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Gastric Epithelial Cell Proliferation and Apoptosis in Children
with Helicobacter pylori Infection

Ji Ah Jung, M.D., Jin Zhe, M.D.!, Woon Sup Han, M.D.” and Jeong Wan Seo, M.D.?

Department of Pediatrics, Pundang Jesaeng General Hospital, Sungnam, Korea,
Department of 'Pathology, Cancer Hospital, Yanbian Jilin, China,
Departments of “Pathology and “Pediatrics, Ewha Womans University
College of Medicine, Seoul, Korea

Purpose: Dysregulation of gastric epithelial cell proliferation and apoptosis are important in
development of ulcer, atrophy and neoplasia in Helicobacter pylori (H. pylori) infection. The aim
of this study was to investigate the effect of infection of H. pylori on gastric epithelial cell
proliferation and apoptosis in children.

Methods: Histological grading by updated Sydney system, PCNA immunostaining and TUNEL
method were performed in H. pylori positive (N=58) and negative (N=40) gastric biopsy specimens.
Results: In H. pylori positive children, there were significantly higher grade of polymorphonuclear
neutrophil activity (P=0.000), chronic inflammation (P=0.000), epithelial damage (P=0.000) and
lymphoid follicles (P=0.000) than in H. pylori negative children. Intestinal metaplasia was not seen
in H. pylori positive children. PCNA index was significantly different between H. pylori positive
children (67.8+18.13) and H. pylori negative children (54.8+14.46, P=0.000). There was positive
correlation between PCNA index and H. pylori density (r=0.277, P=0.007), polymorphonuclear
neutrophil activity (r=0.280, P=0.007) and chronic inflammation (r=0.284, P=0.006). Apoptosis
index of H. pylori positive children (0.44+0.447) was significantly higher than of H. pylori negative
children (0.14+0.196, P=0.000). There was positive correlation between apoptosis index and H.
pylori density (r=0.472, P=0.000), polymorphonuclear neutrophil activity (r=0.370, P=0.001) and
chronic inflammation (r=0.483, P=0.000). There was positive correlation between PCNA index and
apoptosis index (r=0.353, P=0.003).
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Conclusion: The PCNA and apoptosis index in H. pylori positive children were significantly higher
than in H. pylori negative children. This study suggested that gastric epithelial cell proliferation
and apoptosis are important to pathogenesis of H. pylori infection in children. (Korean J Pediatr
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Fig. 1. PCNA immunostaining of the gastric mucosa. (A) Normal gastric mucosa is expressing PCNA in the nuclei
of cell of the gland (PCNA stain, x200). (B) Number of the PCNA-positive nuclei is increased in H. pylori positive
gastritis (PCNA stain, x200).

Fig. 2. Immunohistochemical staining by TUNEL method for the detection of apoptosis. Several
apoptosis positive cells by TUNEL method in H. pylori positive gastritis are seen (TUNEL method,
x400).
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Table 1. Histologic Findings of H. pylori Positive and Negative Children

Histologic parameters H. pylori (+) N=58 H. pylori (=) N=40 P value*
Grade' 0 1 2 3 0 1 2 3

H. pylori density 0 17 24 17 40 0 0 0 0.000
PMN* neutrophil activity 5 19 25 9 35 4 0 1 0.000
Chronic inflammation 2 8 37 11 7 26 6 1 0.000
Intestinal metaplasia 58 0 0 0 34 5 0 1 0.004

*: P value; H. pylori positive vs H. pylori negative, " Grade 0; normal, 1; mild, 2; moderate, 3; marked, YPMN;

polymorphonuclear
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Table 2. Epithelial Damage and Lymphoid Follicle of
H. pylori Positive and Negative Children

H. pylori (+) H. pyiori (-)

N (%) N () vale
Epithelial damage 42/58 (72.4) 14/40 (35.0) 0.000
Lymphoid follicle  30/58 (51.7)  8/40 (20.0) 0.002

o (2.5%) s=olATh.
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Table 3. Correlation among Histologic Findings

Histologic parameters H. pylori density

PMN neutrophil activity Chronic inflammation

H. pylori density 0.781 (0.000)
PMN neutrophil activity 0.719 (0.000)
Chronic inflammation -0.273 (0.008)

0.678 (0.000)

-0.151 (0.150) 0.019 (0.857)

Data are presented as r value (P value).

Table 4. PCNA Index and Apoptosis Index of H. pylori Positive and Negative Children

H. pylori (+) H. pylori (-) P value
PCNA index 67.8+18.13 (N=53) 54.8+14.46 (N=40) 0.000
Apoptosis index 0.44+0.447 (N=51) 0.14+0.196 (N=21) 0.000

Data are presented mean=SD.
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Table 5. Correlation between Histologic Findings and
PCNA Index and Apoptosis Index

Histologic parameters  PCNA Index Apoptosis Index

H. pylori density 0.277 (0.007)  0.472 (0.000)
PMN neutrophil activity 0.280 (0.007)  0.370 (0.001)
Chronic inflammation  0.284 (0.006) 0.483 (0.000)

Data are presented as r value (P value).

T H. pylori ¥4 SAd0lA 04440447, S4d1A
0.14+0.1960.2 7+ dAoA AR F25H7
3= tH(P=0.000, Table 4).
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il &

H. pyloric A8 O3 SATO=E, theke

AR ELTE Ao 84S Bafet] GRS

A3} G A A
H 5 (flagella) 7} 319
pylori®] W Qlel = urease, =
o A W ole} 9 WoluF e 3
343, cytokines, mucin, gastrin, somatostatin, ABO
gy, HLAY 59 7 893 &7 8¢ 50l
Helgth, Az A JIAE FH434 ALY

?'%‘ date] FHE A7 BBz WA A
Aatel A Aol Ferh Huks WA= R,
2 ol

™

bl
=
oL
%

(e Mo
T f off
o
R
ofl
Il
r:\J
_,>i
2

O:

3 -
y=0.007x-0.11
r=0.353, P=0.003

Apoptosis index

PCNA index

Fig. 3. Correlation between PCNA index and apoptosis
index.

317} H. pylori 7499 $23 BHAo

A
H. pyloridl A= AZAZE fFEEIL o]
e 2adggos AE7t ARG AZAL
o N F29] F7l= H. pylori ATy Fo 7+
sdtEz leAe Aoz wa YN, ojn)
A FEAES AE S22 o] fEE A Fste A ol
U 95 59 A9 &4l 7% &tar, o] ®t
FOZ A&H o] At AE 4 dF ol 7)
AUA A ZAZE AYAA F7bstAe A Folut
AEo= AT 5 . £33 H pylori 7+E ]
Qe A&Eo] MEAIRT AE F2 o] ¢ F7ta}
AG, AEALS] 24 o] 3o AT A AL A
st2 Qro] WAgT I FgE L %5}824’25)

9 BAE S A FA] #gE AFledA 9
Bue th5-&o] H pylori 7+ Aol ] Atoll o
3 B ZAgo AgE AE F2o] Fsitn
SEGEHET0 Sy el e s 3 AT
A o] Ve H pylori 7E &5 wa} PCNA
rE o] o)zl glleta stgla, 4 T AEAL
%ot SUkstal AR F2Ao A Aol =
Fdda stk F 575 1 592 H pylori
wE FAAA MEALS} AE FA O] FosHA F
74E Bash Lot A H. pyloriol &g 9]
AHAE FA 3 AZTAb B A= AY it
Jones 50| ZAolo| A AE Z27 A ZA} H

2 A7H

ST

)



gror 9 &

O Helicobacter pylori Z&0IAl $ ATUIM Q| SA I MEZAL«T

pylori ZFd Aol frofstAl S7teda skt
MNAEZ2AS LolR = vl titrated thymidine, bro-
modeoxyuridine (BrdU), Ki-67 ¥ PCNAZ o] &3t
WHEC] Utk & A o]&% PCNAE GI, S
a8 G2 HNEFV) BHEAARH S F7]o A 7}
4 Bol 4= 36 KDY dguioz M EF7)
A3 voz dHA AT PCNA G4
ki AQagol o AEFAE
H= H“ﬁ o]t A FTAME P Aute] 3

5%, DNA 3193 22 HAts)

O

o
B

0

O

é

ez, Ysisty Wz A%

£ Ao A Al TUNEL W& 43}
DNAS] 3°-OH €% terminal deoxynucleotidyl
transferase (TdT)E ©]-8-3}¢] digoxigenin 5 ©| EA|
" dUTPE Z3AA AEAME A2 BFste
W o] o,

B AFNME H pylori 739 Aoboll A Al
A Ao} AZEAL ARV oA TS
&, H. pylori 7+ ’\OM]H A FAAE S
HZAZE 2ol S718E &
S Aot A ZA AR
9 A E F2

_E,_"
Ate & 4 At AEATE AE 3
; 5

¢

O o r
(o]

i o oX o2

e

rJ
M ofN

l‘lrm
j;%
>§2
j—@
ox
>
-

N2 > R oo o
>,_04

N
S L ol R

AA S4E o Ageld A% T H%
eoa sgded”, 2 AFeMe AT 54
FARE WA A, A A, A3

] H:}E X]'O]ﬂ' H}\IJ\E]' ]"E _‘_o}o]]}q 7 %

o] o] Holqd oz y7E ¢
o ol g o dAFHoiAel & Aot
3k Lololl A AN ETE H. pylori 7ol 2 o

b
o,

»:ﬂ
NS

03:
)

Ay

d

&
FH fo

g5l ATASG AEFH0] YL o) FEA F
ez Agelut 9% 59 Wue] Atn FE
g 4= ok

20}e] H pylori 779 23 A7 ARG
ARG g8 7o Aol Bov, 3

o3y F omn, gz
o ¥7h BEAGHT. g LolE oz I
AT M= H pylori 779 Aob7F ZAEEHA e

™

Zofel Hla] Y T dIT &Y B
7} At &8sl (1ntest1na1 metaplasia)S ¥z
2 &} DX AT E 425%, A9 &3S 25%
2, H pylori 957} olAFE dal3 A& 5
Fol Foltta RusteF?. B AFolE H
pylori 744 Aot A g3y FAT] &547
g AE@ T Ad)el FYsA ST,
I ESE 124%, WEZAXE 51.7% A3, H. pylori
G5 gy FAT EEdH v
H5Y &7t skt

Y AR B g W

Aol FoAE7E ZR e FoAER H} A
2, ot = BB HA BuH Ik H pylori
= A AT AEstE AlF o g Aol Aol
Ao e AolA AGANA 917354 (gastric
metaplasia)©] Yojd Ho) A Hut F99 A =7}t
SARedY 2 WEE Barrett AEoA HAEE
wolth. stz HAZHAMET FHEFTA
Eu wAIEE A WM E H pylorivt W&
HA o, F o] FEE Fole
H. pylori7} <743 O]ﬂ-

i

=
7

qr |o
[o o

X olo

C

9] AL FA, AEARE 24 AT

o thaslAE= Lynch 5°9& 9 4 °

S7VES= H. pylori %=, O3 ¥ &

A, T4 Odfol z7]’°}°q /‘1]:-7_ =22 H. pyloridl
9t o

2| ZAT BEA
VE5E Fohstel, 2okl M F7H
EAVE H. pyloriel 918 9% ¥

o Atz AZtHEY

HAEHOZ H pylori 739 Aol HXE F4
A& AFAL ARTE FASA STFstR e A
HAE Fotdth. =g AE 4 AFE ok Al EA
ARE H pylori D=t 88 2479 FEA,
g dEel S7ErE ST ol 4ot



A THM5H M1 = 2002

A ZAZF H. pylori®] W91
oto g AXE ;‘*‘JJr Aﬂi/\}

o il

= H pylori 739 7|Ao= %O*]Q A= 4
BIHANE SAZ AFEAR s Aol A Polr
al

oH
Ygw E5Hd iOMOM iﬁ}ﬂ 4oz Y
AN 7BE A@3ste] H. pylori ZFEo.2 Ay 589

749 4 4098 ez ST H. pylori
79 e 2AEHSZ H pylori T 2y
31, CLO #AFe} ureC PCRO] A FAA ¢
sk A A HFE A=Y AAE o
St 22 A7AS A8}, proliferating cell
nuclear antigen (PCNA) Hd 0 2 ] FJI A x F2
4 ;ﬂ_,_e’ i
mediated dUTP nick-end labeling (TUNEL) ®'"H o .2
MNEAY A=E ZASIA T

E-ILE

1) H. pylori 7t FANA o33

573(P=0.000), T AS(P=0.

situ terminal deoxynucleotidyl transferase-

TATY &
), &3 &7(P=0.000),
HIZAE(P=00009] BE7} Zd S48 Bk
oAl =tk H. pylori 74 °o“é oA sl
AL AFHA Ak

2) H. pylori 78 S Ax F4 A%
67.8+18.130. 2, SA4 548t1446°] H|5td 9
3HA = THP=0.000). ¥ =2 ANEE H. pylori
U5} 271842 (:=0.277, P=0.007), T} 3 FA4
T gFA o] Z7}842(r=0.280, P=0.007), T+
dZzo] 271842 1=0.284, P=0.006) Z7}5F % ).

3) AIZAF A= H. pylori 779 FAolA 044
10447, 273904 0.1410.1962.2 7+ YAl A

ARG FAsHl EATHP=0.000). AIZA} A=

H. pylori D=7} £7V8H=2(=0.472, P=0.000), T} &

AT FEAo] Z7FE421=0370, P=0.001), Tt

A YFo] ZF71eE(1=0.483, P=0.000) =7}t T
4) NE F24 AR7F S7HEFE AEA ARE

o34 S7FskA tHr=0.353, P=0.003).

ZE: H pylori 749 Aobo|A AE 24 Ax 9}

3
=

A FAL A7 FoeHA St en AR E
BT, ol 2ollA] 9 AAAL 243 A
EAZF H. pylori®] Wldl F83-S AlAletH, &
o2 AE FAF AZEALY 7]1H, FE 89 9
oE WE ARk BEd e A7t dast

Ze} Az,

-

ik
MO
Qb

1) World Health Organization. Infection with Helico-
bacter pylori. IACR monographs on the evaluation of
carcinogenic risks to humans. 1997;61:177-240.

2) Rowland M, Bourke B, Drumm B. Gastritis and peptic
ulcer disease. In: Walker WA, Durie PR, Hamilton
JR, Walker-Smith JA, Watkins JB, eds. Pediatric
gastrointestinal disease. 3rd ed. Hamilton: BC Decker,
2000:395-94.

3) Moss SF, Calam J, Agarwal B, Wang S, Holt PR.
Induction of gastric epithelial apoptosis by Helico-
bacter pylori. Gut 1996;38:498-501.

4) Jang TJ, Lee JI, Kim JR, Kim DH, Bae SH. Decreased
gastric proliferation of foveolar epithelial cells after
the eradication of Helicobacter pylori. J Korean Med
Sci 1997;12:421-6.

5) Crawford JM. The gastrointestinal tract: Stomach. In:
Cotrans RS, Qumar V, Robbins SL, eds. Pathologic
basis of disease. 5th ed. Philadelphia: WB Saunders,
1994:767-83.

6) Moss SF, Sordillo EM, Abdalla AM, Makarov V,
Hanzely Z, Perez-Perez GI, et al. Increased gastric
epithelial cell apoptosis associated with colonization
with cagA” Helicobacter pylori strains. Cancer Res
2001;61:1406-11.

7) Jang TJ, Kim JR. Proliferation and apoptosis in gastric
antral epithelial cells of patients infected with Helico-
bacter pylori. J Gastroenterol 2000;35:265-71.



A OF 9 : 20t Helicobacter pylori 22 01M 9| ATl SADF MEZA -9

8) Suzuki H, Ishii H. Role of apoptosis in Helicobacter
pylori-associated gastric mucosal injury. J Gastroen-
terol Hepatol 2000;15(Suppl):D46-54.

9) Thompson CB. Apoptosis in the pathogenesis and
treatment of disease. Science 1995;267:1456-62.

10) Rokkas T, Ladas S, Liatsos C, Petridou E, Papa-
theodorou G, Theocharis S, et al. Relationship of
Helicobacter pylori CagA status to gastric cell prolif-
eration and apoptosis. Dig Dis Sci 1999;44:487-93.

11) Peek RM Jr, Moss SF, Tham KT, Perez-Perez GI,
Wang S, Miller GG, et al. Helicobacter pylori cagA”
strains and dissociation of gastric epithelial cell prolif-
eration from apoptosis. J Natl Cancer Inst 1997;89:
863-8.

12) Langenberg W, Rauws EA, Houthoff HJ, Oudbier JH,
van Bohemer CG, Tytgat GN, et al. Follow-up study
of individuals with untreated Campylobacter pylori-
associated gastritis and of non-infected persons with
non-ulcer dyspepsia. J Infect Dis 1988;157:1245-9.

13) Jones NL, Shannon PT, Cutz E, Yeger H, Sherman
PM. Increase in proliferation and apoptosis of gastric
epithelial cells early in the natural history of Helico-
bacter pylori infection. Am J Pathol 1997;151:1695-
703.

14) Labigne A, Cussac V, Courcoux P. Shuttle cloning
and nucleotide sequences of Helicobacter pylori genes
responsible for urease activity. J Bacteriol 1991;173:
1920-31.

15) Dixon MF, Genta RM, Yardley JH, Correa P. Classi-

fication and grading of gastritis; the updated Sydney

system. Am J Surg Pathol 1996;20:1161-81.

M 7). &ote] Helicobacter pylori 7+, th3tAobA

3}7]94 433 A 1998;1:9-18.

17) Wagner S, Beil W, Westermann J, Logan RP, Bock
CT, Trautwein C, et al. Regulation of gastric epithelial

16

=

cell growth by Helicobacter pylori: Evidence for a
major role of apoptosis. Gastroenterology 1997;113:
1836-47.

18) Fan XG, Kelleher D, Fan XJ, Xia HX, Keeling PW.
Helicobacter pylori increases proliferation of gastric
epithelial cells. Gut 1996;38:19-22.

19) Yamaguchi T, Nakajima N, Kuwayama H, Ito Y,
Iwasaki A, Arakawa Y. Gastric epithelial cell prolif-
eration and apoptosis in Helicobacter pylori-infected
mice. Aliment Pharmacol Ther 2000;14:68-73.

20) B3, AW, AAY, FHY, FA, PFE 5,

Helicobacter pylori 70 o}XEA] 2, Bel2 2 A
FA M AE 9T eas 83 A] 1999;34:10-
20.
21) B4, wER, AW, AR, o]F2, o4l F.
Helicobacter pylori 7392 MEZA 2 M ZAPETE
o] #A. 343788 2] 1998;32:427-34.
Cahill RJ, Xia H, Kilgallen C, Beattie S, Hamilton
H, O’Morain C. Effect of eradication of Helicobacter
pylori infection on gastric epithelial cell proliferation.
Dig Dis Sci 1995;40:1627-31.
23) Brenes F, Ruiz B, Correa P, Hunter F, Rhamakrishnan
T, Fontham E, et al. Helicobacter pylori causes

22

~

hyperproliferation of the gastric epithelium: pre- and
post-eradication indices of proliferating cell nuclear
antigen. Am J Gastroenterol 1993;88:1870-5.

24) Panella C, lerardi E, Polimeno L, Balzano T, Ingrosso
M, Amoruso A, et al. Proliferative activity of gastric
epithelium in progressive stages of Helicobacter
pylori infection. Dig Dis Sci 1996;41:1132-8.

25) Shirin H, Sordillo EM, Kolevska TK, Hibshoosh H,
Kawabata Y, Oh SH, et al. Chronic Helicobacter
pylori infection induces an apoptosis-resistant pheno-
type associated with decreased expression of p27kip1.
Infect Immun 2000;68:5321-8.

26) Lynch DA, Mapstone NP, Clarke AM, Jackson P,
Moayyedi P, Dixon MF, et al. Correlation between
epithelial cell proliferation and histological grading in
gastric mucosa. J Clin Pathol 1999;52:367-71.

27) Piotrowski J, Piotrowski E, Skrodzka D, Slomiany A,
Slomiany BL. Induction of acute gastritis and epithe-
lial apoptosis by Helicobacter pylori lipopoly-
saccharide. Scand J Gastroenterol 1997;32:203-11.

28) von Herbay A, Rudi J. Role of apoptosis in gastric
epithelial turnover. Microsc Res Tech 2000;48:303-11.

29) Carson DA, Ribeiro JM. Apoptosis and disease.
Lancet 1993;341:1251-4.

30) Cover TL, Blaser MJ. Helicobacter pylori infection,
a paradigm for chronic mucosal inflammation: patho-
genesis and implications for eradication and preven-
tion. Adv Intern Med 1996;41:85-117.

31D o)A, HEA, oY, YHY ZZF oA Helicobacter
pylori 747 PCNA & 9 fxojx o] Ao #
A. hetas}7)18 3R] 1997;29:17-24.

32) Waseem NH, Lane DP. Monoclonal antibody analysis
of the proliferating cell nuclear antigen (PCNA). Struc-
tural conservation and the detection of a nucleolar



10 - cistootasty 2 tatal Al M5 M 1S 2002

form. J Cell Sci 1990;96:121-9.

33) Mesner PW, Kaufmann SH. Methods utilized in the
study of apoptosis. In: Kaufmann SH, ed. Apoptosis;
Pharmacological implications and therapeutic opportu-
nities. Advances in Pharmacology: Academic Press,
1997;41:57-87.

34) Queiroz DM, Rocha GA, Mendes EN, Carvalho AS,
Barbosa AJ, Oliveira CA, et al. Differences in distri-
bution and severity of Helicobacter pylori gastritis in
children and adults with duodenal ulcer disease. J
Pediatr Gastroenterol Nutr 1991;12:178-81.

35) Mitchell HM, Bohane TD, Tobias V, Bullpitt P,
Daskalopoulos G, Carrick J, et al. Helicobacter pylori
infection in children: potential clues to pathogenesis.
J Pediatr Gastroenterol Nutr 1993;16:120-5.

36) Hassall E, Dimmick JE. Unique features of Helico-
bacter pylori disease in children. Dig Dis Sci 1991;
36:417-23.

37) Prieto G, Polanco I, Larrauri J, Rota L, Lama R,
Carrasco S. Helicobacter pylori infection in children:
clinical, endoscopic, and histologic correlations. J
Pediatr Gastroenterol Nutr 1992;14:420-5.

38) ol3|<=, 7|wHA, AAE, M 7). Aot Helicobacter
pylori 9182 WA 2 Hygad £ thaisr)
8}3] 2] 2000;36:10-9.

39) A<, 4. &0} Helicobacter pylori 9182 %7
3h2 AT, 2ok 1996;39:811-20.

40) Robert ME, Weinstein WM. Helicobacter pylori- as-
sociated gastric pathology. Gastroenterol Clin North
Am 1993;22:59-72.




