7 1 Smad7 1 Smad7
5 3 ] 3
Flag-Smad7 ‘ g 100 £ 4]
- [] o
(8] o
< 80 1 <
[$] [S]
Smad7 | . . g g 3
kS i kS]
X 60 z
= £ 2
s 407
© kel
> Q o
3 20 g1
(&} <
0 T 1 O T 1
0 100 (MOI) Control H. pylori
H. pylori, 24 h
H. pylori H. pylori
(100 MOI, 24 h) (100 MOQl, 24 h)
Mock Smad7 Mock Smad7 Mock Smad7
- wd
Cleaved PARP t - XBP-1
il

Bax
GADD34

B-actin
CHOP

Smad7

GAPDH

Fig. 1. Cytotoxicity against Helicobacter pyloriin Smad7 overexpressed cells. (A) Stable expression of Smad7 in RGM1 cells was detected with
Flag-tag (upper) and Smad7 (lower) antibodies. (B) MTT assay in mock- or Smad7-transfected RGM1 cells after treatment with 1200 multiplicity
of infection (MOI) H. pylori. (C) mock- or Smad7-transfected RGM1 cells were treated with H. pylori (100 MOI) for 24 hours, followed by Annexin
V staining. Cells were stained with Annexin V-FITC and propidium iodide, and analyzed by flow cytometry. Bars represent mean+SD (n=3). (D)
Western blot analysis of PARP and Bax after treatment with 200 MOI H. pylori in mock-transfected or Smad7-transfected RGM1 cells. (E) Expression
of XBP-1, GADD34, CHOP, and Smad7 mRNA after treatment with 100 MOI H. pylori in mock-transfected or Smad7-transfected RGM1 cells.
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8. Microarray for genes implicated in Smad7-regulation
after H. pylori infection
Microarray 548 €3t RNA: TRIzolS o]&3lo] %53
o total RNARHE cDNAE TH= & Agilent Whole
Genome 8x60K arraykit (GenoCheck, www.genocheck.
com)E o]gsto] ALt AR ou] Sl Al
oAl Panther Classification System (www.pantherdb.
orgy& ©l-§3to] BT

= o %
Statistics ver. 20.0 (IBM Co., Seoul, Korea) ZZ 1L 0]
£35l0] ANOVA EA43F & Duncan’s multiple range test®}
Scheffe’'s multiple range testS ARSI oW, p<0.05 $

Zold M2 el felde Agstact
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Mock Smad7 Mock

Smad7

£ I

1. M &4

RGM19]|A Smad7 retrovirus Z49S £3l Smad70] 3}k
HELS FelslithFig. 1A). Mock-transfected RGM1 A|3E
¢} Smad7-transfected RGM1 Al XA H. pyloriEs 24A|7F
59k AT % AL S42 I AT, RGML A|ZOA
H pylon®] 49e AE S48 27M71E A0 teie
], 3] Smad7 ILE A|E9] ¢ mock-transfected thx
2 AEET 9% SAH0 fo A 549 F7Hp
<0.01)E HYk Flg 1B). Smad7 IS A|Eo| A Q] AlE
=4 F7171 apoptosiset B0 U=AE LopR 7] st
PI®} Annexin V& ©|-&3}9] flow cytometry 41 A|3§d}
@i, Smad7 IIEA A|EFo|M FAHOE {KOTHp
<0.01) apoptosis® Z7}7} A6 tHFig. 1C). H. pylori
o] ZFHel J8)| apopotosis7t PoldS
¢l poly (ADP-ribose) polymerase (PARP)®| cleavage®}
proapoptotic marker Thl2l o] Bax9] &dL ZXA}SH ﬁl}
control RGM1 A|ZF(mock) Bt} Smad7 I A Lo
A cleaved PARP2} Bax? ®do| Z7}819thHFig. 1D).
RGM1 A|3EA H. pylori ZF¥o] 2]} endoplasmic retic-

apoptosis executor

H. pylori
(100 MOI, 24 h)

Mock Smad7 Mock Smad7

COX-2

B-actin

- e G
. -
T — G G-

H. pylori
(100 MOI, 24 h)

Mock Smad7 Mock

HO-1
Smad7

GAPDH
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Fig. 2. Inflammation mediators against
Helicobacter pylori in Smad7 over-
expressed cells. (A) Expression of
Cox-2, iNOS, TNF-a, and Smad7
mRNA after treatment with 100
multiplicity of infection (MOI) H. pylori
in mock-transfected or Smad7-trans-
fected RGM1 cells. (B) Western blot
analysis of COX-2 and iNOS after
treatment with 100 MOI H. pylori in
mock-transfected or Smad7-transfected
RGM1 cells. (C) Expression of HO-1
and Smad7 mRNA after treatment
with 100 MOl H. pylori in mock-
transfected or Smad7-transfected
RGM1 cells.
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siRNA
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Helicobacter pylori in Smad7 knock-
down cells. (A) Target-specific siRNA
for Smad7 (Smad7 siRNA) or a nega-
tive control RNA (mock) was trans-
fected into RGM1 cells for 24 hours.
Expression of Cox-2 and Smad7
mRNA was checked by RT-PCR. (B)
Expression of COX-2 and Smad7 were
compared between mock-transfected
and Smad7 siRNA-transfected cells.
(C) Expression of IL-6, TNF-a, and
iNOS mRNA were compared between
mock-transfected and Smad7 siRNA-

GAPDH

Table 2. Genes Down-regulated in Smad7-overexpressing RGM-1 Cells after Helicobacter pylori Infection

transfected cells.

H. pylori Gene symbol Description H. pylori/control intensity
0.24766 MpzI3 Myelin protein zero-like 3 0.78
0.24227 Tmem209 Transmembrane protein 209 0.83
0.23147 Pde2a Phosphodiesterase 2A, cGMP-stimulated 0.69
0.22563 Stc2 Stanniocalcin 2 1.09
0.21645 Tnfrsf21 Tumor necrosis factor receptor superfamily, member 21 0.69
0.21413 Cdc42se2 CDC42 small effector 2 0.44
0.21286 CD44 CD44 molecule 0.87
0.20468 Dnajc3 DnaJ (Hsp40) homolog, subfamily C, member 3 0.88
0.19036 Cenpk Centromere protein K 0.72
0.18423 Ptgs2 Prostaglandin-endoperoxide synthase 2 2.31
0.17253 Riok3 RIO kinase 3 (yeast) 0.88
0.12621 Atf6 Activating transcription factor 6 0.85
0.06935 Abcbla ATP-binding cassette, sub-family B (MDR/TAP), member 1A 1.28
0.06903 Ccl4 Chemokine (C-C motif) ligand 4 1.27
0.04475 1123a Interleukin 23, alpha subunit pl19 1.27
0.04155 Cox6a2 Cytochrome ¢ oxidase, subunit Vla, polypeptide 2 0.73
0.03243 Derl3 Derl-like domain family, member 3 0.56
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Table 3. Genes Up-regulated in Smad7-overexpressing RGM-1 Cells after Helicobacter pylori Infection

H. pylori Gene symbol Description H. pylori/control intensity
12.90167 Expi Extracellular proteinase inhibitor 2.35
9.19571 Stecl Stanniocalcin 1 2.87
8.39839 Cxcl1l Chemokine (C-X-C motif) ligand 11 1.36
7.40992 Krt14 Keratin 14 1.64
6.48686 Rab40b Rab40b, member RAS oncogene family 1.25
6.42740 Terc Telomerase RNA component 1.26
6.37652 Ubd Ubiquitin D 1.11
6.10055 Cfb Complement factor B 1.67
5.95001 Pla2g2a Phospholipase A2, group IIA (platelets, synovial fluid) 1.32
5.29546 Hsd11b1l Hydroxysteroid 11-beta dehydrogenase 1 2.10
5.23783 Ppplr3c Protein phosphatase 1, regulatory (inhibitor) subunit 3C 3.07
4.84217 Aldoc Aldolase C, fructose-bisphosphate 1.62
4.70297 Myh11 Myosin, heavy chain 11, smooth muscle 1.75
4.66639 Mxil MAX interactor 1 1.41
4.49582 Tnk2 Tyrosine kinase, non-receptor, 2 6.09
4.43258 Smad6 SMAD family member 6 1.00
4.40368 Mapt Microtubule-associated protein tau 1.36
4.36186 Pitpnc1 Phosphatidylinositol transfer protein, cytoplasmic 1 5.34
4.19300 Rasgrp2 RAS guanyl releasing protein 2 (calcium and DAG-regulated) 1.21
4.15559 Rragd Ras-related GTP binding D 1.15
4.08929 Ndrgl N-myc downstream regulated gene 1 2.10
4.06843 Statl Signal transducer and activator of transcription 1 1.11
4.06837 Tmem140 Transmembrane protein 140 1.16

<0.01), Smad7°] FIAH A|EFol| M= of2fdt S/
Qlxje] o] B9 Z718HcHFig. 24). Smad7o] TLHE
ﬂ Fo| A H pylori ¥ 93t Cox-22} iNOS mRNAZ]
IS Z71= COX-29} iNOSe| thild vk o 2 xjslels}e]
ﬂ'(Fig. 2B). 3FH, Smad7 IS AEF|A = H pylori 3
doll web G4 9 95 ARl heme oxygenase-1
(HO-1) mRNAS] ¥ A2 #XatothFig. 2C).
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H. pylori & inhibitory Smad7
Over-expressed inhibitory
Smad7

Ablated Smad7 |
mad7 siRNA |

_______________

Up-regulate
genes Down-regulated
(See Table 1) / genes

(See Table 2)
| Deranged TGF-B signaling

. |

Paradoxically exagerated cytotoxicity (apoptosis> ER stress)
Increased inflammatory mediators (Cox-2, IL-6, iNOS, TNF-a)
Mitigated HO-1 response

\

| Increased H. pylori-associated damages |

L/

| Gastritis/gastric carcinogenesis |

w

Fig. 4. Schematic summary. The current study raises hope that
inhibiting Smad7 can be a strategy to alleviate Helicobacter
pylori-induced gastric damage.

ER stress, endoplasmic reticulum stress.

Smad7 I EFANA H pylori 7% & HO-19] W A e
Smad79] FI&of o) FAZ Alo|EIQIQl TGF-pS] ¢
& AN Ao = A Et E3F Smad79] A A Eof
A H pylori®] 7+30] neh wsksls $x] Aoz 9|
Hub AlEFol Al TGF-p AlZ A ] A IR 280l
Smad7¢] TPHARL H. pylori 7H0] T2 AE =4 91 @
uZelake] 2719} Telo] YgithFig. 4)
ol A= olv] AFA WHLZIM Smad79] anti-
sense oligonucleotide® &3 Smad7 Wd JAE 5 &
oA R > AIAQl JAEIE Hol: Morgensen
Ao Ao} FARRE A3 AIHE Atk H. pylori]
H @Ao] Aol 4 TCF-p Alx AT Fat ulfg
¢l Smad3 &4JeP7} A EIL o]2fet AR Smad79]
Z7he Aow Uehdtis B Ke} 2ol H
pylori 44 Aol A oAl TGF-B] Aodds g4l

=

18 o2
o

Z d

o

N
reb Y oR mo ofN

-

T

= RS

3F A~ L =1 o o) =z & o

YR 29 4 ol OFRS TORp 109 YUF BHS
O -3 A

Smad7< I AAIZ] AHaEo| A H. pyloriol 3t &5
S} ALAFEO] BAF Z71Elo] Tt A po]
2= 9o} Y2 Smad7 siRNAZE ©]-83F Smad79)
A H. pyiori 40l HE @% 8-S ORI 4
ekt ol ATelHE H. pylon 7] mHE
220 A 2] Al =43 95 B Zé‘.ﬁﬁ_ Smad79]
W3l 01} Monteleone 572 3 JJ- 7ot

A S A AMA|EL e T YL ol A

g
=

Jo
4o oo rgt w T

o T

32,

o]N

\Byi

>~

:L!

A

L

ox 12 o>“ tlo 4
oR ok

olN o

o

1
Al
ol 9 Aol Smad70] F838HA AEhS Hil
o ub gtk olgfet AT Smad7 WHE AL 4
%)% anti-sense oligonucleotides®]] 2ot thAY &R
Aol 570 9AE dold d5A tgEst B =
FA) YA S WS v 9k
HAELE TGF-B A% uj7]9] Smad2 T+ Smad37} ofd
dominant negative TGF-f receptorg WHAA7] & &
98 F9) TGRp A8 ALOT R ASH AL
ok}, A7heel AAdel WAt vkl AEu H. pylor 7F
ol o A1) Skl wE SIAESE 9 A% gl
of o] Z7bETIE ARAIE R v Yk ol
Hlo|AFA o] TGF-B A% AE-2 TGF-B receptor®] haplo-in-
suficiency stateol] 2J8f @52 g} gl ¢f HAYO = o]od
o, o2 AFAER 749" H pylorn A% 919
gl oJot ubAg %3 highiotics®] 24 gastrin WHEA® S
Smad70] wAl el dhetel muat wt gk
o[t Aol A= H. pylori ZF@ell 3lo] Smad79] o]
ool 2AFBF O, Nguyen 5°9] ¢17of 2J3@ H. py-
lori £4J0A} CagAE Smad3®} EolHoz Aglslo
TGF-Bol 98l =%+ IL-8, CXCL1, CXCL3 51} #& ¢
Z WIS w AR RaHA AdOo =M H pylorio]
o 4% WeS ZUNY 4 A, Gl ozl Bz
Alo]|E7Lelel TGF-BU L 84 GALS JAAA H. pylori
el T e AAAS DA HE 4 -
Ak Eot Jo 5] Aol o8t H. pylori 74 ¥4l
A TGF-B =8A4|¢] W& o] ZraE o] §glomn, in vitro ¥4
A H. pylori 79 24Xt o]Wofl R-23t TGF-B o] 74
T30 o]efet A4S 2441t o] %o JEo| =t o= H.
of gt TS fd sFE ol
“stupid host defense response”® 4= A}l HsFT]
B, AE B3 715S e Nif27l daE BFolAs B
pylori 7r¢lo] ofdteth= AH(AA; 59 nds A=)9F H.
pylori 7l & G444 frieo] o3k ATFEA Aeirt F=
o E7IM|EA EE O] H pylori SA0] fre]et W&
Z#feitts BaY 58 v|3o] B uf, H. pylor o] 2]
ot fIto® MAE= HlEo] 1% o W& FARE A7)
ok gl f1%e] ‘:‘a“é‘ﬂ% Zd-5-oll= H. pyloriol °Jet <
§ Fa8stthe A G 5 8

AE0 7 H pylori7} class I carcinogen®|”7] tj& ] S

pylorigto] 43

(o]

The Korean Journal of Gastroenterology



Lee HJ, et al. Smad7 in Helicobacter pylori-associated Gastric Damages 193

S oAl YoiM= Altol YAl oA 9 X8 W
Qto] H 4= gloy, dFAd sl Aet o] Smad7 an-
tisense oligonucleotide”} 43 X SA|Z JAAE <l
Aol v]Fo] & o TGF-B Ao x4
Smad7& Aod 4 Sl FE9| T
A&

Qf 7
Aoe Alg = e

Az gt

Z ol
H. pylorio] 9]t
& Ao Z AA]

2 o

5ol slel GRSl

QAR 283k Smad79] TS PO}EJR} =y
CHAF 3 HieH: AL Q-9 M2 RGM19A] Smad7e T
d EE= ES A A A H pyloris FEAI &
MZEAFE QIAFe] Hinte}l 5 delAte] HES Al
A o FAsHltt

Ak o N0l A Smad79] HEA-L H. pylori 4
of o3t NZAMEE S7FAIFLE Al €3k COX-2, iNOS,
TNF-o 59 9= SuFolz}o] vl w3} o A|FEZo] H|Y

n

3

[0

(o}

~

A=)

ik

rﬂt o2

Az A F7FstA L
Aol ¥H-LS Smad7 HE A
AE: PAHLIA- el AT o] % =

o] H. pylori 7rdell o3t A4 9l 919 AAE 93t A=

& AREAoR ANY 4 5lg Ao *@A‘EJE}.
x 94

E =
1o
ot
ﬂ§‘~
P
i o
32,
T

: Helicobacter pylori; &

REFERENCES

1. Im YH, Kim HT, Kim lY, et al. Heterozygous mice for the trans-
forming growth factor-beta type Il receptor gene have increased
susceptibility to hepatocellular carcinogenesis. Cancer Res
2001,61:6665-6668.

2. Hahm KB, Cho K, Lee C, et al. Repression of the gene encoding
the TGF-beta type Il receptor is a major target of the EWS-FLI1
oncoprotein. Nat Genet 1999;23:222-227.

3. Hahm KB, Lee KM, Kim YB, et al. Conditional loss of TGF-beta sig-
nalling leads to increased susceptibility to gastrointestinal carci-
nogenesis in mice. Aliment Pharmacol Ther 2002;16 Suppl
2:115-127.

4. Hahm KB, Im YH, Parks TW, et al. Loss of transforming growth fac-
tor beta signalling in the intestine contributes to tissue injury in
inflammatory bowel disease. Gut 2001;49:190-198.

5. Hahm KB, Im YH, Lee C, et al. Loss of TGF-beta signaling contrib-
utes to autoimmune pancreatitis. J Clin Invest 2000;105:1057-
1065.

6. Camilo V, Barros R, Sousa S, et al. Helicobacter pylori and the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

BMP pathway regulate CDX2 and SOX2 expression in gastric
cells. Carcinogenesis 2012;33:1985-1992.

. Shiotani A, Kamada T, Yamanaka Y, et al. Sonic hedgehog and

CDX2 expression in the stomach. J Gastroenterol Hepatol
2008;23 Suppl 2:5161-S166.

. Lee KM, Lee JS, Jung HS, Park DK, Park HS, Hahm KB. Late re-

activation of sonic hedgehog by Helicobacter pylori results in
population of gastric epithelial cells that are resistant to apopto-
sis: implication for gastric carcinogenesis. Cancer Lett 2010;
287:44-53.

. Barros R, Pereira B, Duluc |, et al. Key elements of the BMP/

SMAD pathway co-localize with CDX2 in intestinal metaplasia
and regulate CDX2 expression in human gastric cell lines. J
Pathol 2008;215:411-420.

Nguyen TT, Kim SJ, Park JM, Hahm KB, Lee HJ. Repressed TGF-3
signaling through CagA-Smad3 interaction as pathogenic mech-
anisms of Helicobacter pylori-associated gastritis. J Clin
Biochem Nutr 2015;57:113-120.

Pickup M, Novitskiy S, Moses HL. The roles of TGFf3 in the tumour
microenvironment. Nat Rev Cancer 2013;13:788-799.
Wakefield LM, Hill CS. Beyond TGF: roles of other TGFf super-
family members in cancer. Nat Rev Cancer 2013;13:328-341.
Akhurst RJ, Hata A. Targeting the TGFp signalling pathway in
disease. Nat Rev Drug Discov 2012;11:790-811.

Ikushima H, Miyazono K. TGFbeta signalling: a complex web in
cancer progression. Nat Rev Cancer 2010;10:415-424.

Park S, Kim WS, Choi UJ, et al. Amelioration of oxidative stress
with ensuing inflammation contributes to chemoprevention of
H. pylori-associated gastric carcinogenesis. Antioxid Redox
Signal 2004;6:549-560.

Han SU, Kim YB, Joo HJ, et al. Helicobacter pylori infection pro-
motes gastric carcinogenesis in a mice model. J Gastroenterol
Hepatol 2002;17:253-261.

Schmierer B, Hill CS. TGFbeta-SMAD signal transduction: molec-
ular specificity and functional flexibility. Nat Rev Mol Cell Biol
2007;8:970-982.

Yingling JM, Blanchard KL, Sawyer JS. Development of TGF-beta
signalling inhibitors for cancer therapy. Nat Rev Drug Discov
2004;3:1011-1022.

Siegel PM, Massagué J. Cytostatic and apoptotic actions of
TGF-beta in homeostasis and cancer. Nat Rev Cancer 2003;3:
807-821.

Hong S, Lim S, Li AG, et al. Smad7 binds to the adaptors TAB2
and TAB3 to block recruitment of the kinase TAK1 to the adaptor
TRAF2. Nat Immunol 2007;8:504-513.

Yan X, Chen YG. Smad7: not only a regulator, but also a cross-talk
mediator of TGF-§ signalling. Biochem J 2011;434:1-10.
Akazawa Y, Isomoto H, Matsushima K, et al. Endoplasmic retic-
ulum stress contributes to Helicobacter pylori VacA-induced
apoptosis. PLoS One 2013;8:€82322.

Monteleone G, Neurath MF, Ardizzone S, et al. Mongersen, an or-
al SMAD7 antisense oligonucleotide, and Crohn's disease. N
Engl J Med 2015;372:1104-1113.

Monteleone G, Di Sabatino A, Ardizzone S, et al. Impact of patient
characteristics on the clinical efficacy of mongersen
(GED-0301), an oral Smad7 antisense oligonucleotide, in active

Vol. 68 No. 4, October 2016



194 Ol=X S.

25.

26.

27.

28.

29.

30.

31.

32.

33.

d2| 79 mtd=e| YAl Smad72l ofe

Crohn's disease. Aliment Pharmacol Ther 2016;43:717-724.
Ardizzone S, Bevivino G, Monteleone G. Mongersen, an oral
Smad7 antisense oligonucleotide, in patients with active
Crohn's disease. Therap Adv Gastroenterol 2016;9:527-532.
Monteleone G, Del Vecchio Blanco G, Palmieri G, et al. Induction
and regulation of Smad7 in the gastric mucosa of patients with
Helicobacter pylori infection. Gastroenterology 2004;126:674-
682.

Monteleone G, Kumberova A, Croft NM, McKenzie C, Steer HW,
MacDonald TT. Blocking Smad7 restores TGF-betal signaling in
chronic inflammatory bowel disease. J Clin Invest 2001;108:
601-609.

Monteleone G, Mann J, Monteleone |, et al. A failure of trans-
forming growth factor-betal negative regulation maintains sus-
tained NF-kappaB activation in gut inflammation. J Biol Chem
2004;279:3925-3932.

Monteleone G, Pallone F, MacDonald TT. Smad7 in TGF-be-
ta-mediated negative regulation of gut inflammation. Trends
Immunol 2004;25:513-517.

Monteleone G, Boirivant M, Pallone F, MacDonald TT. TGF-betal
and Smad7 in the regulation of IBD. Mucosal Immunol 2008;1
Suppl 1:S50-S53.

Monteleone G, Caruso R, Pallone F. Role of Smad7 in in-
flammatory bowel diseases. World J Gastroenterol 2012;18:
5664-5668.

Wang W, Huang XR, Li AG, et al. Signaling mechanism of TGF-be-
tal in prevention of renal inflammation: role of Smad7. J Am Soc
Nephrol 2005;16:1371-1383.

Boirivant M, Pallone F, Di Giacinto C, et al. Inhibition of Smad7

34.

35.

36.

37.

38.

39.

40.

with a specific antisense oligonucleotide facilitates TGF-be-
tal-mediated suppression of colitis. Gastroenterology 2006;
131:1786-1798.

Han G, Bian L, Li F, et al. Preventive and therapeutic effects of
Smad7 on radiation-induced oral mucositis. Nat Med 2013;19:
421-428.

Yuasa Y. Control of gut differentiation and intestinal-type gastric
carcinogenesis. Nat Rev Cancer 2003;3:592-600.

Beswick EJ, Pinchuk IV, Earley RB, Schmitt DA, Reyes VE. Role of
gastric epithelial cell-derived transforming growth factor beta in
reduced CD4+ T cell proliferation and development of regulatory
T cells during Helicobacter pylori infection. Infect Immun
2011;79:2737-2745.

Yang YJ, Chuang CC, Yang HB, Lu CC, Sheu BS. Lactobacillus acid-
ophilus ameliorates H. pylori-induced gastric inflammation by in-
activating the Smad7 and NFkB pathways. BMC Microbiol
2012;12:38.

Datta De D, Bhattacharjya S, Maitra M, et al. IL1B induced Smad
7 negatively regulates gastrin expression. PLoS One 2011;
6:€14775.

JoY, Han SU, Kim YJ, et al. Suppressed gastric mucosal TGF-be-
tal increases susceptibility to H. pylori-induced gastric in-
flammation and ulceration: a stupid host defense response. Gut
Liver 2010;4:43-53.

Tsugawa H, Suzuki H, Saya H, et al. Reactive oxygen species-in-
duced autophagic degradation of Helicobacter pylori CagA is
specifically suppressed in cancer stem-like cells. Cell Host
Microbe 2012;12:764-777.

The Korean Journal of Gastroenterology



