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Helicobacter pylori (H. pylor)E. Q1% wb X &A 99
o3=2 9 Aoto]i} mucosa-associated lymphoid tissue (MALT)
AzE e sigel WA Al o e b
AL o] Yubd ez iRl Aoy, (1,2) A7]7ke] H.
pylorioll SJ3) 25 12 Tl o GA & Fukeln
& FF AT Ee] ATl Freldh A4 vlAl 27 (procan-
cer microenvironment)S ZAAsl=A o] tigt A Ay
A ol A FRHA Fekn ek H pylori 2ol
ot Slgh el i3k A 7hedt VI e E D) B 4
oxidative stress®] -3l 2 ol3t ok Eoluio] 1 (34) 2)
A WA £R3F AEAGAL] AAL5,6) 3) AE olF
ol Dot 974 ATt v Hell st A4 QA
A(7.8) 4) 73 5 GPPYA FELEO-12) Fol T
gEle Aog Huggich

BHF HAEL2 H. pylorish A3 4
#H Qe £F9 gk AE A 8E F H. pylorioll 9
FEd EuFA AAAAEN sl 9 Aol B A
o ZAHslA fEHE Zol 7tA F28 Aojetx Hire}
¢3t}.(9-12) Kitadai S-(11)3} Cox 5(12) ¢-DNA microarray
B4 g Xl 71ES ol-3sto] H pylori ZH5io] IL-8,
vascular endothelial growth factor (VEGF), angiogenin, uroki-

Zol} wer el

nase-type plasminogen activator (uPA), “L2]:Z metallopro-
tease-9%} -2 of2] 71X BRAPAJIAES DL a4
& fFEddE AS WA, Stowski S(IDE A
pyloriZ} MAP kinase Al 342 725 £33l 52 VEGF
FAA LEE 2T Hasiit o]Ed 7€ o
T-E H pylorizh $19+] AT Aol Fa3dt &g ¢}
= 539 e Y 7 ASE AlAg a3y
OVAA] H. pylori®} ¢ @RPA FEAES A8 &
Hog AL AFE AZHAY LEFA ekt

#| 1014 7} proton pump inhibitor (PPN} 5 7}A) &) &4
AFEE clarithromycind} amoxicillin} & &7 B L3l 4LA)|
QWo| H pylori WrE X 52| FFo| Hth.(13,14) Gastric
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proton pump inhibitor:= 2-pyridyl methyl/sulfinyle] X]3}= wl
A u|thE - EA( asubstituted 2-pyridyl methyl/sulfinyl benzi-
midazole derivative)gl ZAFekE7 A5 7] YfAi= &
A 3173 of| A okA] 2} EL 7} (protonation) & H @ & &}, AFAY 9]
Al ol Aeid oz FH55, RAE) LHean-
aliculi of parietal cells)oll &3l H'/K™-ATPase a- subu-
nit®} cysteine residue®} L5+ Agsto] Ak HulE A
2} (13,14) SjHAE ) HK -ATPases= W72 K' & Al
£ H's} maelol 912 A48E QAR o2 B
£ B4o|vh(15) PPIZ 4t #ul & AAllehe A2 9 WAt
o) pHE 014 H. pylori uhdstizd] 705 Hek. 4
As] ZolAl 4 uiZde] pHE U3l Al 3t H. pylori
o] Aol 7k HlE, ol FAAle A A
7 4 pHoll wlg 21ETol7] wFolch(16-19)

a8V AR5 PPI7} MAP kinase &4 3} $-2)%}7)
Aoz Aot AZNAT ATAUAE Aajdow §
ok A2 WA sk v 91, (20) H3E Stro-
wski Z(11)0] H. pylori7} MAP kinase 7] 25 %3l &3¢
VEGF §-47 Wl & A53tckan Baslglong, AxE
L H. pylori®] @R A §% 714 o}A PPI7} MAP kinase
AAE Fohod 1A A& (anti-angiogenic action)& L
ehd Zlolgte 7S Al B dFdA ARES H
pylori 7+ed o] IL-8, hypoxia-inducible factor-1 alpha (HIF-1 ¢),
VEGF$ b2 dagAdass 298] f 2oz o A
299 AT HARAL oY 8
P4 5285 PPI7F MAP kinase 73 29| |45
Sefol ARSI
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Flrd 484191 599 £3HE $A9} H. pylori <k
o 954 Aol g B s5A 209
skxb, 1e)i H. pylori €4 22 t)H-E non-steroidal anti-
inflammatory drugs 2 Q13 $j9d £-& o} & ¢dolo g uhAlst
gaiol Y AFAY sadlel 189 AL ez
WAZBARCE Fashedeh. ol BAES H pylori 7Hd
o 47 272 HAE 94 3 Giemsa 914 % 2734
AL, A& QA4 Wb 7 Al(rapid urease test), 7L2|X 84
271 AAE 729 BAlA AWetel, BE A A3t
AL W H pylori A2 Aegln 47 ANE T
F N ol Bl e st AF H pylori FHoR
ERee A9 F wel welsAs) SYAon 24
7 Asle] modified Sydney classificationol] whe} $lod el A%
SFHete] AEE BN
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A9 & 9 AatellA RS =
) CD34* WIS AES] W2 8t o
Sk I 2R g Agelr) Slelo] 10% A5 F
2glo g wAsel 1, FuE AR gvel A7l
SHEA A, 5% 847} ArtE 100 mMe] Tris buffer (pH
7.6)0l stetHlo] AAH AHE Y3 850 W AR A el
A 592 BYov] 2 e 77 i 2 v ke
stgrh 1 & o] A3 58 Histostain-Plus kit (Zymed Labo-
ratories Inc. San Francisco, CA, USA)& o]-&3led Al=AL9)
A Aol wbel dAqstgict CD34 FH N E FEA) 2 ol
el 1%} &A= Novocastra Laboratories (clone QBEnd/10,
United Kingdom)oll A 43l gict. BHES slnpEAlgle
2 oju) g3, AZ Holzl A 3toll A 100uH-& Alof
2 CDM 4 Wke] A5F Aol B Fohol mean + SEMO.

FE A8l 201 9] H. pylori o¥A 31219} 18% 2] H. pylori
$4 A9 ARAES vl 2B,

e

Asiat GuS S8 9 BT HBUE FA}

3) M= Hjkn M 2F Y A

o1zt 9 Am] MEF AGS AEE humidified 5% CO;
279} wfjekrlo] A 10% FBSSF 100 units/mi #HjU A2 o] 3
7}¥ RPMI 1640 8] (Gibco BRI, Grand Island, New York,
USA)el] wjeFs]9lch. Human umbilical vein endothelial cells
(HUVEQ)& 31l 71<5 wieh Zro] Al g obs 7
MNELE Haste] 519 1,(22) HUVEC AlZE5L 20%
o}z EAI 90 pg/ml |3}l (Sigma Chemical Co, St
Louis, MO, USA), 123 50 pxgiml I A E AA=FQI A}
7F 3718 RPMI 1640 w21 & AH-§-3lo] Aetelo] 13l ufek
HANA = Het

CagA“[VacA'Ql H. pylori 55 TFF(ATCC 43504)%
American Type Culture Collection (ATCC, Manassas, VA,
USA)O A 519, W WA H pylori % F Bl
& PRI Y QA TRl ABE A vEAY 4
Hl(5% 0y 10% COnE ®WAYAF|E kampy pouch (Becton
Dickinson Microbiology Systems, Sparks, MD, USA) <lol|
I°CR 5UZ ANNA WE AUZLE F2AHh HE
& A&l H. pylorig PBSoll Al AHFFIAIA AsseollA 1.2
unitso] H Al 8}, o] Al FEE 5% 10° CFU/mlo)] 33
sh= Aoln], 5% 10° CFU/ml %5.2] AGS A L9} &7 ujok
3F3ich

Pantoprazole (PPZ) £M-2 Altana Pharma AG (Konstanz,
Germany)ol|4] Fs}ia. AjFEuljok A= PDI8059
(ERK 1/2 inhibitor, Cell Signaling Technology, Beverly, MA,
USA), SB203580 (p38 inhibitor, Cell Signaling Technology,
Beverly, MA, USA), PDTC (I-pyrrolidinecarbodithioic acid,
ammonium salt, NF- B inhibitor, Calbiochem. La Jolla, CA,
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USA), 7128]31 BAY11-7082 (NF- xB inhibitor, Calbiochem,
La Jolla, CA, USA)7} A-&= %

4) Western blot ZA}

PPZE A3t AL S AR DA 2EeYT 12%
SDS-PAGEAo|| 4] A 7|55 Al3lslg] ow], 18] 3 semi-
dry transfer system (Hoeffer Phamacia Biotech, San Francisco,
CA)& o]-&3lo] PVDF 2o & o]5A] 7} PVDF 7+ 5%
T8 Az 2 2elE 9l phospho-ERK, NF- xB p65,
@-tubulin (Santa Cruz Biotechnology, California, USA)<]] 8l &+
e EAPAL A7 FAAA,

5) HIHTAY HA

A A H 5] A2oll4 1% Triton X-100/ PBS £-oYoi]
1027 &3l =] glek AIEEL 5% BSAR 3087 Xjut=| gl
3 3-CD31 &A|(5% BSAol 1: 10022 34 Santa Cruz
Biotechnology, Santa Cruz, CA)& 2417 &<k &35 9]
=924 gu)F(confocal microscope, Olympus, BXS50F,
Tokyo, Japan) 2. & 7 As}7) 913 Cy3-4g o2 g7} 4
S5 dct.

6) ATAL-SEtE L A

olo

TRIzol A]2¥(Life technologies, Milan, Italy)2] 2238l A8
o2 AxFe AA RNAZL Aelse] Fe=9lx, A
RNA % 2 pg& M-MLV °3 A AL & 4-(Promega, Madison, WI,
USA)E ARAAE Yt S a odsiih-S-oll A& primer
+ Premix Ex Taq kit (Takara, Chiba, Japan)7} A}-8-%|9)ar
e 22 QUIAEE 232 Yelh HIF-1 ¢4 5°-CTC
AAA GTC GGA CAG CCT CA-3’'7} 5°-CCC CGC AGT
AGG TT CTG CT-3’0]¢l 11, VEGFE-2& 5°-TCG GGC CTC
CGA AAC CAT G-3'3% 5°-GGT TCC CGA AAC CCT GAG
G-3’0]9l o1, GAPDHEL 5-TTG TTG CCA TCA ATG
ACC CC-3’7} 5°-TGA CAA AGT GGT CGT TGA GG-3’0]¢}
t}. PCR ®E-2-& 94°Col|A] 187}, 18]3 55°C (HIF-1 o3}
GAPDH) £ 60°C (VEGF)o| A 187}, m18] 3 72°Coll 4] 1
24 28715 wHEQict PCR 4HE3 1% op/t2 o=
A A L5 ethidium bromide® o3 A% 9

7) in vitro HASM AE

24X 7F =9} H. pylori$} 37 & ©hEo 2 njokE 9
3] AGS A|E23E] 271348 WA & F3sle] 5000% g
ol 4 3057+ 914 Belsigith. A4S HUVEC Szhils)
AE A1 12 31 4290eh. 3149 WAE H pyloriS
AAsE7] Y8l 0.4 pm -4 2] HE]Millipore, Massachusetts,

MA, USA)E &3l H2|Z] $ofl HUVEC A|Z uljokel] A7}
Hglor ufz = 3Uutel 2gkslgich. 99 3ol HUVEC A
Ego| Alte FAste Aol Al o FEE e ¥
FNHAE FAAQ] CD319] WAYFAA AAS Tl
3P4 E FHEA
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1) H. pylori M1l 2M 2|
urso| xt0|

A9 3Ake 9 =48 WA HAAA HAZEAA 2
T3S 5L HEE 3 Al efste] 2234 AL A9t
ek 91939 A= A7 dAH Aol Gg& nd F 7]
w] 5ol A AL modified Sydney classification(21)el] whz}
led e A=t vl 23 208 9 H. pylori F43 913 845
18] H. pylori 54 194 $AE& AFH o2 Adslgl
t}h. H. pylori Z¥5doll v} 334 o] Xpol & H7tslr] 93
CD34 PIhNA AL FX Aol gt HoshA & o] &3l
o 22313 J A S AgPelodet. wod 22 31 o A
A H. pylori <4 190l A (Fig. 1A, a)2c} H. pylori %A
ol A (Fig. 1A, b) 9] A =h5o] CD34 oA ol f-93t
Al gol s = Ao & velyleh 72 TREZ A SLof 4
EUulE Alokoll A EE = 3] MFE Ao] B
Fig. 1Bell VebHet. H pylori 34 9130l A& 100u]& Al
ofol|A] i 7.24+0.8709] o] H whHd, H. pylori oF
A QA 409+ 447ke] Bate] BAH oA EA
Ao 2 fodt xo] & Rrh(P<0.01). L&laL H. pylori %
A AdellA 3 AREL2 H. pylori 34 199004 %
HE8BEHo o] TR A7 e] ok = FrFAIE A
2holl Al ksl A H ok Hubel o] 7Hd ol A
djo] 2313 o kol H pylori FA4 fdolvt 34
Aedol ] Bukshzel B NS HolE Mol bkt
o3t 4742 H. pyloriz} 743 H §] Anbol|A] whA = 3t
GAL H pylori 2¥13t A3 ok A AlAG

wpekA] AAE 43 /YA A4 QAR HIF-1a
of Mk ofl o7t A=A E 2A A (Fig. 2). 2T o2
= AHAIZ S ot glom H pylori 7o) gle 7164
adHEFo® A5k S SAERE AT o 23 $
A&313c} HIF-1 ¢ mRNAS] W1&l& HA skl A4 ¢ =
23 8] 2 WS ul, H. pylori &4 923 & 2}o| & HolA|
kot H pylori °¥4 f1edollA+= dZFEc} HIF-1¢
mRNAS] o] fAsA FrlElglomn, ol Aae
HIF-1 7} H. pylori®] E3A F 248 9oz 3F
ofgtch= Zl& viepdch

2) PPIOY| 2|8t H. pylori &AM SHES MO AR
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Fig. 1. Immunohistochemical staining of CD34 endothelial cell
marker. (A) Immunohistological analysis of CD 34 positive blood
vessels in gastric biopsy specimen of H. pylori-negative gastritis
(a, X100) or H. pylori-positive (b, X 100). Specimens obtained
from H. pylori-negative gastritis or H. pylori-positive gastritis
during an endoscopic examination were performed immuno-
histological analysis with anti-CD 34 antibodies. Arrows indicates
CD 34" blood vessels stained by dark red color and counters-
taining shown as blue colors with hematoxylin staining. (B) Mean
scorings of blood vessels stained with CD34. Number of blood
vessels in equal dimension was counted in triplicates per each
sample and represented means +SD. Note that statistically signi-
ficant differences showed as P value (P <0.01).
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gastritis

sl7] Y8 AAES AFHH AP AdE AlgEed
th. H. pyloriol] Z+ | AL} = & o & ufeks] AGS A
o] 271315 WA & HUVEC A9} vk Eetizol 7}
slo] AIhNT A £ el W3S It 9go] At
¥, 7rd=l AGS A E9] w7} H7hE HUVEC Al E£E52
(Fig. 3B) Wz oll(Fig. 3A) H|s}o] Gole}A] 71 Roko g
Matslda w3tk Al F25 FAse 2ela CD 31

i Fig. 2. Expression of HIF-1 « mRNA.
RT-PCR of HIF-1¢ was done with
total RNA isolated from H. pylori-
negative gastritis (n=5), H. pylori-
positive gastritis (n=5), and normal
stomach (n=5). HIF-1¢ expressions
were significantly higher in gastric
mucosa of H. pylori positive gastritis
than H. pylori negative gastritis in
spite similar expression of GAPDH.

g A HAAE Solo] dE AGS AlE9 wiA|7}
719 HUVEC A|Z59) CD 31 walo] 27 Yehl: A
+ & 4 U chFig. 3E), sbdell Zeds]z] ok w2
7} HUVEC A5 9] Al @401 CD 31 Pahllz) Al £
EAAe) BR g AT FeliehFig 3D). A 8
B4 Agow 963 AREL H pylori Fele) AHH
9 Au] AEZHE off 1A EBYPA SEolAE B
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XA FEA-ES PPZ7L A A= 2E S A
o|m, w3k PPIE o] g3 FENYA X 37t &% H. pylori
o] whel 2ol izt Fd e or Agd rhsAlE
A Az Aot

3) H. pylori0fl 2 2| MIZFE S2FY =0
XHE2 doat PPZOY 25k AR

H. pylorioll 7+l & AGS A|ZZ5E] 334 5
A58 & 4 Xl VEGFS} IL-89] #u|7} o3t A] F7tsl
aL, B2 H. pyloricl] Zted =l A|7kol] wl#slod F7te}
9 o, VEGF (1,597 +94 pg/ml)$} IL-8 (1,019+278 pg/ml)
o] o) EulF 2447 59k A E AGS Al EollA #zt
% 9lvh(data not shown). Ze|x HIHA [ xolzE9]
mRNA 28 & JAA-FHEL Asfubs QAR 2483
t}HFig. 4). HIF-1 09 %4 $42 % sl1e] VEGF mRNA

a-CD31Ab

Fig. 3. In vitro angiogenesis assay.
The conditioned media was obtained
from human gastric AGS cells treated
with control (A & E), H. pylori alone
(B & F), and H. pylori PPZ (200 M,
C & G) and added to the basal culture
medium of HUVEC cells. After 9 day
culture, morphological change of
HUVEC cells were observed under
the phase-contrast microscopy (A, B,
& C, X 400). Immunofluorescence stai-
ning was performed to detect expres-
sion of CD 31 endothelial cell marker
and evaluated by a fluorescence mic-
roscopy (D, E, & H, X400 magnifi-
cation).

HIF-1a

GAPDH

Fig. 4. Effects of PPZ on the expressions of IL-8, HIF-1 ¢ and
VEGF. AGS cells were treated with different doses of pantoprazol
(PPZ) for 16 h prior to H. pylori inoculation for 8 h. Total RNA
extracted from the cells was performed RT-PCR analysis of HIF-1
@ and VEGF.
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Fig. 5. The contributive mechanism of H. pylori to host angioge-
nesis and a possible role of pantoprazol (PPZ) on its inhibition.
H. pylori infection triggered significant inductions of angiogenic
growth factors like IL-8, HIF-1 @, and VEGF through the activa-
tion of MAP kinase and NF- ¢B. PPZ prevented the synthesis of
angiogenic factors via interrupting the host cell signal of MAP
kinase activated by H. pylori infection. Since these angiogenic
signals were known to be involved in H. pylori-associated gastric
inflammation and carcinogenesis, the inhibition of angiogenesis
with PPZ can provide the chance of cancer chemoprevention.
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$E5E 4450 o ol delglen, oF F UyE
2 ADAM series, 1L-8, VEGF, integrins, VCAM-1, ICAM-1,
E-selection, GRO- ¢, 28]3L IL-6 £33} Zto] €3td Ao
2ok Aol HEACZ Baivo] Y= FAREI
o] 7}A)e] PPIE & Pantoprazole (PPZ)2 2-pyridyl
methyl/sulfinyle] %3}5] wiAu]c}E H-EX(a substituted
2-pyridyl methyl/sulfinyl benzimidazole derivative)?] 1-<F
22 @857 AL A4 AN R A Hpro-
tonation) & H @ 2 3w, AAIQ) 99| W7ol AHo R = -—r,'
A= 3, H /K -ATPase g-subunit®] cysteine residue®} -&
ZAgtsto] 914ke] BulE o Agicl o|H % PPIES T4
S} g7 H. pylori WX 89t A E J7A3E T3t
o] Azt AHE A de] AEEe] £
th.(15) PPIol| of3f| 919 pH7L st A7) Al A
pylori®) A7t &A1 315 51 wlebA] gAY Aol 3t H. pylori
o] Aol ¥l oA Al Frh(16-19) £ AFollA HaE
2 PPI7} gF A Aol et H. pylori®] A4S W Y B7F
ol H. pyloriol] 23| F-E5+ 552 g4 llx 3

Fﬂ

=N
T

=

Aol oJgks mHch= A}mg AL oz urAslgle}.

o] o FLol| A A A5L PPI7} MAP kma se ERK1/29] ]

Aol e oAl 8ol Slovl T vheAE oS4t
_0‘

o] Fo]4] mullofl 4] PPl Fof7} ahqt AHgo] QIS4 Bl
v} 9l c}h.(20) o]e{ﬂ ERK ¢lAF3}o]| thak PPI9] 0421] 24
H. pyloriol] 93l =% 3G 4 & Azl dlolx o
sF3ict. PPIoj] «1°H H' e 2nl7} Zeksm 9 Wde] A=
9] pHE FolA 3 W& Al W9 pHE dolA Al et
ol X o] F7+e] pHe 9] AIAE F99¢] A4a4
u) 4] 3738 MR = 93, MAP kinase E4 35 A
kol H. pylorioll 218l 428 AEY AZALS whaljd ¢
gJt}. MAP kinase H])Z-A]3}ol] gl PPZ2| & 3-8 ERKI/2
U p38 A S0} v gk A} PPZe] oA At ¥ 7t
%121 (data not shown), §-#ol| vlzlsle] o] & 743k o A2
£-& VeElwch 28 PPZ7L NFE- ¢ BE] A AL &A4] Shol] 1)
Ae ke vimeiieh

AEA o7 B QAFE H pylori 3ol §1 A=Al el A
el A AAOIAEe] Bu|E ZUHAA dAAS £3
slw, H. pyloriol] 2|8} 5l A 2F-&o] PPIof| o3
FolslA AAE

2 rlo ok

& HojErh ol ¥ A

[e]
T T
sieke 2

H. pylori 7redo] 4%9] SRS AFgow 9l &
Arolu} gigke] WhAle 244 5 ke AR g e
A Zeh SR B pyloricl] €] 91 Hute] AR S
AAlshr] Sl Bd oz PRIl GEBEA XA AL
9 4 92e HaFqch

REFERENCES

1. Peck RM Jr, Blaser MJ. Helicobacter pylori and gastroin-

10.

11.

12.

13.

14.

15.

16.

17.

testinal tract adenocarcinomas. Nat Rev Cancer 2002;2:28-37.

. Stolte M, Bayerdorffer E, Morgner A, et al. Helicobacter and

gastric MALT lymphoma. Gut 2002;50:11119-24.

. Touati E, Michel V, Thiberge M, Wuscher N, Huerre M,

Labigne A. Chronic Helicobacter pylori infections induce

gastric mutations in mice. Gastroenterology 2003;124:1408-1419.

. Bagchi D, Bhattacharya G, Stohs SJ. Production of reactive

oxygen species by gastric cells in association with
Helicobacter pylori ori. Free Radic Res 1996;24:439-450.

. Maeda S, Yoshida H, Mitsuno Y, et al. Analysis of apoptotic

and antiapoptotic signalling pathways induced by Helicobacter

pylori . Gut 2002;50:771-778.

. Gupta RA, Polk DB, Krishna U, et al. Activation of peroxi-

some proliferator-activated receptor gamma suppresses nuclear
factor kappa B-mediated apoptosis induced by Helicobacter
pylori in gastric epithelial cells. J Biol Chem 2001;276:
31059-31066.

. Betten A, Bylund J, Cristophe T, et al. A proinflammatory

peptide from Helicobacter pylori activates monocytes to induce
lymphocyte dysfunction and apoptosis. J Clin Invest 2001;
108:1221-1228.

. Crawford HC, Krishna US, Israel DA, Matrisian LM, Washing-

ton MK, Peek RM Jr. Helicobacter pylori strain-selective
induction of matrix metalloproteinase-7 in vitro and within
gastric mucosa. Gastroenterology 2003;125:1125-1136.

. Kitadai Y, Sasaki A, Ito M, et al. Helicobacter pylori infection

influences expression of genes related to angiogenesis and
invasion in human gastric carcinoma cells. Biochem Biophys
Res Commun 2003;311:809-814.

Cox JM, Clayton CL, Tomita T, Wallace DM, Robinson PA,
Crabtree JE.
island-associated Helicobacter pylori epithelial cell response
genes. Infect Immun 2001;69:6970-6980.

Strowski MZ, Cramer T, Schafer G, et al. Helicobacter pylori
stimulates host vascular endothelial growth factor-A (vegf-A)

cDNA array analysis of cag pathogenicity

gene expression via MEK/ERK-dependent activation of Spl
and Sp3. FASEB J 2004;18:218-220.

Innocenti M, Thoreson AC, Ferrero RL, et al. Helicobacter
pylori-induced activation of human endothelial cells. Infect
Immun 2002;70:4581-4590.

Hom J. The proton-pump inhibitors: similarities and differ-
ences. Clin Ther 2000;22:266-280.

Sachs G. Proton pump inhibitors and acid-related diseases.
Pharmacotherapy 1997;17:22-37.

Sachs G, Shin JM, Briving C, Wallmark B, Hersey S. The
pharmacology of the gastric acid pump: the H™, K *-ATPase.
Ann Rev Pharmacol Toxicol 1995;35:277-305.

Nakao M, Malfertheiner P. Growth inhibitory and bactericidal
activities of lansoprazole compared with those of omeprazole
and pantoprazole against Helicobacter pylori. Helicobacter
1998;3:21-27.

Tsuchiya M, Imamura L, Park JB, Kobashi K. Helicobacter



198 [(HBIpIsalXl - M5 H K33 2005

18.

19.

20.

21.

22

23.

24.

25.

pylori urease inhibition by rabeprazole, a proton pump inhi-
bitor. Biol Pharm Bull 1995;18:1053-1056.

McGowan CC, Cover TL, Blaser MJ. The proton pump inhi-
bitor omeprazole inhibits acid survival of Helicobacter pylori
by a urease-independent mechanism. Gastroenterology 1994;
107:1573-1578.

Mauch F, Bode G, Malfertheiner P. Identification and charac-
terization of an ATPase system of Helicobacter pylori and the
effect of proton pump inhibitors. Am J Gastroenterol 1993;
88:1801-1802.

Yeo M, Kim DK, Kim YB, et al. Selective induction of
apoptosis with proton pump inhibitor in gastric cancer cells.
Clin Cancer Res 2004;10:8687-8696.

Dixon MF, Genta RM, Yardley JH, Correa P. Classification
and grading of gastritis, the updated Sydney system. Am J
Surg Pathol 1996;20:1161-1181.

Jaffe EA, Nachman RL, Becker CG. Culture of human endo-
thelial cells derived from umbilical veins. Identification by
morphologic and immunologic criteria. J Clin Invest 1973;52:
2745-2756.

Jordan MA, Wilson L. Microtubules as a target for anticancer
drugs. Nat Rev Cancer 2004;4:253-265.

Blagosklonny MV. Antiangiogenic therapy and tumor progres-
sion. Cancer Cell 2004;5:13-17.

Baatar D, Jones MK, Tsugawa K, et al. Esophageal ulceration
triggers expression of hypoxia-inducible factor-1 alpha and

26.

27.

28.

29.

30.

activates vascular endothelial growth factor gene: implications
for angiogenesis and ulcer healing. Am J Pathol 2002;161:
1449-1457.

Takahashi Y, Cleary KR, Mai M, Kitadai Y, Bucana CD, Ellis
LM. Significance of vessel count and vascular endothelial
growth factor and its receptor (KDR) in intestinal-type gastric
cancer. Clin Cancer Res 1996;2:1679-1684.

Maeda K, Kang SM, Onoda N, et al. Vascular endothelial
growth factor expression in preoperative biopsy specimens
correlates with disease recurrence in patients with early gastric
carcinoma. Cancer 1999;86:566-571.

Kanai T, Konno H, Tanaka T, et al. Anti-tumor and anti-
metastatic effects of human-vascular-endothelial-growth-factor-
neutralizing antibody on human colon and gastric carcinoma
xenotransplanted orthotopically into nude mice. Int J Cancer
1998;77:933-936.

Caputo R, Tuccillo C, Manzo BA, et al. Helicobacter pylori
VacA toxin up-regulates vascular endothelial growth factor
expression in MKN 28 gastric cells through an epidermal
growth factor receptor-, cyclooxygenase-2-dependent mech-
anism. Clin Cancer Res 2003;9:2015-2021.

Park JH, Kim TY, Jong HS, et al. Gastric epithelial reactive
oxygen species prevent normoxic degradation of hypoxia-
inducible factor-1 alpha in gastric cancer cells. Clin Cancer
Res 2003;9:433-440.



J Korean Gastric Cancer Assoc Vol. 5, No. 3, 2005

= Abstract =

Suppression of Helicobacter pylori-induced Angiogenesis by a Gastric Proton Pump Inhibitor

Sung-Ho Jin, MD.", Hwa-Young Lee', Dong-Kyu Kim’, Yong-Kwan Cho, MD., Ph.D.", Ki-Baik Hahm, M.D., Ph.D?,
and Sang-Uk Han, MD., Ph.D.

"Department of Surgery, “Genomic Research Center for Gastroenterology, Ajou University School of Medicine, Suwon, Korea

Background: Though infections of Helicobacter pylori (H. pylor) are closely associated with activation of host
angiogenesis, the underlying mechanisms, as well as the strategy for its prevention, have not been identified. Here,
we investigated a causal role of H. pylori infection in angiogenesis of gastric mucosa and a potent inhibitory effect
of a gastric proton pump inhibitor (PPI) on the gastropathy.

Materials and Methods: A comparative analysis of CD 34 expression in tissues obtained from 20 H. pylori-associated
gastritis and 18 H. pylori-negative gastritis patients was performed. Expression of HIF-1 ¢ and VEGF were tested
by using RT-PCR. To evaluate the direct effect of H. pylori infection on differentiation of endothelial HUVEC cells,
we carried out an in vitro angiogenesis assay.

Results: H. pylori-associated gastritis tissues showed significantly higher density of CD34" blood vessels than did
H. pylori-negative gastritis tissues, and the levels were well correlated with expressions of HIF-1 #. Conditioned media
from H. pylori-infected gastric mucosal cells stimulated a tubular formation of HUVEC cells. We also found a significant
inhibitory effect of PPI, an agent frequently used for H. pylori eradication, on H. pylori-induced angiogenesis. This
drug effectively inhibited the phosphorylation of MAP kinase ERK1/2, which is a principal signal for H. pylori-induced
angiogenesis.

Conclusion: The fact that PPls can down-regulate H. pylori-induced angiogenesis suggest that anti-angiogenic treatment
using PPl may be a preventive approach for H. pylori-associated carcinogenesis. (J Korean Gastric Cancer Assoc
2005;5:191-199)
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