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ackground & Aims: Helicobacter pylori infection in
hildren infrequently causes gastroduodenal mucosal
lceration. Because H pylori induces T-cell dependent
astric inflammation in adults and T regulatory
Treg) cells suppress T-cell– dependent pathology, we
valuated gastric histopathology and Treg cell re-
ponses in H pylori–infected children and adults.
ethods: Gastric tissue from 36 children and 79

dults with abdominal symptoms in Santiago, Chile,
as evaluated prospectively for H pylori bacteria and
istopathology using the Sydney classification and
reg responses using immunoassay, immunohisto-
hemistry, and real-time polymerase chain reaction.
esults: Eighteen (50%) of the children and 51 (65%)
f the adults were infected with H pylori. Children and
dults were colonized with similar levels of H pylori.
owever, the level of gastritis in the children was

educed substantially compared with that of the
dults (P < .05). Coincident with reduced gastric
nflammation, the number of Treg cells and levels of
reg cytokines (transforming growth factor [TGF]-�1
nd interleukin-10) were increased markedly in the
astric mucosa of H pylori–infected children com-
ared with that of infected adults (P < .03 and < .05,
espectively). Also, H pylori infection in the children
as associated with markedly increased levels of gas-

ric TGF-�1 and interleukin-10 messenger RNA. Im-
ortantly, gastric TGF-�1 in H pylori–infected chil-
ren localized predominantly to mucosal CD25� and
oxp3� cells, indicating a Treg source for the TGF-�1.
onclusions: Gastric pathology is reduced and local
reg cell responses are increased in H pylori–infected
hildren compared with infected adults, suggesting that
astric Treg cell responses down-regulate the inflamma-
ion and ulceration induced by H pylori in children.

elicobacter pylori is the most common pathogen of
the gastrointestinal tract worldwide and the pre-

ominant cause of chronic gastritis, gastroduodenal
lceration, and gastric malignancy.1 In developing coun-

ries, up to 80% of children are infected with the bacte-
ium,2 whereas in developed countries children are in-
ected infrequently.3,4 Prevalence rates of H pylori are
articularly high in indigenous peoples of South America.5

n Chile, the organism is acquired at an early age,6 the
ajority of adolescents are H pylori–seropositive,7,8 and

astric adenocarcinoma is the leading cause of cancer-
elated mortality.9

The pathogenesis of H pylori disease is initiated by the
nteraction between bacterial virulence factors and host

ucosal cells, leading to the local production of proin-
ammatory mediators and the inflammatory cascade.
astric inflammation is present in all colonized persons,
ut some investigators10 –12 have reported that H pylori–
ssociated histopathology in children is variably reduced
ompared with that of adults. In Peru, for example, both
he prevalence and severity of H pylori–associated chronic
astritis is significantly less in children than in adults.13

In adult human beings and animal models, H pylori drives
local T helper cell (Th1) response that promotes gastric
ucosal inflammation.14–20 In contrast, the pathogenesis of

he inflammatory response to H pylori in children has re-
eived little investigative attention. Here we investigated the
elationship between T regulatory (Treg) cells, which down-

odulate T-cell proliferation and function,21–24 and the
pparent reduced inflammatory response to H pylori in
hildren. We studied this relationship in H pylori–infected
ubjects residing in Santiago, Chile, where H pylori infection
s endemic in children.

Materials and Methods
Patients
A total of 115 consecutive subjects with abdomi-

al symptoms residing in Santiago, Chile, including 36
hildren 12 years of age and younger and 79 adolescent
nd adult subjects older than 12 years of age, were en-
olled in this institutional review board–approved study.

Abbreviations used in this paper: PCR, polymerase chain reaction;
GF, transforming growth factor; Th1, T helper cell; Treg, T regulatory.

© 2008 by the AGA Institute
0016-5085/08/$34.00
doi:10.1053/j.gastro.2007.11.006
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ecause only 3 subjects were adolescents, hereafter the
roup older than 12 years of age is referred to as adults.
riteria for patient inclusion were symptoms suggestive
f peptic disease, including recurrent abdominal pain,
urning abdominal discomfort, hematemesis, or chronic
omiting. Exclusion criteria included a history of antibi-
tic, antacid, H2 blocker, proton-pump inhibitor, bis-
uth compound, or nonsteroidal anti-inflammatory

rug use during the previous 4 weeks. Each subject or the
ubject’s parents provided the clinical history. If the sub-
ect fulfilled the inclusion criteria, they were invited to
articipate in the study. Patients’ socioeconomic status
as classified according to a locally validated version of

he Graffar25 score. Written informed consent was ob-
ained from either the patient or the patients’ parents or
uardian.

Assessment of H pylori Infection
Each subject underwent serum collection and

tandard esophagogastroduodenoscopy. Serum samples
ere analyzed for antibodies to whole H pylori and cyto-

oxin-associated gene A (CagA) antigen by enzyme-linked
mmunosorbent assay with optical denisity cut-off values
or the serologic assays set at 1.0 for immunoglobulin
Ig)G and IgA anti–H pylori antibodies and 0.35 for IgG
nti-CagA antibodies, as previously reported.11 The CagA
nalysis was performed to determine whether histology
r Treg findings related specifically to the presence of
agA. Based on our previous observation that H pylori–
ssociated gastritis of the corpus was present only when
ntral gastritis was present,26 we obtained 6 biopsy spec-
mens from the gastric antrum. One specimen was sub-
ected to a rapid urease test (Rapid Urea Test; Bios Chile,
antiago, Chile) for the detection of H pylori; a second
pecimen was formalin-fixed, paraffin-embedded, sec-
ioned, and treated with H&E for histologic analysis,

arthin–Starry silver stain for H pylori detection, and
ntibodies to CD25, Foxp3, and transforming growth
actor (TGF)-�1 for immunohistochemical analysis; a
hird specimen was used for real-time polymerase chain
eaction (PCR) analysis; a fourth specimen was snap-
rozen for immunofluorescence; and 2 additional speci-

ens were prepared together for cytokine protein deter-
inations. A subject was considered colonized by H pylori
hen the serologic test plus either the rapid urease test or
icroscopic evaluation were positive for H pylori.

Evaluation of Gastric H pylori Colonization
and Histopathology
Serial sections of H&E-stained gastric tissue were

valuated independently by 2 pathologists who were
linded to the results of other assays. To quantify the

evels of H pylori colonization and gastric histopathology,
oded tissue sections from each biopsy specimen (5 ran-
om fields in each of 3 tissue sections per biopsy) were

raded according to the Sydney classification27 for b
pylori colonization and the presence of polymorpho-
uclear and mononuclear cell infiltrations, number of

ymphoid follicles, mucosal atrophy, and intestinal meta-
lasia. A colonization score was calculated on the basis of

pylori density (0 � absent, 1 � mild, 2 � moderate, and
� intense)27 and a histology score was calculated by

dding the mean individual scores for each parameter to
uantify the level of gastritis. In addition, we determined
he frequency of each parameter and endoscopically iden-
ified ulceration in the children and adults. Intraobserver
ariation between pathologists was negligible, as previ-
usly established by � statistical analysis.28

Identification and Enumeration of Gastric
Treg Cells
Frozen sections (5 �m) were fixed by irradiation in

.5% paraformaldehyde/5% Kryofix in 0.1 mol/L phos-
hate buffer (Merck, Darmstadt, Germany), pH 7.4 (60
ec at 650 W), rinsed in phosphate-buffered saline (PBS)
15 min), incubated with 3% hydrogen peroxide (45 min)
o eliminate endogenous peroxidase activity, blocked
ith casein protein (1 h, CSA System; DAKO, Philadel-
hia, PA) and incubated sequentially with mouse anti-
uman Foxp3 (0.08 mg/mL, 15 h at 4°C; Abcam Inc,
AKOCytomation CSA System with tyramide), fluores-

ein isothiocyanate–streptavidin (DAKO), mouse anti-hu-
an CD25-PE (1:50, 30 min at room temperature; BD
iosciences Pharmingen, San Diego, CA), and counter-
tained with DAPI (Calbiochem, San Diego, CA) for 5

inutes at 25°C.
Formalin-fixed serial sections (5 �m) were deparaf-

nized, rehydrated, and heated in 10 mmol/L sodium
itrate buffer, pH 6.0 (5 min, 95°C), and cooled for 20
inutes. Slides were transferred to water (5 min), blocked

s described earlier, and incubated with rabbit anti-hu-
an TGF-�1 (0.05 mg/mL; Santa Cruz Biotechnology,

anta Cruz, CA) or goat anti-human Foxp3 (0.01 mg/mL;
bcam Inc, Cambridge, MA) for 15 hours at 4°C. Sec-

ions then were washed in PBS, incubated with horserad-
sh-peroxidase– conjugated donkey anti-rabbit IgG or
onkey anti-goat IgG (1:500, 30 min at 25°C; both from
anta Cruz Biotechnology), followed by diaminobenzi-
ine- or fuscein red–substrate/chromagen solution (DAKO),
nd counterstained with hematoxylin.29 For control tis-
ue, biopsy specimens of inflamed ileum from patients
ith active Crohn’s disease were prepared in the same
anner; antibody controls were included with each stain-

ng experiment.
To quantify the number of Treg cells, gastric biopsy

pecimens from 9 H pylori–infected children and 9 H
ylori–infected adults were examined for Foxp3� cells.
he mean number of Foxp3� cells/1000 mononuclear

eukocytes/biopsy was determined by enumerating the
umber of Foxp3-stained cells per grid, the number of
ononuclear cells per grid, and the number of grids per
iopsy.
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Cytokine Protein Determination
Two antral biopsy specimens were used to mea-

ure tissue cytokine levels. The biopsy specimens were
omogenized using a tissue homogenizer (Biospec,
artlesville, OK) in 750 �L PBS. After centrifugation

12,000g, 5 minutes at 4°C), the supernatants were col-
ected and frozen (�70°C) until assayed. The levels of
egulatory cytokines IL-4, IL-13, IL-10, and TGF-�1 were

easured by enzyme-linked immunosorbent assay (R&D
ystems, Minneapolis, MN). For the measurement of
GF-�1, supernatant was first acid-activated according to

he manufacturer’s recommendation. Protein levels were
easured using the bicinchoninic acid method (Pierce,
ockford, IL), and total protein concentrations were ex-
ressed as mg/mL. The final cytokine concentrations in
he biopsy specimens were expressed as pg/mg of protein.

Real-Time PCR Analysis for Cytokine
Gene Expression
Total RNA was isolated using the Qiagen

Neasy (Qiagen, Valencia, CA) Minikit and the RNA
everse-transcribed into first-strand complementary
NA (cDNA) using the Transcriptor First-Strand

DNA Synthesis Kit (Roche, Pensberg, Germany). Real-
ime reverse-transcription PCR (PCR) was performed
ith Applied Biosystems Assays-On-Demand primer/
robe sets and TaqMan Universal PCR Mix (PE Ap-
lied Biosystems; Foster City, CA) using a Stratagene
X3000P real-time PCR machine (Stratagene, La Jolla,

A). The following primer/probe sets were used: 18S
ousekeeping gene (Hs99999901_s1; Genebank ID
03205.1); TGF-�1 gene (Hs99999918_m1; Genebank

D X02812.1);IL-10 gene (Hs00174086_m1; Gene-
ank ID M57627.1); Foxp3 gene (Hs00203958_m1;
enebank ID AF277993.1) and IFN-� gene (Hs
0174143_m1; UniGene ID Hs. 856). The level of gene
xpression was calculated using the delta-delta cross-
ng threshold (Ct) relative quantitation method as
etailed by Applied Biosystems instructions. Briefly,
he relative expression (�Ct) of each target gene was
etermined by comparing its crossing threshold Ct
ith the Ct for 18S as the reference (housekeeping)
ene. The difference in the mean �Ct of each group
nd its control group (��Ct) was used to determine
he fold change (2��Ct) in messenger RNA (mRNA)
xpression.30,31

Statistical Analysis
Comparisons between groups were performed us-

ng the Student t test and analysis of variance with Tukey
airwise comparisons for continuous data. Categoric
ata were analyzed using the chi-square test and the
isher exact test. Statistical significance was defined as a

value of less than .05. B
Results
Patients
The 115 study subjects, including 36 children and

9 adults, displayed similar gender distributions, socioeco-
omic status, and indications for endoscopy (Table 1).
ighteen children (50%) and 51 adults (65%) were in-

ected with H pylori, based on the presence of circulating
nti–H pylori antibodies and H pylori in the gastric mu-
osa. Among the H pylori–infected children, 12 (66.7%)
ere CagA�, whereas among the H pylori–infected adults,
3 (65.0%) were CagA�. CagA titers for the 2 groups were
imilar (0.434 and 0.570, P � .114). In the children, the
resence of CagA correlated with polymorphonuclear cell

nfiltrate (P � .0006) and mononuclear cell infiltrate (P �
0001) and, in the adults, with polymorphonuclear cell
nfiltrate (P � .02) and mononuclear cell infiltrate (P �
004). CagA antibody levels were significantly higher in
atients with active or treated peptic ulcer disease com-
ared with those with chronic gastritis only (0.932 vs
.521; P � .001). The presence of CagA did not correlate
ith increased cytokine levels.

Marked Reduction in Gastritis in
H pylori–Infected Children Compared With
Infected Adults
The antral mucosa of H pylori–infected children-

ypically showed minimal polymorphonuclear and
ononuclear cell infiltration, no lymphoid follicles,

nd intact epithelium (Figure 1A) compared with that
f infected adults, whose mucosa usually showed dense
olymorphonuclear and mononuclear cell (including
lasma cell) infiltration, lymphoid follicles, and reac-
ive epithelial changes (Figure 1B). To quantify these
ndings, we next evaluated coded gastric tissue sec-
ions from the H pylori–infected and uninfected sub-
ects for the levels of both H pylori and inflammation.

able 1. Characteristics of the Chilean Study Population

�12 y (n � 36) �12 y (n � 79)

ean age, y (�SD) 10.7 � 1.9 26.2 � 15.9a

ex (%)
Female 22 (61) 49 (57)
Male 14 (39) 36 (43)

ocioeconomic status (%)
Low (Graffar25 1 or 2) 20 (56) 27 (34)
Medium (Graffar25 3) 12 (33) 34 (43)
High (Graffar25 4 or 5) 4 (11) 18 (23)

ndication for endoscopy (%)
Recurrent abdominal pain 21 (58) 43 (54)
Burning abdominal discomfort 6 (17) 9 (11)
Hematemesis 3 (8) 11 (14)
Chronic vomiting 2 (6) 2 (3)
Other 2 (6) 8 (10)
pylori infection (%) 18 (50) 51 (65)

P � .05.
ased on visual assessment of bacteria, the level of H



p
t
a
t
h
w
a
a
h
s
0
l
c

t
c
m
a
p
p
p
c
f

T

P
M
L
A
I
U

a

b

c

B
A

SIC
–

A
LIM

EN
TA

R
Y

TR
A

C
T

494 HARRIS ET AL GASTROENTEROLOGY Vol. 134, No. 2
ylori colonization in the gastric tissue specimens from
he infected children was similar to that of infected
dults (Figure 1C). Importantly, the level of inflamma-
ion in the same gastric specimens, reflected in the
istology scores based on the Sydney classification,27

as greater for the H pylori–infected children and
dults compared with that of uninfected children and
dults (both P � .05) (Figure 1D). However, the mean
istology score for the H pylori–infected children was
ignificantly less than that of the infected adults (2.1 �
.4 vs 2.9 � 0.6, P � .05) (Figure 1D), indicating a

ower level of gastritis in H pylori–infected children
ompared with infected adults.

able 2. Frequency of Inflammatory Changes in Chilean Child

Children

H pylori (�)
n � 18

olymorphonuclear cell infiltration 0
ononuclear cell infiltration 1 (6)

ymphoid follicles 2 (11)
trophy 0
ntestinal metaplasia 0
lceration 0

P � .05 for comparison between infected children and infected adu
P � .001 for comparison between infected children and noninfected

P � .05 for comparison between infected and noninfected adults.
Reduced Frequency of Gastric Inflammatory
Changes in Children Infected With H pylori
Compared With Infected Adults
Having detected a reduced intensity of inflamma-

ion in the gastric mucosa of H pylori–infected children
ompared with that of infected adults, we next deter-
ined the frequency of gastric inflammatory changes

nd ulceration in the H pylori–infected children com-
ared with infected adults (Table 2). Among the 18 H
ylori–infected children, 9 (50%) showed gastric polymor-
honuclear cell infiltration, 14 (78%) showed mononu-
lear cell accumulation, and 6 (33%) showed lymphoid
ollicles, in contrast to the 51 infected adults, among

Figure 1. Histologic features of
childhood and adult H pylori in-
fection. (A) Representative gastric
tissue section from an H pylori–
infected child shows minimal
polymorphonuclear and mono-
nuclear cell infiltration in contrast
to a (B) representative gastric
tissue section from an infected
adult, which shows dense poly-
morphonuclear and mononuclear
cell infiltration, a lymphoid folli-
cle, and epithelial regeneration
(magnification, 200�). (C) Levels
of H pylori colonization in coded
gastric tissue specimens from H
pylori–infected children (n � 18)
and adults (n � 51) were similar
based on colonization scores.
(D) Analysis of the same gastric
tissue specimens in C showed
the H pylori–infected children
had less severe gastric inflam-
mation than the infected adults,
reflected in a lower histology
score.

and Adults With and Without H pylori Infection

y) Adults (�12 y)

H pylori (�)
n � 18

H pylori (�)
n � 28

H pylori (�)
n � 51

9 (50%)a,b 2 (7%) 37 (73%)a,c

14 (78)a,b 4 (14) 45 (88)a,c

6 (33)a 5 (18) 21 (41)a,c

1 (6) 0 5 (10)
(0) 0 1 (2)

4 (22)a,b 0 24 (47)a,c

dren.
ren

(�12

lts.
chil
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hom 37 (73%) showed polymorphonuclear cell infiltra-
ion, 45 (88%) showed mononuclear cell accumulation,
nd 21 (41%) showed lymphoid follicles (P � .05 for
ach). Atrophy of the gastric mucosa was present in only
patients: 1 child and 5 adults. Intestinal metaplasia in

he gastric antrum was present in none of the infected
hildren and in 1 infected adult. Importantly, among the
nfected children, the proportion with gastric ulceration
4 of 18) was substantially less than the proportion of
nfected adults with ulceration (24 of 51, P � .05). Thus,
astric inflammatory changes and ulceration were signif-
cantly less frequent in H pylori–infected children than in
nfected adults colonized with similar levels of the bac-
eria.

Increased Prevalence of CD25�Foxp3� Cells
in the Gastric Mucosa of H pylori–Infected
Children Compared With Infected Adults
We next sought to determine a mechanism for the

educed gastritis in the children infected with H pylori.
ecause H pylori inflammation is T-cell– dependent14 –20

nd Treg cells down-modulate T-cell–mediated inflam-
ation,21–24 we first determined whether the gastric mu-

igure 2. CD25�Foxp3� cells in the gastric mucosa of children and ad
f ileal mucosa from a patient with Crohn’s disease were stained with
nti-mouse IgG antibodies, or mouse anti-Foxp3 antibodies followed by
onfocal microscopy. Merge of the upper and middle panels shows lam
rom an H pylori–infected adult and child stained similarly with anti-CD2
onfocal microscopy shows a CD25�Foxp3� cell in the adult gastric m
B) Foxp3� cells coded in gastric biopsy specimens from 9 adults and 9
nd Methods section. The number of Foxp3� cells in the gastric mucos

f the adults (P � .03). Inset shows typical Foxp3� cells with nuclear locatio
osa of H pylori–infected children contains increased
umbers of Treg cells. A representative gastric tissue
ection from an H pylori–infected adult and an infected
hild showed increased numbers of CD25�Foxp3� in the
issue from the child compared with that from the adult
Figure 2A). Among 9 children and 9 adults with similar
evels of H pylori colonization, cells with nuclear Foxp3�

taining (Figure 2B, inset) were 4-fold more prevalent in
he gastric mucosa of the children than the adults (0.87
oxp3� cells/1000 mononuclear leukocytes/biopsy vs
.21 Foxp3� cells/1000 mononuclear leukocytes/biopsy,
� .03) (Figure 2B). These findings indicate that the

educed inflammation in H pylori–infected children is
ssociated with an increased prevalence of gastric Treg
ells.

Increased Levels of Gastric TGF-�1 and IL-10
in H pylori–Infected Children Compared
With Infected Adults
To determine whether the increased number of

regs in the gastric mucosa of H pylori–infected children
as associated with increased levels of Treg cytokines

TGF-�1 and IL-10), we next quantified T-cell– derived

fected with H pylori. (A, left panels) For control staining, serial sections
e anti-CD25 antibodies followed by green fluorescence–labeled goat

uorescence–labeled goat anti-mouse IgG antibodies, and examined by
ropria CD25� cells also were Foxp3�. (A, right panels) Gastric mucosa
then anti-Foxp3 antibodies as described previously and examined by

a and multiple CD25�Foxp3� cells in the gastric mucosa of the child.
en with H pylori gastritis were enumerated as described in the Materials
nfected children was 4-fold more prevalent than in the gastric mucosa
ults in
mous
red fl
ina p
5 and
ucos

childr
a of i
n of the transcription factor.
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ytokines in the antral mucosa of the infected and unin-
ected children and adults. The level of TGF-�1 in the
astric mucosa of H pylori–infected children was more
han 2-fold higher than the level in the gastric mucosa of
nfected (and uninfected) adults (P � .01), and signifi-
antly higher than the level in the mucosa of uninfected
hildren (P � .05) (Figure 3A). Interestingly, the level of
GF-�1 in the gastric mucosa of uninfected children was
early twice as high as that of uninfected adults (P �

05), suggesting increased endogenous Treg cell activity
n the gastric mucosa of children. Because Treg cells also
roduce the immunoregulatory cytokine IL-10, we also
etermined the level of IL-10 in gastric tissue from H
ylori–infected and uninfected children and adults. The
evel of IL-10 in the antral mucosa of H pylori–infected
hildren was 2-fold more than the level in infected (and
ninfected) adults (P � .05), and nearly 3-fold more than

igure 3. Regulatory cytokine protein and mRNA in the gastric mu-
osa of H pylori– infected and uninfected children and adults. (A) Gastric
iopsy specimens from the subjects represented in Figure 1 were ho-
ogenized, centrifuged, and the supernatants analyzed by immunosor-
ent and bicinchonimic acid assays for cytokine and protein levels,
espectively. Gastric levels of TGF-�1 and IL-10 were significantly
igher in the infected children compared with the adults. (B) Cytokine
RNA expression in the gastric mucosa of H pylori–infected children

ompared with uninfected children and in the gastric mucosa of in-
ected adults compared with uninfected adults was analyzed by real-
ime PCR and expressed as fold-differences. TGF-�1 and IL-10 in
RNA levels were substantially higher in the infected vs uninfected

hildren compared with the adults; conversely, IFN-� mRNA was un-
hanged in the infected vs uninfected children and sharply increased in
he infected adults.
hat of uninfected children (P � .01) (Figure 3A). In u
ontrast, the levels of gastric IL-4 and IL-13, important
h2 cytokines, were equivalent among the groups of

ubjects, suggesting that the IL-10 cytokine response was
ot the consequence of an enhanced Th2 response. Con-
istent with these findings, gastric TGF-�1– and IL-10 –
pecific mRNA increased 26-fold and 28-fold, respec-
ively, in the H pylori–infected children compared with
he uninfected children (Figure 3B). In sharp contrast,
astric TGF-�1– and IL-10 –specific mRNA increased
nly 14-fold and 8-fold, respectively, in the infected
dults compared with uninfected adults. However, the
evel of interferon-� mRNA, which was not increased in
he infected children, was increased 26-fold in the in-
ected adults. These findings indicate an increased Treg
nd reduced Th1 response in the gastric mucosa of in-
ected children and the reverse in the gastric mucosa of
nfected adults.

CD25� and Foxp3� Cells Are the
Predominant Source of TGF-�1 in the
Gastric Tissue of H pylori–Infected Children
We previously showed that epithelial cells and

amina propria mast cells are the major source of TGF-�1
n the intestinal mucosa of healthy adults32. To deter-

igure 4. Gastric Treg cells are a source of TGF-�1. Gastric tissue
ections from a child infected with H pylori were analyzed by immuno-
uorescence and immunohistochemistry for CD25, TGF-�1, and Foxp3
s described in the Materials and Methods section. Gastric mucosa
hows colocalization of CD25 and TGF-�1 (left panels) and colocaliza-
ion of Foxp3 and TGF-�1 in a lamina propria mononuclear cell (right

pper panel), but TGF-�1 only in crypt epithelial cells (right lower panel).
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ine the source of the TGF-�1 in the gastric mucosa
uring H pylori infection, we used immunofluorescence
nd immunohistochemistry to identify TGF-�1–produc-
ng cells and Foxp3� cells in the gastric mucosa. In the
astric tissue of H pylori–infected children, TGF-�1 in the
amina propria localized to CD25� and Foxp3� cells
Figure 4). Low levels of TGF-�1 also were detected in the
pithelial cells of H pylori–infected (Figure 4) and unin-
ected subjects, consistent with our earlier studies.32 Al-
hough gastric TGF-�1 in uninfected subjects was pro-
uced mainly by epithelial cells, the TGF-�1 in the gastric
ucosa of H pylori–infected subjects was detected pre-

ominantly in Treg cells.

Discussion
H pylori is acquired predominantly in early child-

ood in inhabitants of developing countries, such as
hose of South America, where the seroprevalence of H
ylori in asymptomatic children ranges between 25% and
8%.2 In Chile, the prevalence of H pylori in asymptomatic
hildren is generally lower than in other South American
ountries,7 although among Chilean children with ab-
ominal symptoms up to 86% are infected with the
acteria.26 In sharp contrast to children in South Amer-

ca, asymptomatic young children in developed countries
re infected infrequently with H pylori4 and only 11% of
ymptomatic children are infected.33 Thus, children re-
iding in developing countries such as Chile offer a
nique opportunity to investigate the host response to H
ylori in the early stage of infection.

In our study of H pylori–infected subjects in Chile, the
ntensity of the gastritis in infected children was substan-
ially less than that of infected adults, despite equivalent
evels of H pylori colonization. In addition, fewer infected
hildren displayed gastric histopathology than infected
dults. Importantly, H pylori–infected children had sig-
ificantly less ulceration than infected adults, consistent
ith the findings of others.10,34,35 Differences in gastric
istopathology between H pylori–infected children and

nfected adults could not be attributed to differences in
ocioeconomic status or the distribution of CagA� bac-
eria because the children and adults had similar Graf-
ar25 scores (a measure of socioeconomic status) and high
evels of CagA seropositivity. Although the children may
ave had their infection for a shorter period of time than
he adults, a shorter duration of infection would not
ccount for the reduced gastritis in the children because
he onset of H pylori–induced histopathology is relatively
apid.36 Therefore, we investigated whether the reduced
nflammation in H pylori–infected children could be the
onsequence of an enhanced Treg cell response capable
f down-modulating H pylori–induced inflammation,
hich is T-cell driven.37 We report here that the antral
ucosa of H pylori–infected children contained signifi-

antly more Treg cells and higher levels of protein and

RNA for the Treg cell cytokines TGF-�1 and IL-10 m
ompared with that of infected adults (and uninfected
hildren). The TGF-�1 localized predominantly to CD25�

nd Foxp3� cells in the lamina propria in infected chil-
ren, implicating H pylori–induced Treg cells as a major
ource of the TGF-�1. Conversely, the gastric mucosa of
nfected children displayed no increase in interferon-�

RNA compared with infected adults. Interestingly, the
hildhood acquisition of H pylori is associated with re-
uced risks for asthma and allergy,38 possibly owing to
llergen induction of systemic Treg cells that localize to
he mucosa, as reported in a mouse model of dust mite–
nduced asthma.39

The findings presented here suggest that local Treg cell
ctivity in children down-regulates the Th1-mediated in-
ammation typical of H pylori–associated gastritis in
dult hosts.14 –20 This down-regulation is consistent with
he 10-fold lower level of interferon-�, a key Th1 cyto-
ine, in the gastric mucosa of children compared with
hat of adults reported by Bontems et al.36 In this con-
ection, Th1 cells are reportedly more susceptible than
h2 cells to Treg suppression.40 In support of these
oncepts, Raghavan et al41 showed in a mouse model of

pylori infection that the absence of Treg cells is asso-
iated with increased gastric pathology, and Lundgren
t al42 showed that circulating H pylori–specific Treg cells
uppress memory T-cell responses to H pylori in infected
ersons. In addition, Kullberg et al43 and Maloy et al44

ave shown that Treg cells down-modulate H hepaticus–
nduced colonic inflammation in a mouse model of in-
ammatory bowel disease through the release of TGF-�1
nd IL-10. Our findings indicate that a Treg-mediated
esponse is also active in the gastric mucosa of children
uring H pylori infection. Whether this Treg response is
ssociated with the young age of the host(s) or early H
ylori infection warrants further investigation.

H pylori has long been appreciated as a major cause of
ntral gastritis in children.45 Our results raise the possi-
ility that early events in H pylori–infected gastric mucosa
lay an important role in the progression of H pylori

nflammatory disease in young hosts, limiting more se-
ere clinical outcomes such as ulceration. Understanding
ow H pylori induces Treg cells in early infection and how
h1 cells appear to eventually override the Treg cell

nfluence on H pylori–induced inflammation in adults
arrant critical investigation. Promoting or prolonging
reg cell responses could serve to blunt the inflammatory

esponse associated with H pylori colonization and pos-
ibly the sequelae of long-term infection such as gastric
ancer. This is particularly relevant to developing coun-
ries such as Chile, where gastric cancer is the leading
ause of cancer-related mortality9 and where early H
ylori infection has been related to the development of
astric adenocarcinoma.46

H pylori has infected human beings for millennia, hav-
ng been identified in 3000-year-old South American
ummies.47 In native South American peoples, the sero-
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revalence for H pylori does not correlate with the length
f contact with the outside world,5 suggesting that H
ylori is indigenous to South American Indians and was
ot introduced by contact with outsiders. Thus, the gas-
ric Treg activity in H pylori–infected children may reflect

homeostatic mechanism by gut-associated lymphoid
issue that evolved in response to early colonization of
he human species. The loss of Treg responses in the
astric mucosa of adults, however, currently is unex-
lained and different from that observed in chronically

nfected mice.48 Nevertheless, the increased level of
GF-�1 in the gastric mucosa of uninfected children
ompared with uninfected adults shown here is consis-
ent with a pre-existing or higher set-point for Treg
esponses in children. Elucidating the role of Treg activ-
ty in H pylori–infected children will provide new insights
nto H pylori pathogenesis in early infection.
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