




FIG. 1. Histologic findings of the gastric mucosa in neonatally thymectomized (nTx) BALB/c mice with H. pylori infection. Neonatal thymec-
tomy was performed on the 3rd day after birth. nTx mice at 6 weeks old were orally infected with H. pylori and sacrificed 1, 2, 4, 8, and 12 weeks
later. (a) At the age of 18 weeks, noninfected nTx mice showed infiltration of mononuclear cells and gland atrophy characterized by loss of parietal
and chief cells, with replacement by proliferating epithelial cells. Magnification, 
50. Histologic findings of nTx mice without H. pylori infection
were not changed throughout the experiment. (e and f) In infected nTx mice, follicle formation was observed at 8 weeks after infection in 7 of 10
mice (P 	 0.05 versus noninfected nTx mice) (e), and the body mucosa clearly showed germinal center formation at 12 weeks after infection in
6 of 10 mice (P 	 0.05 versus noninfected nTx mice) (f). The photographs in panels b, c, and d show gastric histology at 1, 2, and 4 weeks after
H. pylori infection in nTx mice, respectively.
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ever, some H. pylori-positive patients develop follicular gastri-
tis with germinal centers (6), which may be an important pre-
disposing condition for MALToma (39). The mechanism by
which follicular formation occurs in H. pylori-positive chronic
gastritis is still unclear. In our histologic study, follicular gas-
tritis was the most characteristic feature in the infected nTx
BALB/c mice (26). This feature has never been observed in the
noninfected nTx mice or infected normal mice in our previous
(12, 25, 26, 31) and the present studies. Moreover, infection of
normal mice with H. pylori, in contrast to infection of nTx mice,
induced little infiltration of mononuclear cells in the gastric
mucosa (26). These findings suggest that host factors play
important roles in the development of gastritis and even fol-
licular formation after H. pylori infection. Supporting this idea,
recent studies with the H. felis (5, 21) or H. pylori (17) mouse

model demonstrated that inflammation of the stomach was
severe in C57BL/6J but weak in BALB/c mice. The C57BL/6J
mouse is known to be a Th1-dominated strain for intracellular
infections such as those by Leishmania major, whereas the
BALB/c mouse is believed to be Th2 dominated (9). Indeed, in
the case of Helicobacter infection, gastric inflammation seems

FIG. 2. Flow cytometric analysis of mononuclear cells infiltrating
the gastric mucosa of nTx mice after H. pylori infection. Infected nTx
mice were sacrificed 1, 2, and 4 weeks later. Infiltrating mononuclear
cells were collected from the whole stomachs of three mice at each
time point. (a) The panel shows that neutrophils were transiently
increased at 1 week after H. pylori infection (P 	 0.05 versus nonin-
fected nTx mice; 2.7, 8.6, 2.9, and 0.3% at 0, 1, 2, and 4 weeks,
respectively). Panels b and c show that the ratios of both macrophages
(3.4, 4.0, 4.1, and 4.0% at 0, 1, 2, and 4 weeks) and �� T cells (3.5, 1.8,
4.7, and 2.9% at 0, 1, 2, and 4 weeks) were not significantly changed by
H. pylori infection. The data are representative of three separate ex-
periments and are expressed as the percentage of all of the infiltrating
cells.

FIG. 3. RT-PCR of various cytokine mRNAs in the gastric mucosa
after H. pylori infection. IFN-� mRNA was present in nTx mice, but its
expression was not altered by H. pylori infection. LT-�, TNF-�, and
IL-4 gene expressions were upregulated in all infected nTx-mice at 1,
1, and 2 weeks after infection, respectively. There were no differences
in the gene expression of the IL-7 and IL-7R genes between infected
and noninfected nTx mice. N, noninfected normal (non-nTx) mice;
nTx, noninfected nTx mice at 18 weeks old. The designations 1w, 2w,
4w, 8w, and 12w refer to 1, 2, 4, 8, and 12 weeks, respectively, after
infection in nTx mice.

TABLE 1. Comparison of cytokine gene expressions in the
stomachs of nTx mice with or without H. pylori infection

as determined by RT-PCR

Cytokine Groupa
Positive prevalence

(no. of animals positive/
total no. of animals)

Relative intensity
of mRNAb � SD

IFN-� nTx 8/8 469.00 � 109.00
nTx�Hp 10/10 488.95 � 96.23

IL-7 nTx 8/8 153.45 � 17.97
nTx�Hp 10/10 109.33 � 33.26

IL-7R nTx 8/8 404.73 � 43.70
nTx�Hp 10/10 519.42 � 61.39

IL-4 nTx 1/8 30.15 � 32.01
nTx�Hp 8/10 168.80 � 17.57

TNF-� nTx 6/8 91.34 � 32.90
nTx�Hp 7/7 237.68 � 39.73

LT-� nTx 2/8 65.93 � 36.97
nTx�Hp 9/10 181.29 � 41.61

a nTx, thymectomized mice without H. pylori infection; nTx�Hp, thymecto-
mized mice with H. pylori infection.

b Values are means � the standard deviations. The densities of the bands were
measured by an image autoanalyzing system (Fotodyne, FOTOanalyst, and Ar-
chive ECLIPSE) and corrected by using the �-actin density of each sample.
Samples were obtained from the mouse stomachs 12 weeks after H. pylori infec-
tion. For the last three pairs of values (i.e., for IL-4, TNF-�, and LT-�), the
values for the infected animals were significantly different (P 	 0.05) from the
values for the noninfected nTx mouse group as calculated by using the Wilcoxon
t test.
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to be predominantly associated with Th1 response (11, 22). It
appears reasonable that H. pylori infection induced severe gas-
tritis in nTx BALB/c mice, because the microenvironment in
the stomach changes to be Th1 dominant by nTx (13, 25).

At the early stage of H. pylori infection in this study, neu-
trophils in the gastric mucosa transiently increased at 1 week
and then decreased in a time-dependent manner. These find-
ings confirmed that neutrophils are mainly involved in the
acute phase of the reaction against H. pylori infection and not
in the chronic phase (4, 23). Macrophages and �� T cells are
thought to play important roles in the local immune responses
to bacterial antigens, including H. pylori (30, 34, 35). However,
the distribution of macrophages and �� T cells has been poorly
explored in the H. pylori-infected gastric mucosa (8, 30, 33, 34).
Our previous and present studies have shown that macro-
phages mainly infiltrated at the bottom of gastric mucosa of
nTx mice after H. pylori infection, although their numbers and
ratios did not significantly change (12, 25, 26, 31). On the other
hand, �� T cells in the gastric mucosa were not changed after
infection, which suggested that �� T cells were not mainly
involved in the early stage of H. pylori-infected gastritis.

Among the infiltrating mononuclear cells, B cells increased
in numbers, along with formation of the germinal center at 12
weeks after H. pylori infection in the nTx mice. Th2 cytokines
such as IL-4 take important roles of maturation and prolifer-
ation of B cells (2). IL-4 knockout mice lack intestinal Peyer’s
patches, which suggests that the Th2 cytokines are involved in
the development of constitutive lymph follicles (36). However,
the actual roles and direct linkage of the Th2 responses to
acquired follicular formation are still not established. In the
previous study, we showed that Th2 cytokines as well as Th1
cytokines were involved in the development of follicular gas-
tritis after long-standing H. pylori infection with respect to
Th1/Th2 ratio (26). This suggested that similar to constitutive
germinal centers (32), a synergistic effect of Th1 and Th2
cytokines may be important in the formation of secondary
follicles in the H. pylori-infected stomach. However, it was still
unclear whether additional molecules besides Th1 and Th2
cytokines are involved in these characteristic histologic
changes or not. Recently, it has been shown that, in addition to
Th2 cytokines, several molecules, such as TNF-�, TNF-R, LT-
�/�, IL-7, and IL-7R, are involved in the development of
splenic follicular dendritic cell clusters, lymph nodes, Peyer’s
patches, or the primary germinal centers (3, 10, 14, 15, 19, 28,
29). However, the mechanisms of organogenesis in these lym-
phoid organs are not identical. TNF signaling through the
TNF-R is essential for the formation of secondary lymphoid
tissues (29). IL-7- or IL-7R-deficient mice lack the Peyer’s
patches but possess the cecal and colonic patches (37). In
contrast, LT-�-deficient mice completely lack germinal centers
in the gastrointestinal tract, suggesting that LT-�/� may have a
crucial role in the formation of germinal centers in the gut-
associated lymphoid tissue (3, 14). The present study showed
that in addition to IL-4, a Th2-type cytokine, gene expressions
of TNF-� and LT-� were upregulated in the H. pylori-infected
nTx mice compared to those in noninfected nTx mice, while
neither the expression of the IL-7R gene nor the expression of
the IL-7 gene was changed. Taken together, these results show
that Helicobacter infection can induce follicular gastritis only in
mice with autoimmune gastritis, which requires Th1 cytokine-

mediated process, and not in normal BALB/c mice. This indi-
cated that the cytokine milieu induced by autoimmune gastritis
might have an effect on the development of gastric secondary
follicles in chronic Helicobacter infection. Recently, it has been
reported that a CXC chemokine called B-cell-attracting che-
mokine 1 (BCA-1) in humans (18) and B-lymphocyte chemoat-
tractant (BLC) in mice (7) is important for the development of
B-cell areas of secondary lymphoid tissues. Mazzucchelli et al.
investigated whether BCA-1 was induced in chronic H. pylori
gastritis and involved in the formation of lymphoid follicles and
MALToma (20). Although we did not investigate BLC in the
present study, LT and TNF were shown to have a regulatory
role in the upstream of BLC (24). Therefore, it is reasonable
that LT and TNF are also key molecules in the development of
the lymphoid follicles in the stomach.

In conclusion, the cytokine milieu induced by autoimmune
gastritis might and cooperative roles of LT-�, TNF-�, and Th1
and Th2-type immune responses may be involved in the devel-
opment of gastric secondary follicles by H. pylori infection.
Further studies are needed to clarify the precise mechanism
for the acquired formation of germinal centers in the stomach
by H. pylori infection.
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