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Helicobacter pylori ZtY8 QUAHIIMIZ0IA] MicroRNA 01 EH3}

MicroRNA Profile in the Helicobacter pylori-infected Gastric Epithelial Cells

Chang Whan Kim1, Sung Soo Kimz, Tae Ho Kim1, Woo Chul Chungs, Jae Kwang Kim'

Departments of Internal Medicine, 'Bucheon St. Mary's Hospital, “Usjeongbu St. Mary's Hospital, “St. Vincent's Hospital,
The Catholic University of Korea, Korea

Background: The expression of miRNAs in response to Helicobacter pylori infection has not been well explored. The
aims of this study were to evaluate the H. pylori associated miRNAs in the gastric epithelial cells.

Methods: We investigated gastric epithelial cell-line (HS3C) exposed H. pylori over 3 months and AGS cell-line (AGS)
exposed H. pylori for 6 hour. After the extraction of miRNA from these cell-lines, microarray and real time PCR were
performed to confirm the alteration of expression.

Results: All 12 miRNAs chosen for real-time PCR are based on the result of microarray and their potential functions
related to H. pylori infection. miR-21, miR-221, miR-222 were upregulated in the H. pylori infected AGS cell for 6 hours
and HS3C cells. miR-99b, miR-200b, miR-203b and miR-373 were downregulated in the H. pylori infected AGS cell for
6 hours and HS3C cells. miR-23a, miR-23b, miR-125b, miR-141 and miR-155 were upregulated in HS3C cell line but not
in H. pylori infected AGS cell for 6 hours.

Conclusion: miR-21, miR-99b, miR-125b, miR-200b, miR-203b, miR-221, miR-222, and miR-373 are supposed to be
related with oncogenesis of H. pylori infection. Further studies are needed for the evaluation of the function of these
confirmed miRNAs.
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o miRNA 448 712 g, ol 2o A ojzla
miRNA 2gle] ¥sks of Wl el gtk Zolrt!
t1go] 22 soh, S, RRAEE, BAY BRAEY,
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otk C¥ 7+ wto|2| A9} primate foamy virus type 1 (PFV-
1) ZgolA mRNAE A7} tE0iA]7] A &A| &) 27]
1A Wl 2Bl sEshe ke sk Ho] B
t}.'>P olol= W= & Kaposi's sarcoma-associated herpes virus,
Epstein-Barr virus, SV-40 virus 50| A= Hlo]Z A7) Q1A
T Al 222 vio]E A {29 mRNAS THEo] 5412
Y2 WA volziae] AYL Solah ok BaE
QTR = WAz} QAo LT W) A7) oA 2t
AlZ W o8& 245171 18l 217H] mRNA /g HSHA]
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WA ze] A7o] ol gH T Yok T w E o2 FETe
2 AR B8t H pylors ZHEAIZL AGS A|ZFE ©]8513
I, RFOE AGS 917t 9AFT M| E3(CRL-1739; American
Type Culture Collection, Manassas, VA)S A3}
AGS 17F )| Al 2329k HS3C A|ZFE 75-om’ tissue
culture flask (BD Biosciences, San Jose, CA)ol| X &AJA| $lo]
10% fetal bovine serum (Gibco BRL, Rockville, ME)©o] 3£3}+
=] Ham’s F-12 mediumo)| A 37C =2 5% CO, =25

A8k,

2. H. pylori o3 % H{¥F =AH

H. pylori strain60190 (ATCC49503)-& 3-8 % (coculture)
Aol AHgsth #55 37T &2 5% CO, &9
ZZA A 5% sheep blood7} 3§ trypticase soy agar (BD
Biosciences) | Al A5t SHlS Aol +FE 48413
Zot AufeFste] McFarland standard®] &34 = v|nE
£ ARG sHalo] FES AT BE 79 AR
A H pylori A7 SRS 200:19) Hl&2 s
Kk

3. miRNA Microarray

AGS MIT3, 6X17F B2F H. pylor= 7H9N17] AGS A%
2, 7127 HSIC MlEFE Z7ke] fmFese 17 RNA
£ FE3) A7A| 70°ce] RSk 22k SEANES
ol 4] TRIzol (Invitrogen, Paisley, UK)-& o]-&3}o] 24 RNA
2 22o9T, A4 RNA 22398 033} 2ok 2tz
N|EFE Trizol ¥+ 1 mL& H7}8F3L homogenizer&
o]-835te] Baffs}al, 200 ule] chloroform 731 14,000
pmo 2 PR SHAch AEo] S| isopropannol
Alo] Aol A 1027 BhSAIZ]13L LAl 14,000 rpme 2 9
Arelstol A RNAZ RN %, 75% edhanol2 A 25t
o A RNAS #s13ith. &3 24| RNA= NanoDrop
spectrophotometer (Nano Drop, Wilmington, DE)Z OD260/
280 S5t 1 Hl&o] 1.8 ol 2= microarray A9
o G483 & =2 AA RNAZ A5 ©] & Purelink
miRNA Isolation Kit (Invitrogen)& ©]-8-3}¢] A|2AF] 2|3
of met HA RNAZRE mRNAS F&313%3, 28
miRNA®| &=+ Agilent Bioanalyzer 2100 (Agilent, Waldb-
ronn, Germany)& ©]83}o AASIATH

A7k Xl 25099 719 QIZF miRNAE H&317]
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23} mirVana miRNA Probe Set (Applied Biosystems,
Foster City, CA)2] DNA oligonucleotide probesE ©]-&-3}]
A28t Custom Microarray (Digital Genomics, Seoul, Korea)
£ ol85}5ith. ol) A probeiz miRNA registry (Grifi-
ths-Jones 2004)0]) SAE Z7ke] mRNAS] 27|42 o]
stol Aztsieih. ule) s Helstel )T miRNALS
mirVana miRNA Labeling Kit (Applied Biosystems)E ©]-8-3}
of AlzAR] Aol met Cy3ek CySE ol 242 AGS
Nz52+ H pylori ZFAA| 25 FEX|(labelling)3}% L,
miRNA Hybridization Buffer (Applied Biosystems)E& &3 %
A1E miRNAo] M7}t 7 387 95 C= 7hgdsta 4o &
7HIE el 42CE 12-16A17F F<F hybridizationS AJ3§s}
At ALt AZ Z GenePix 4000B array scanner (Axon in-
struments, Union City, CA)& ©]8-3}¢ scan imageE Qo]
GenePix software (Axon) 2 FAS 24514 ch

4, Real-time PCR

FAAEF 50 mgo] Trizol ¥EE-N(Invitrogen) S E3 A
A RNAE $Z3t 5 Bioanalyzer 2,100 (Agilent) S 0]-83}¢
RNAS] S 24 33k miRNA cDNA+= TagVan miRNA
Reverse Transcription Kit (Applied Biosystems)& AR2-5}¢
242t0) 227 A7) RNAS o 8Apsto] Raelion, 2
A8 o2k Zh 100 mM dNTPs 0.15 pl, multi reverse
transcriptase 1 uL (50 U/uL), 10X buffer 1.5 pl, RNase inhi-
bitor 0.19 pL, nuclase-free water 4.16 pLE 4] ©] A master
mixE A28}, ©] master mix 7 uLe]l primer 3 pl, 24|
RNA 5 uLE H7Iste] A3 527 WAst & 3, 16T
A 304, 42°CollA 3027 cDNAS gt H 85CollA

27+ ¥hg-5to] cDNAS Hdshsich

miRNA microarray A3} t)Ztof ¥|3] H. pylori F
QPFalM|ZFAA 2T AGS T A|ES0| Hls] Bt
A=} oF 2.74(log ratio 1) ol $7F = HAE Hol=
A} 9o HE A7 B 374 SRS AEstel
% 127)19] miRNAS JAFC 2 real-time PCRE A]3)35}5ich
Z}Z}8| wk-g-ofl A&t primer= Table 1] Wb it

Real-time PCR-2 ABI 7900 (Applied Biosystems)2- ©]-83
Fom, WAdHEF(internal standard) 2= housekeeping
gene 2] hsa-miR-165 AMg-51gich ¥H-g9S 2X TagMan
Universal Master Mix 10 pL, TagMan probe 1 pL, cDNA
Lul, 75 8 uLE 718t F 20 uL= 9h50] 95°Cof|Al
10E7F AWM -3 3, 95CollA 15%, 60TANA 18

Table 1. Primer squences used in real-time PCR

Gene name Primer sequences (5'—3')
hsa-miR-125b UCCCUGAGACCCUUUAACCUGUG
hsa-miR-155 UUAAUGCUAAUCGUGAUAGGGGU
hsa-miR-21 UAGCUUAUCAGACUGAUGUUGA
hsa-miR-23a AUCACAUUGCCAGGGAUUUCC
hsa-miR-23b AUCACAUUGCCAGGGAUUACC
hsa-miR-99b CACCCGUAGAACCGACCUUGCG
hsa-miR-141 UAACACUGUCUGGUAAAGAUGG
hsa-miR-200b UAAUACUGCCUGGUAAUGAUGA
hsa-miR-203 GUGAAAUGUUUAGGACCACUAG
hsa-miR-221 AGCUACAUUGUCUGCUGGGUUUC
hsa-miR-222 AGCUACAUCUGGCUACUGGGU
hsa-miR-373 GAAGUGCUUCGAUUUUGGGGUGU
has-miR-16" UAGCAGCACGUAAAUAUUGGCG

.
endogenous control.

e Z(cycle)2 403] ¥Hg-A|A PCRE Alstth
Ay} B8 SDS (Sequence detection system, Applied
Biosystems)& ©]-8-3t¢] 2t A=A 9| Ceghg FoH3th
TS 2t A=2E DAE 34351e] 2 mRNAY] &40
< AL olE 7SS R st H pylon E fV3TIA
23 A=Y A AEES 33 v S5k

2 1

1. miRNA Microarray 21}

HS3C $daM 2ot H pylorg 6 A7 ZHAAIZ] AGS
g2 A 2Tl AGS PFTIA|ZSof| Hls) Bt
A&7} 2.74(log ratio 1.0) ol $7F Tz HE7F A=
FARE Astgieh tzwtoll vIsh H pylon 9 914
AlZFol| A 7] WEE mRNAE 187]gem, WA dag
miRNAE= 397§ chFig. 1, Table 2). o] 5 & T2 Ao
A 1 7)50] gHEA] I 9 97 (miR-21, miR-23a, miR-23b,
miR-155, miR-141, miR-99b, miR-200b, miR-203, miR-373)
o] miRNAE A&, of7]e) 2 A7 st 3719
miRNA (miR-125b, miR-221, miR-222)& F7}3}o HF=
12709 miRNAE A3}

2. Real-time PCR &1}

Microarray 23} AHE 12712] miRNA<] ofjgt 9h& FAF
< HS3C QM ZZRe} H pylors 6X7F ZFAAZ 94
TAEFA ER1317] ol tlRT AGS AT A ZF0
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A] housekeeping gene 21 has-miR-163} 1271 2] miRNA2] 9] & 2418 X319 hasmiR-162 7+ §-AA}9] 7]1&0
cDNAE Z+7} 1, 0.5, 0.25, 0.125, 0.06258| 2 &2}& o2 2 3o} AFstE o], AGS ZollA2] ZF mRNAE 7|12
slaste] BCRS Al ¥ 2219) B2 20 A4aidch Ao At 59e sHelch Microarray £40]4

H. pylori 349§V A EF04 miRNAS] S5 212}

Fig. 1. Images displaying miRNA microarray of the A pylors infe-
cted AGS cells. When the H. pylori infected AGS cells and non-
infected AGS cells are labeled with Cy5-dUTP and Cy3-dUTP,
respectively, the upregulated genes in the H. pylors infected AGS
cells are seen as red fluorescence (Cy-5) and downregulated genes
as green fluorescence (Cy-3). Cy5-dUTP, Cyanie 5 deoxyuridine-
triphosphate; Cy3-dUTP, Cyanie 3 deoxyuridine-triphosphate.
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Fig. 2. Relative fold increase of miRNA expressions of miR-21,
miR-221 and miR-222 in H. pylori infected gastric epithelial cell
lines compared to the non-infected AGS cell line. Relative expre-
ssion level of miRNA was determined by TagMan real-time PCR,
and all data were normalized by housekeeping gene (has-miR-16).
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29H miR-21, miR-221, miR-222L real-
time PCRONA H. pylori 4 SVEA|EZToA R 5715
o] QJQItHFig. 2). miR-99b, miR-200b, miR-203b, miR-373+=
microarray 40| A9} Z+o] real-time PCROX = H. pylori
% AR mRolA] 2aEo] YcHFig. 3). mR-
23a, miR-23b, miR-125b, miR-141, miR-155+= H. pyloril|
6AIZE B¢ AHE AGS S AI TN HaE o,
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Fig. 3. Decreased expressions of miR-99b, miR-200b, miR-203
and miR-373 in H pylori infected gastric epithelial cell lines com-
pared to non-infected AGS cell line. Relative expression level
of miRNA was determined by TagMan real-time PCR, and all
data were normalized by housekeeping gene (has-miR-16).
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Fig. 4. Overexpressions of miR-23a, miR-23b, miR-125b, miR-
141 and miR-155 in HS3C cell line but not in A, pylori infected
AGS cell lines for 6 hours. Relative expression level of miRINA
was determined by TagMan real-time PCR, and all data were nor-
malized by housekeeping gene (has-miR-16).
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Table 2. Microarray analysis of microRNA expression in the H. pylori infected gastric epithelial cells

Up regulated

Down regulated

Gene name cyS/cy3 log ratio Gene name cyS/cy3 log ratio
has-miR-197 2.787432465 hsa-miR-17-5p -1.510457064
has-miR-296 2416569549 hsa-miR-324-5p -1.531156057
has-miR-485-5p 1.988412026 hsa-miR-103 -1.564904848
has-miR-27a 1.974162168 hsa-miR-373" -1.582079992
has-miR-122a 1.799087306 hsa-miR-141" -1.621488377
hsa-miR-155" 1.676267408 hsa-miR-106a -1.657445255
has-miR-220 1.640158155 hsa-miR-18a -1.703689439
has-miR-198 1.576280258 hsa-miR-30c -1.722610301
has-miR-26b 1.421694581 hsa-miR-26a -1.74178261
has-let-7i 1.349365278 hsa-miR-20a -1.746615764
has-miR-432 1.274410769 hsa-miR-339 -1.780908942
has-miR-518d 1.250961574 hsa-miR-30d -1.805912948
has-miR-513 1.227124934 hsa-miR-99b’ -1.878321443
has-let-7 g 1.149259365 hsa-miR-193b -1.894321922
has-miR-202-AS 1.057970069 hsa-miR-21* -1.954557029
has-miR-153 1.047538389 hsa-miR-185 -2.120294234
has-miR-484 1.046141782 hsa-miR-200a -2.210896782
has-miR-449 1.007913082 hsa-miR-372 -2.244685096
hsa-miR-125b" 0.439357178 hsa-miR-125a -2.244685096

hsa-miR-200b" -2.388355457
hsa-miR-22 -2.418889825
hsa-miR-371 -2.573466862
hsa-miR-29a -2.785875195
hsa-miR-203" -2.816037165
hsa-miR-27b -3.046921047
hsa-miR-23a’ -3.095419565
hsa-miR-23b’ -3.412731032
hsa-miR-222" -0.418889825
hsa-miR-221" -0.123433941

“selected 12 miRNAs for real-time PCR.

HS3Cofl XM= S71=1 H. pylori Ao A< It
4= ek 2=, olFel miR-125bi= HS3Co|A o]
H3l 1.78+0.05812 A S = UckFig. 4).

S}
=

o &

miRNAE= 21-23719] 72 LE =R o]foj7l =3] i
S AAKSER] ¢h= noncoding RNAR #2324 mRNA
£ EalstAY HES JAIste] dulde] dES 24
ok YRRt Hajol oJh QzkFAAL] oF 30067}
miRNA9| F2jo] & Aoz FAE =), o] A2 3] B
AR o] mRNAS o3 28 W=tt= ZE 9n]
kY AR7tA] drAE ] 25 (hitp://www.microrna.
org) Q17+ miRNA&= 6777]01u+ AFE S ©]83 F7] A8
A0 ofshA oF 20079 RS B2 02 Sh= oF 1,000

N =2 miRNAZL 2 Aoz FAskal Qo
miRNAS] 42 DNAZEE RNA 538 4 (polymerase)
1o oJa HAkE Zoj7} 1kb of Bl 21 YAPAAAQL pri-
miRNA (primary RNA)2 28 A|Z= k™ o] pri-miRNA
= 3 ol RNase Il 421 Droshao]] &Jaf ¢F 70 72| <
E|lE 327]9] stem-loop F+Z & 7}4 pre-miRNA (precursor
miRNA)7} €k o] #Hgo] Droshatz 0|3 Uh4l RNA]
E= ThlA Q] Pasha == DGCRS (DiGeorge syndrome criti-
cal region gene 8)1}¢] A3 zH-g-0 2 Zalok & RNA g7]
A Ao HAE FestA FtobA Atste] premiRNAS T
Ech o8] w5 el pre-miRNAE Ran-GTP &4
$$A1< Exportin 5ol 34 AZAR o E31A 2,7
Dicer2}= RNase [l &4x0f] QA sfojs #2271 FajAd
A miRNA: miRNA duplex (20-25 bp)g}= ©]% 1}4 RNA
(dsRNA) 7} 7H5- 0] 2t} Dicer= dsRNA-binding domain
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¢] TRBP (TAR RNA-binding protein)i+ PACT (PKR activa-
tor) 2} FUAE FAske] dsRNAS} Zglste] F= 79f &
7F RNA=Z Z3fjgtth. o] F 3hte] 2F mRNAS s}
o argonaute THH A2 Z3HeH Tl At A3FA]A RISC
(RNA-induced silencing complex)2t1l E8+= E3AE &
At o]gA| gHEo)7] RISC W] 2% miRNA (mature
miRNA)= oF 227 W &]9] w2 LB =2 o|FoA Qlil,
oz AP BrINBE 71 A nRNAS] 3]
o g d(untranslated region, 3'UTR)e|| Zg3tch oA
miRNA-RISC E3HA|2} A3H mRNAE £3)(degradation)
HAY 1A % A o] 9)A|(translational repression)
o} 20

miRNAE= A|29] 53} 204 Hgg ohn | ¥h-g-2
ZHNE F8% 4TL e Ao & A Yo
miRNAE HAZN M= T3] S7FUA, Has) $lof
FTERFAA B TFAAIA 982 st A= dHA
Tk 3 QIA) 7HEA] mRNAE A7} gHEo]%]7] Ao
27] QA A AL"o] sigthe Hee dtod Hiol2]i9]
AYo iy AAS BIFAL™Y ulolgart A 24
Al 222 HiolE A fafi o] mRNAS THEo] s &olst
A 7= Sk wEk H pylon ZHFEA] SFAIE Yol A
= miRNAL g2 HstE fEslo] Ty 932 A5,
srokalgol Thepet ghe B Ao sk 9tk

a3y AAZR H pylor 793 T3 miRNAoj ojgt
AL o}4] ulu|sle] miR217 miR-155¢] thgt 27]] A+
7F Harso] 9l otk Zhang 52 g 25 miR-21
< H pylori Z¥d V3TN ZFA S71E 0 AL, SE
A7 A}F2el RECK (reversion-inducing cysteine-rich protein
with Kazal motifs)S A5t 99| Tetapof Hojdict
1 3R E3F Xiao 5] d7o)| ol miR-155% H pylori
oMM F7H=o] Sz, ol interleukin-8 (IL-8)2} growth-
related oncogen-a (GRO-0) 52 Z4A1AH G292 oA
3He g trta dek” 2 o)A miR-212 HS3C
AEF N 2718 o, H priordl 6X7F 59t 744
X171 AGS SPFSIAEZAAL Wak7 91913, miR-155%
HS3C AIZZAAE 2748 A9owh, H pylorio] 6413F
U AAAT AGS HlZFof| M= s Uik oA
611709 M mA FeA|ZE Bk H. pylori FEORE o]
= miRNAZF $-53] S s o, 3709 o4 H. priori
A7) HSIC MEZAY 385 70 A5 H pylor]
ZEE oo HAH7] fro2 FHIUT
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2|2 S 2% 2E FUollA miR-2213} miR-2227}
AR A (cluster) =2 A 285t A|lZF719] 3
Apsh= pS7olut p27kiplS A|Ste] e SA3 Ho]
£ Fagthe Zlo] WEAL” £ 7oA % miR-2213}
miR-2227}v H. pylori ¥ 1892 A= S7H= o
o] miR-221/222 7747+ H3Al= H. pylorid] HH o258
B A9 g7 #oqg Aow FHIAh

Huang 5-9] 7] &J8}H miR-373-2 Aol {4 A=
oA F7HE =T, ol Al 7t F3H $8% J8s
sto] FF| HolE WAIsh= FhEel CDHUE HAA
Fo) Agat dolg Fushet] Toltrha Fet” Yang
oo AHAY Azt E2 AAT dol7t gle M-
Hollie 238 gl e Aol WATL miR-373&
ATl Tt F - HSHtransfection) AR = o CD44
£ HAaAA A-AYY A& dolg fddithar Rast
ok & TN mR373E H. pylor 7E STAIEF
oA ZaEe] e AL ESA=T, AUy WA 1A
=5) &3} Holo] TeIs}o] mR3730] ofE e sl
Ao gt & A7 oy Aoz AAJ

miR-200b& 33t miR-200 family (miR-200a, miR-200b,
miR-200c, miR-141, miR-429)+= transforming growth factor
(TGF)-Bell 8l =)= Au-57tg Al o] 3 (epithelial-
mesen chymal transition, EMT)& Z4A|7]|= 982 313
Rem, o]Z3t miRNAT Y| Fart oA =
%2 Aol F8% 9T w1 H pylori= A -
S Alzzo| ol Aot FARRE Ao Aol ¥MskE fdgt
o &, CagA7t SPAIE W= H pylore] 23 FA=H
A2 Hlzol A7 AZo] B EHL, HF-7]
A ]&X. = A(apical-basolateral polarity)o] 7o R]= 52
Fej7} wsteled, oS Am - B7h Aol BT f4}
sl B 7o) Av} 1Y H. pylor 7R SV O
A miR-200b2] ZHa7} o]} o] Q& 7HsAdol Sith

miR-2032 7443} 7 S W@ oA miR-203 +3
Zko] wlEstz Qs miR-2039] o) A= U TFF
AAAE0] A3} Hof m ol Tofgittar &=A 3
o> H. pylori ZXEA A3 A Wl BEEm
Fstago] dEg st AL B YA Aok’ agne
B A3 Aat 7h4% miR-203% o]et ARl vdsie|
ot Fam FAHY 4 Stk

miR-99b= Ag et AYFolA s oiflaL, thad
E75oMe B0l S7HEC] Ytk= Havt )lon, oFF
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