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Summary. Autoimmune gastritis in humansis a chronic
inflammatory disease of the stomach accompanied by
specific destruction of gastric parietal and zymogenic
cells resulting in pernicious anemia. Human gastritis can
be accurately reproduced in mice and is characterised by
autoantibodies to the a- and B-subunits of the gastric
H/K ATPase (the enzyme responsible for gastric acid
secretion) and cellular destruction of parietal and
zymogenic cells within the gastric gland. Studies with
these mouse models have given us our current concepts
of the immunopathogenesis of the gastritis. Mouse
models have shown that a T cell response isgenerated to
the a- and B-subunits of the H/K ATPase and that an
immune response to the B-subunit seems to be required
for disease initiation. Using these models, we have
defined key events associated with a damaging
autoimmune response to the gastric H/K ATPase. The
mechanisms associated with the cellular destruction
associated with autoimmune gastritis are not know, but
may involve signaling through death inducing pathways
such as the Fas/FasL. and TNF/TNFR pathways. This
knowledge should permit us to develop strategies to
prevent and treat the gastritis.
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Autoimmune gastritis and percinicious anemia

Autoimmune gastritis in humansis an organ-specific
autoimmune disease belonging to a group of organ-
specific diseases known as the "autoimmune
endocrinopathies". These include diseases mainly
involving endocrine organs such as the stomach
(autoimmune gastritis and pernicious anaemia), thyroid
(thyroiditis), the islets of Langerhans (autoimmune
diabetes) and the adrenal cortex (Addison's disease).
Human autoimmune gastritis (chronic atrophic gastritis
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type A) is the underlying cause of pernicious anaemia.
The gastritis is restricted to fundus and the body of the
stomach which contain the acid-secreting gastric parieta
cells. This isin contrast with non-autoimmune (chronic
atrophic gastritis type B) gastritis which involves the
antrum of the stomach as well as the fundus and body,
and which is typically associated with Helicobacter
pylori infections. Human autoimmune gastritis is
associated with circulating autoantibodies to gastric
parietal cells and to intrinsic factor. However, the
distinction between the two types of gastritis based on
the presence or absence of circulating autoantibodies
may not be absolute with recent findings of parietal cell
autoantibodies associated with Helicobacter pylori
infection (Appelmelk et a., 1998).

It has recently been reported that up to 2% of
persons of over the age of 60 may have undiagnosed
pernicious anaemia (Carmel, 1996). The disease is not
restricted to any particular racial group because it has
been reported in Northern Europeans, Black and Latin
Americans (Carmel, 1992). The natural history of
autoimmune gastritis leading to pernicious anaemia
suggests that the progression of disease is over a long
period of time; probably in the order of 20-30 years.
Autoimmune gastritis can be predicted by the presence
of circulating autoantibodies to parietal cells whereas
antibodies to intrinsic factor is typically associated with
pernicious anemia (Toh et al., 1997). Histologically,
stomachs from patients with pernicious anaemia show a
mononuclear cell infiltrate in the submucosa which
extends into the lamina propria between the gastric
glands. The gastric gland is composed of numerous cell
types including the parietal, zymogenic (chief) and
surface mucous cells (Fig. 1). In addition, endocrine and
mucous neck cells are also present. Parietal cells are
responsible for acidification of the gastric juices by the
pumping of H+ ions into the stomach lumen. The
exchange of H+ ions for K* ions is performed by the
gastric H/K ATPase which is located on the secretory
canaliculus of the parietal cell which forms a continuous
membrane with the apical surface of the parietal cell
(Pettitt et al., 1995). The zymogenic cells secrete
pepsingogen which is converted to the digestive enzyme
pepsin in the acidic environment of the stomach. The
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Table 1. Experimental conditions which result in autoimmune gastritis in mice.

EXPERIMENTAL PROCEDURE

REFERENCES

Lymphopenic
1. Neonatal thymectomy
2. Neonatal administration of cyclosporin A
3. High dose fractionated total lymphoid irradiation
4. Adult thymectomy combined with cyclophoshamide treatment
5. Single TCR a-chain transgenic mice
6. CD4+ CD25- T cell transfer to T cell deficient mice
7. Thymus/thymocyte transfer to T cell deficient mice

Non-lymphopenic
8. Immunisation with autoantigen

9. Spontaneous development in C3H/He mice

Kojima and Prehn, 1981; Tung et al., 1987a; Gleeson and Toh, 1991
Sakaguchi and Sakaguchi, 1989

Sakaguchi et al., 1994a

Barrett et al., 1995

Sakaguchi et al., 1994b

Sakaguchi et al., 1985, 1995; Smith et al., 1992

Sakaguchi and Sakaguchi, 1988; Smith et al., 1992; Alderuccio et al., 1993

Wantanabe et al., 1977; Kontani et al., 1992; Alderuccio et al., 1997; Scarff
et al., 1997; Claeys et al., 1997
Alderuccio and Toh, 1998

surface mucous cells are located at the interface of the
stomach wall and lumen and secrete protective
bicarbonate and mucus to protect the gastric lining.
Endocrine cells produce a variety of hormones which act
upon cells within the gastric mucosa (Simonsson et al.,
1988). Mucous neck cells comprise a population of cells
which include stem cells responsible for the generation
of the cells types found in the gastric glands.

Parietal cell antibodies react with the gastric H/K
ATPase

A major advance in our understanding of the
immunopathology of autoimmune gastritis was the
demonstration that the gastric H/K ATPase (or proton
pump) is the autoantigen reactive with human parietal
cell autoantibody (Karlsson et al., 1988; Goldkorn et al.,
1989; Toh et al., 1990; Callaghan et al., 1993). The
gastric H/K ATPase is a heterodimer compring a 100
kDa a-subunit and a 60-90 kDa B-subunit located in the
secretory canaliculi of the cell (Pettitt et al., 1995) (Fig.
2). The a-subunit is the catalytic subunit which is
phosphorylated during each reaction cycle in which
extracellular K* ions are exchanged for intracellular H*
ions. This process can occur over a million fold gradient
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Fig. 1. Schematic representation of stomach section and gastric glands
which comprise the gastric mucosa. The composition of the gastric
gland includes parietal cells, zymogenic cells, mucous neck cells and
surface mucous cells as illustrated.

and consumes large amounts of energy, which explains
the large number of mitochondria present in parietal
cells (Helander and Keeling, 1993). The B-subunit of the
H/K ATPase is highly glycosylated and aids in the
stabilization of the a-subunit (Geering, 1991; Jaunin et
al., 1993) and is required for acid secretion (Scarff et al,
1999). In human autoimmune gastritis and pernicious
anaemia, as well as in animals models of autoimmune
gastritis (see below), autoantibodies are generated to
both the a- and B-subunit of the gastric H/K ATPase
(Callaghan et al., 1993).

Animal models of human autoimmune gastritis

Our understanding of the immunopathology of
autoimmune gastritis has come from the study of mouse
models. Several mouse models of experimental
autoimmune gastritis (EAG) have been described. These
mouse models can be divided into two broad groups on
the basis of whether they involve a state of lymphopenia
or not (Table 1). The best characteristed lymphopenic
model is that induced by surgical removal of the thymus
from 2-4 day old BALB/c mice (Fig. 3A). This
procedure of neonatal thymectomy induces autoimmune
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Fig. 2. The gastric parietal cell secretes H+* ions into the stomach lumen
in exchage for K* ions. The cytoplasm of these cells contains an
extensive network of secretory membranes in which the H/K ATPase
heterodimer is located. Transport of H* ions across parietal cell
membrane requires energy, explaining why parietal cells are
mitochondria rich. The gastric H/K ATPase is composed of a 100 kDa
catalytic a-subunit and a 60-90 kDa highly glycosylated B-subunit. lon
transport is conducted through the a-subunit while the B-subunit confers
stability to the assembly of the a- and B-subunits (Scarff et al., 1999).
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Fig. 3. A. Experimental autoimmune gastritis can be induced in BALB/c and BALB/cCrSIc mice by removing the thymus 3 days after birth. Eight to ten
weeks following thymectomy the presence of gastritis can be predicted by circulating autoantibodies to gastric parietal cells and confirmed by the
presence of a mononuclear cell infiltrate in the gastric mucosa. B. Reactivity of serum from a mouse with EAG on normal mouse stomach section.
Parietal cells are stained green displaying reactivity with intracellular parietal cell membranes. C. Haemotoxylin and eosin staining of formalin fixed,
paraffin-embedded gastritic stomach. Gastritis is characterised by a prominent mononulcear cell infiltrate in the lamina propria between gastric glands
(arrowed) accompanied by loss of parietal and zymogenic cells and mucosal hypertrophy. Bar: 100 um.
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gastritis in 40-60% of BALB/c mice and to a lesser
extent autoimmune oophoritis or autoimmune orchitis
(Kojima and Prehn, 1981; Fukuma et al., 1988). More
recently, we have favoured the use of a BALB/cCrSlc
substrain obtained from Tohru Masuda in which greater
than 90% of mice develop autoimmune gastritis
following neonatal thymectomy (Alderuccio et al.,
1995). A peculiarity of neonatal thymectomy is that the
induced autoimmune disease is strain specific with
different strains of mice developing different
autoimmune diseases (Kojima and Prehn, 1981). These
observations suggest a genetic basis for susceptibility of
the development of an autoimmune disease affecting a

particular organ following neonatal thymectomy. This
suggestion is supported by the mapping of gastritis-
susceptibility genes to two regions on the distal arm of
chromosome 4, designated Gasal and Gasa2 (Silveira et
al., 1999). Neonatal thymectomy of BALB/C and
BALB/cCrSlc mice induces parietal cell specific
autoantibodies (Fig. 3B) and a mononuclear cell
infiltrate within the gastric mucosa (Fig. 3C, 4B). The
gastritis is associated with parietal and zymogenic cell
loss and hypertrophy of the gastric mucosa (Tung et al.,
1987b; Fukuma et al., 1988). Furthermore, the parietal
cell autoantibodies are directed to the a- and B-subunit
of the gastric H/K ATPase (Jones et al., 1991). Apart

Figure 4. Histological staining of
paraffin-embedded normal (A, C) and
gastritic (B, D) stomachs by
Haemotoxylin and Eosin (A, B) or by a
modified Maxwell stain (C, D). Normal
stomach (A) shows zymogenic (Z),
parietal (P) and surface mucous cells
(M). Gastritic stomach (B) are
characterised by mononuclear cell
infiltrates (arrowed). Normal stomach
(C) identifies parietal cells which stain
blue (P) from zymogenic cells which
stain purple-pink (Z). In gastritic
stomachs (D), parietal and zymogenic
cell staining is reduced due to loss of
these cells and replacement by mucus
secreting cells which stain yellow. Bar
100 um.
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Table 2. Features of human autoimmune gastritis and pernicious anaemia compared to mouse autoimmune gastritis .

HUMAN GASTRITIS

MOUSE GASTRITIS

REFERENCE

-

. Autoantibodies reactive with parietal cell H/K ATPase Yes

2. Autoantibodies reactive with intrinsic factor Not Definitive
3. Parietal and zymaogenic cell loss from gastric mucosa Yes

4. Mononuclear cell infiltrate within gastric mucosa Yes

5. Achlorhydria (lack of gastric acid) Yes

6. Association with other autoimmune diseases Yes

7. Increased serum gastric levels Yes

8. Gastric cancer predisposition Unknown

9. Megablastic anaemia Yes

10. Atrophy of gastric mucosa No*

Tung et al., 1987a; Fukuma et al., 1988; ; Mori et al., 1989;
Jones et al., 1991

Sakaguchi et al., 1985; Tung et al., 1987a; Fukuma et al., 1988
Kojima et al., 1980; Scarff et al., 1997; Judd et al., 1999

Tung et al., 1987b; Fukuma et al., 1988; Alderuccio et al., 1995
Sakaguchi et al., 19%4a

Kojima and Prehn, 1981; Sakaguchi et al., 1985; Sakaguchi and
Sakaguchi, 1990; Gleeson et al., 1996;

Kubota et al., 1986

Kojima et al., 1980

*. in contrast to human autoimmune gastritis, mouse models of autoimmune gastritis develop a distinct hypertrophy of the gastric mucosa which is
probably the result of accumulation of immature cells within the gastric glands (Judd et al., 1999).

from hypertrophy of the gastric mucosa which is not
associated with human autoimmune gastritis, many of
the major features of human and murine autoimmune
gastritis are identical (Table 2). As such EAG has proven
to be an excellent model for the study of autoimmune
gastritis and organ-specific autoimmunity in general
(Gleeson et al., 1996; Toh et al., 1997).

The pathology of EAG is similar to that of human
autoimmune gastritis. The chronic inflammatory lesion
within the gastric mucosa (Fig. 4) is associated with a
mononuclear cell infiltrate and destruction of parietal
and zymogenic cells. As a result, there is expansion of
smaller immature cells within the gastric gland which
are rich in mucus substances (Scarff et al., 1997; Judd et
al., 1999). Histologically, regions of tissue destruction
and cell replacement can be readily identified by the use
of a modified Maxwell’s stain (Beinborn et al., 1993;
Scarff et al., 1997) (Fig. 4C,D). The procedure uses a
series of dyes which allow the differential identification
of parietal, zymogenic and mucus secreting cells. As
illustrated in Figure 4C and D, these three regions are
easily distinguished. Parietal cells stain blue due to the
affinity of luxol fast blue for the phospholipids in the
secretory membranes and mitochondria. Zymogenic
cells are rich in rough endoplasmic reticulum and stain
purple-pink due to affinity of pyronin for RNA. Finally,
alcian yellow identifies areas rich in mucus by staining
yellow the carbohydrates present in surface mucous cells
and the immature mucus rich cells which in the gastric
glands of mice with EAG.

Experimental autoimmune gastritis is a CD4+ T cell
mediated disease. This has been well documented in
both transfer and depletion studies (Sakaguchi et al.,
1985; Smith et al., 1992). CD8+ T cells play no role in
the induction of autoimmune gastritis (De Silva et al.,
1998). This is supported by studies that have detailed the
genesis of EAG by examining the cells that infiltrate the
gastric lesion of mice. The first signs of an inflammatory
infiltrate are detected at about 4 weeks post-thymectomy
in which there is an influx of CD4+ T cells and

macrophages (Martinelli et al., 1996) which increases
with time. Within the gastric lesions, a number of T cell
secreted cytokines can be identified by immuno-
histochemistry including IFN-y, IL-10, TNFa and GM-
CSF but not IL-4 (Martinelli et al., 1996). These findings
together with the observations that gastric T cells
produced more IFN-y than normal mice and that
neutralising antibodies to IFN-y prevents EAG (Barrett
et al., 1996), suggest that EAG is a Th1 mediated
disease. There is little change in the number of gastric-
infiltrating CD8+ T cells over the course of the disease.
B cells are also observed in the gastritis lesion and
become greatly accentuated in the latter stages of disease
(Martinelli et al., 1996). This coincides with the
observation of follicles within the gastric mucosa which
are surrounded by T cells and may represent the
generation of functional lymphoid follicles (Ludewig et
al., 1998).

The gastric H/K ATPase is the causative antigen of
gastritis

Our knowledge of the causative T cell autoantigen of
EAG came through the use of transgenic technology. We
generated transgenic mice in which the H/K ATPase a-
or B-subunit were ectopically expressed in the thymus
under the control of the MHC class 11 I-EKa promoter
(Fig. 5). This strategy was applied so as to render
autoreactive T cells developing within the thymus
tolerant when they encounter these subunits presented by
thymic MHC class Il bearing antigen presenting cells
(Blackman et al., 1990). Mice were then tested for
development of EAG following neonatal thymectomy.
Transgenic expression of the H/K ATPase B-subunit in
the thymus (IE-H/KB tg) completely abrogated the
induction of EAG following neonatal thymectomy
(Alderuccio et al., 1993). In contrast, transgenic
expression of the H/K ATPase a-subunit did not alter the
course of disease (Alderuccio et al., 1997). It should be
noted that whereas the H/K ATPase a subunit is
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expressed in the normal thymus the 8 subunit is not.
These IE-H/KB transgenic mice are also resistent to the
initiation of gastritis by other methods including
immunisation with autoantigen (Alderuccio et al., 1997),
adult thymectomy combined with cyclophosphamide
treatment (Barrett et al., 1995) and in single TCRa-chain
transgenic mice which develop gastritis on a BALB/c
background (F. Alderuccio, unpublished data).

These results suggest that an immune response (o
the H/K ATPase B-subunit is crucial for disease
induction. This has recently been confirmed in a knock
out mouse model in which expression of the gastric H/K
ATPase B-subunit has been prevented by gene targeting.
H/K ATPase B-subunit knock out mice do not develop

Gastric
H/K ATPase

a-subunit B-subunit
74 \

Transgenes constructed by ligating H/K ATPase a- or f3-subunit
DNA to MHC class Il I-Eko. promoter

e N
H/K ATPase H/K ATPase
I-Ekar o-subunit 1-Ekat B-subunit
[ Generate transgenic mice l

le i@%
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1 | 1
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NEONATAL THYMECTOMY
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AUTOIMMUNE  AUTOIMMUNE NO DISEASE
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Fig. 5. Transgenic models demonstrating that an immune response to
the H/K ATPase B-subunit is required for initiation of gastritis.
Transgenic mice were produced expressing either the gastric H/K
ATPase a- or B-subunit under control of the MHC class Il I-Eka
promoter, to drive expression of these subunits in the thymus (note that
thymuses from non transgenic mice express the gastric H/K ATPase a
subunit but not the B subunit). Transgenic mice were subjected to
neonatal thymectomy and assessed for development of gastritis at 10
weeks. |IE-H/KB-transgenic were resistant to gastritis induction whereas,
|IE-H/Ka-transgenic mice and non-transgenic littermates develop
gastritis at the expected frequency. A second autocimmune disease,
oophoritis which is also induced in BALB/c mice by neonatal
thymectomy was not abrogated in IE-H/KB-transgenic mice indicating
the specificity of the response. These studies indicate that an immune
response to the H/K ATPase B-subunit is required for initiation of
autoimmune gastritis.

EAG following neonatal thymectomy (K Scarff et al.,
unpublished data) confirming the importance of the 8-
subunit in disease initiation. A major gastritogenic
epitope on the H/K ATPase B-subunit has been
indentified and maps to a 14 amino acid region in the C-
terminus (de Silva et al., 1999). However, it is clear from
the literature, that T cell responses are generated to both
the a- and B-subunits (Nishio et al., 1994; Katakai et al.,
1997; Suri-Payer et al., 1999) with perhaps the response
to the a-subunit dominating the autoimmune response in
the established disease (Suri-Payer et al., 1999).
Together, these findings suggest that the pathogenesis of
EAG is initiated by an immune response to the gastric
H/K ATPase B-subunit with subsequent spreading of the
immune response to include the H/K ATPase a-subunit.
Epitope spreading has been observed in other models of
autoimmunity (Lehmann et al., 1992; Tisch et al., 1993)
and more recently there is evidence that the immune
response to the initiating antigen in EAE is diminished
or lost with time (Tuohy et al., 1999).

We have recently generated TCR transgenic mice
with specificity for the major gastritogenic peptide
H/KB261-274 (Alderuccio et al., 2000). The T cell
repertoire in these TCR transgenic should be dominated
by T cells reactive with the H/K ATPase B-subunit
peptide. While we might have expected these mice to
develop florid gastritis, this was not the case. In fact only
a minority of mice developed spontaneous EAG, while
the lymphocytes from all the TCR transgenic mice tested
proliferated in vitro to the H/K8 peptide. Findings such
as these highlight the role of tolerance mechanisms
which prevent the immune system from widespread
autoaggression. These mice should prove very useful in
further defining the mechanisms which induce
autoimmunity and immunological tolerance to the
gastritogenic peptide.

Parietal cell destruction in autoimmune gastritis

Relatively little is known about the mechanisms
associated with the cell destruction observed in EAG.
While the pathogenic lesion associated with EAG is
mediated by CD4+ T cells and increased apoptosis, how
the damage is initiated and whether other non-
lymphocytic cell types are involved is not known.
However, detailed analysis of gastritic stomachs has
shown that the depletion of parietal and zymogenic cells
associated with gastritis is accompanied by an
accumulation of immature, rapidly dividing cells of
which the majority die by apoptosis (Judd et al., 1999).
The hypertrophy associated with EAG is due to the
accumulation of these immature cells in which the
normal development of parietal and zymogenic cells
appear to be blocked. It remains possible that the
associated depletion of zymogenic cells from gastritic
stomachs may not be entirely immunological in nature
but rather a consequence of the disease since they may
stem from a common precursor within the gastric
mucosa (Judd et al., 1999).
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Recently, the role of Fas (CD95) and TNFa as
mediators of cell death has been examined in several
models of autoimmunity and in human disease. Fas/FasL
has been implicated in several autoimmune disorders
(reviewed by De Maria and Testi (De Maria and Testi,
1998)) including diabetes in NOD mice (Chervonsky et
al., 1997; Itoh et al., 1997) and EAE (Sabelko et al.,
1997; Waldner et al., 1997). Fas has also been implicated
in EAG in which Fas expression has been observed on
parietal cell from gastritic stomachs (Nishio et al., 1996).
We have also observed the upregulation of Fas in
parietal cells of gastritic mice and the absence of EAG in
neonatally thymectomised Ipr BALB/cCrSlc mice
(Marshall et al., unpublished data). Therefore, the
expression of Fas on parietal cells may induce cell death
and be triggered by FasL on infiltrating T cells, FasL
released by proteolysis from T cell membranes or FasL
expressed on adjacent epithelial cells within the gastric
gland (Fig. 6). While this data supports a role for Fas in
autoimmune disease a recent study has questioned this
role (Allison and Strasser, 1998).

The TNF family comprises TNFa, TNF@ and
lymphotoxin  and signals through two receptors,
TNFRI (p55) and TNFRII (p75). While TNFa signaling
can result in cell death, TNFa also has pro-inflammatory
activity resulting in upregulation of adhesion molecules

CD4
T cell

Macrophage

Induction of J
Fas expression Other
on parietal cells *— inflammatory cells

Symbols
Fas ligand (CD95L)

Fas (CD95)
MHC class |l
T cell receptor
TNFRI {p55)
TNFRII (p75)

RENET,

Death signal

Fig. 6. Speculative models of parietal cell death in gastritis initiated by
TNF and/or FasL. Parietal cell death may be initiated by one or more of
the following mechanisms: (1) TNF released by CD4+ T cells and
macrophages engage TNFRI and RIl on parietal cells; (2) FasL present
on parietal cells or (3) on CD4 T cells, or soluble Fas L released from
CD4 T cell membranes, engage Fas upregulated in gastritic parietal
cells by as yet unknown mechanisms.

and induction of other pro-inflammatory cytokines.
TNFa has been identified in the gastric lesion of mice
with EAG (Martinelli et al., 1996), but little is known of
its role in the pathogenesis of autoimmune gastritis. In
human patients, the use of neutralising antibody to
TNFa in treating rheumatoid arthritis (Feldmann et al.,
1997) indicates that TNFa is involved in tissue
destruction. This is further supported in animal models
in which mice transgenically expressing TNFa in the
CNS develop a more severe, non-remitting form of EAE
while mice lacking TNFa have a delayed onset of EAE
(Kroner et al., 1997; Taupin et al., 1997). At present, the
role of TNFa in EAG is not known but may have a role
in tissue destruction (Fig. 6). However, it has been
observed that TNFa can have opposing cffects
depending on the timing of administration. For example,
in the NOD mouse model of diabetes, TNFa
administered to neonatal mice accelerates disease, but if
administered to adult mice, disease is suppressed (Cope
et al., 1997). Clearly more studies are needed to
understand this paradoxical effect.

Regulatory CD4 T cells

While central tolerance of autoreactive T cells
effected through clonal deletion within the thymus is
well established (Kruisbeek and Amsen, 1996), the
mechanisms for the maintainance of tolerance to self
antigens in the periphery remains largely unknown.
Proposed mechanisms of peripheral tolerance include
clonal deletion, anergy, ignorance and regulation
(Kruisbeek and Amsen, 1996; Mason and Powrie, 1998).
Recently, the study of immunoregulation by
CD4+CD25+ T cells has become a topic of much
interest. Sakaguchi originally showed that pathogenic
CD4 T cells reside in the CD25- population since
depletion of the CD25+ subset from pooled spleen and
lymph node preparations from normal mice rendered the
CD25- cells pathogenic when transferred to T cell
deficient hosts (Sakaguchi et al., 1995). On the other
hand, the regulatory cells appear to reside in the
CD4+CD25+ population because EAG can be prevented
by this populaton following neonatal thymectomy or by
co-transfer of this population together with the
pathogenic CD4+CD25- cells into T cell-deficient mice
(Suri-Payer et al., 1998). Thus, the normal T cell
repertoire appears to be composed of both pathogenic
and regulatory CD4+ T cells. CD4+CD25+ regulatory T
cells are positively selected within the thymus where
they comprise 5-10% of the mature CD4+CDS8- T cells
(Itoh et al., 1999). They appear to be a unique lineage of
cells selected within the thymus and cannot be generated
by inducing CD25 expression on naive T cells (Suri-
Payer et al., 1998). The finding that CD4+CD25+ T cells
do not leave the thymus until 3 days of age supports the
hypothesis that the spectrum of autoimmune diseases
observed in neonatal thymectomy mouse models is due
to the absence of these cells (Asano et al., 1996);
although this has been disputed (Suri-Payer et al., 1999).
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Recently, elegant in vitro studies have given us insights
into the nature of the CD4+CD25+ regulatory cells
(Takahashi et al., 1998; Thornton and Shevach, 1998;
Itoh et al., 1999). The CD4+CD25+ regulatory cells are
naturally anergic and do not proliferate following
stimulation with IL-2, con A, anti-CD3 or anti-CD28
antibody (Takahashi et al., 1998; Thornton and Shevach,
1998; Itoh et al., 1999). In vitro, CD4+CD25+ cells
suppress the proliferation of CD4+CD25- following
stimulation with conA or soluble anti-CD3. For their
suppressive effect, CD4+CD25+ cell require signaling
through the TCR and cell-to-cell contact with a third
party antigen presenting cell (APC) (Thornton and
Shevach, 1998; Itoh et al., 1999). While it is still not
clear how the CD4+CD25+ cells exert their effect,
studies have shown that suppression is not mediated by
IL-4, IL-10, TGFB or other soluble factors (Thornton
and Shevach, 1998; Itoh et al., 1999). In addition, if
suppression is mediated through competition on the
surface of the APC for antigen or co-stimulation, it does
not involve CD28 or CD40L since CD4+CD25+ T cells
from CD28-/- and CD40-/- mice still display suppressive
activity (Thornton and Shevach, 1998).

The generation of CD4+ regulatory cells within the
thymus seems to require the expression of endogenously
rearranged TCRs. This is evident in the TCR transgenic
model for EAE in which mice develop spontaneous
autoimmune encephalomyelitis on a Ragl-/- or TCRa-
chain -/- background where there are no endogenously
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Fig. 7. Key stages associated with the development of autoimmune
gastritis. (1) Following activation by a local inflammatory response,
antigen presenting cells take up gastric H/K ATPase autoantigens,
upregulate MHC-Il and co-stimulatory molecules and migrate to local
draining paragastric lymph node. (2) Activated antigen presenting cells
in turn activate effector CD4 T cells and abrogate suppressor activity of
regulatory CD4 T cells. (3) Activated effector CD4+ T cells leave the
lymph node and home to the stomach where they bind to the
endothelium of gastric blood vessels using adhesion molecules and
traverse the gastric mucosa along a chemotactic gradiant provided by
chemokines. (4) Once within the tissue, effector CD4+ T cells together
with other inflammatory cells such as macrophages destroy parietal and
zymogenic cells.

rearranged TCR a-chains (Olivares-Villogomez et al.,
1998; Van de Keere and Tonegawa, 1998). Similarly,
Sakaguchi has also shown in TCR-transgenic mice that
thymic CD4+CD25+ cells contain a high proportion of
cells expressing endogenous TCR a-chains (Itoh et al.,
1999) and we have found that the CD4+CD25+ thymic
population is not generated in TCR-transgenic mice
crossed onto TCRa-chain -/- mice (Alderuccio,
unpublished data). It is still unclear how expression of
endogenous TCR a-chains results in selection of these
CD4+CD25+ regulatory cells. It may be non-specific
effects which alter the TCR signaling of the cell during
thymic selection such that it is not deleted and able to
escape into the periphery. Alternatively, selection of the
CD4+CD25+ cells is dependant on the TCR generated
by expression of endogenous TCR a-chains which
would indicate that specific ligands may be involved.
Whatever the reason, phenotypic analysis of
CD4+CD25+ cells suggests that they may be partially
activated and recently selected (Itoh et al., 1999). It is
clear that understanding the selection and mechanisms
associated with CD4+CD25+ regulatory cell will
continue to be an area of much interest. By
understanding the mechanisms associated with
regulation induced by these cells and their role in
maintaining immune regulation, we can begin to device
strategies aimed at enhancing or re-establishing
tolerance in autoimmune diseases or damping their
capacity to enhance the immune response to antigens.

Conclusions

In summary, our understanding of the initiation and
progression of autoimmune gastritis has come a long
way over the last 10 years. We propose that the gastritis
is initiated by an autoimmune response to the H/K
ATPase B-subunit with subsequent intermolecular
spreading to the H/K ATPase a-subunit. This knowledge
has therapeutic implications. Thus, while limiting the
immune response to the H/K ATPase 3-subunit may be a
good strategy for preventing autoimmune gastritis, this is
likely to have little effect in the established disease since
the pathogenic T cell response is likely to be also driven
by autoepitopes of the H/K ATPase a-subunit. In
established gastritis therefore we will need to devise
strategies for limiting the autoimmune response driven
by both the a as well as the 8 subunit.

EAG appears to be a disease mediated solely by Thl
type CD4+ T cells. There is no evidence of a role for
CD8+ T cells or antibodies to the H/K ATPase in disease
initiation. As yet, we do not know the mechanisms by
which parietal cells are lost from the gastric mucosa in
EAG. Preliminary results implicate a role for Fas/FasL
and TNF/TNF receptor systems. Future studies using
neutralising antibodies and mice deficient in components
of these systems should help clarify their relative
involvement in EAG.

The role of CD4+CD25+ regulatory cells in immune
regulation will be an exciting area of research in the
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future. It is now known that these regulatory T cells
require to contact the surface of a common antigen-
presenting cell which presents self antigen to effector
CD4+CD25- T cells. However precisely how this
suppression is mediated is currently not known. Our
understanding of how these CD4+CD25+ regulatory
cells develop within the thymus is also not clear
although we know from TCR transgenic mouse studies
that these cells also express endogenous TCR a-chains.
In the context of autoimmunity, future goals should
include harnessing the regulatory powers of these cells
to dampen the chronic inflammation associated with
autoimmunity. The ability to clone these regulatory cells
or inducing their production in vitro or in vivo should
pave the way towards a better understanding of the way
they function which in turn may lead to the development
of strategies to inhibit or reverse the damaing
autoimmune reaction. Similar strategies may also be
adopted for the reversal of allergy or for the
establishment of transplantation tolerance. Conversely, if
these CD4+CD25+ regulatory T cells have a major role
in suppressing the immune response to tumour
neoantigens, then therapeutic strategies which result in
their removal should boost the immune system to these
antigens.

We have learnt from the EAG model that the
autoimmune response to the gastric H/K ATPase is a
dynamic process which progresses through a number of
steps leading to the pathological lesions of autoimmune
gastritis (Fig. 7). The critical requirement for the
autoimmune response appears to be delivery of antigen
to the regional paragastric lymph node. This most likely
occurs via dendritic cells which pick up the antigen in
the gastric mucosa and migrate to the local draining
lymph node. Within the lymph node, autoreactive T cells
are activated while the activity of regulatory T cells is
abrogated. The activated T cells then migrate out of the
lymph node and home to the stomach through the
interaction of adhesion molecules on the activated
lymphocytes and the endothelium of gastric blood
vessels and signals delivered by chemokines. Research
directed towards blocking one or more steps in the
progression of the autoimmune reaction may also prove
fruitful in limiting or reversing the damaging
autoimmune response.

References

Alderuccio F. and Toh B.H. (1998). Spontaneous autoimmune gastritis
in C3H/He mice: a new mouse model for gastric autoimmunity. Am.
J. Pathol. 153, 1311-1318.

Alderuccio F., Toh B.H., Tan S.S., Gleeson P.A. and van Driel |.R.
(1993). An autoimmune disease with multiple molecular targets
abrogated by the transgenic expression of a single autoantigen in
the thymus. J. Exp. Med. 178, 419-426.

Alderuccio F., Toh B.H., Gleeson P.A. and van Driel |.R. (1995). A novel
method for isolating mononuclear cell from the stomachs of mice
with experimental autoimmune gastritis. Autoimmunity 21, 215-221.

Alderuccio F., Gleeson P.A., Berzins S.P., Martin M., van Driel |.R. and

Toh B.H. (1897). Expression of the gastric H/K ATPase a-subunit in
the thymus may explain the dominant role of the B-subunit in the
pathogenesis of autoimmune gastritis. Autoimmunity 25, 167-175.

Alderuccio F., Cataldo V., van Driel |.R., Gleeson P.A. and Toh B.H.
(2000). Tolerance and autoimmunity to a gastritogenic peptide in
TCR transgenic mice. Int. Immunol. 12, 343-352,

Allison J. and Strasser A. (1998). Mechanisms of beta cell death in
diabetes: a minor role for CD95. Proc. Natl. Acad. Sci. USA 95,
13818-13822,

Appelmelk B.J., Faller G., Claeys D., Kirchner T. and vandenbroucke-
Grauls C.M.J.E. (1998). Bugs on frial: the case of Helicobacter pylori
and autoimmunity. immunol. Today 19, 296-299.

Asano M., Toda M., Sakaguchi N. and Sakaguchi S. (1996).
Autoimmune disease as a consequence of developmental
abnormality of a T cell subpopulation. J. Exp. Med. 184, 387-396.

Barrett S.P., Toh B.H., Alderuccio F., van Driel I.R., and Gleeson P.A.
(1995). Organ-specific autoimmunity induced by adult thymectomy
and cyclosphamide-induced lymphopenia. Eur. J. Immunol. 25, 238-
244,

Barrett S.P., Gleeson P.A., de Silva H.D., Toh B.H. and van Driel |.R.
(1996). Interferon y is required during the initiation of an organ-
specific autoimmune disease. Eur, J. Immunol. 26, 1652-1655.

Beinborn M., Giebet J., Linck M., Cetin Y., Schwenk M. and Sewing K.F.
(1993). Isolation, identification and quantitative evaluation of specific
cell types from the mammalian gastric mucosa. Cell Tissue Res.
274, 229-240,

Blackman M., Kappler J. and Marrack P. (1990). The role of the T cell
receptor in positive and negative selection of developing cells.
Science 248, 1335-1341.

Callaghan J.M., Khan M.A., Alderuccio F., van Driel I.R., Gleeson P.A.
and Toh B.H. (1993). « and B subunits of the gastric H+/K+-ATPase
are concordantly targeted by parietal cell autoantibodies associated
with autoimmune gastritis. Autoimmunity 16, 289-295.

Carmel R. {1992). Reassessment of the relative prevalences of
antibodies to gastric parietal cell and to intrinsic factor in patients
with pernicious anaemia: influence of patient age and race. Clin.
Exp. Immunol 89, 74-77.

Carmel R. (1996). Prevalence of undiagnosed pernicious anemia in the
elderly. Arch. Intern. Med. 156, 1097-1100.

Chervonsky A.V., Wang Y., Wang F.S., Visintin |., Flavell R.A., Janeway
C.A.J. and Matis L.A. (1997). The role of Fas in autoimmune
diabetes. Cell 89, 17-24.

Claeys D., Saraga E., Rossier B.C. and Kraehenbuhi J-P. (1997).
Neonatal injection of native proton pump antigens induces
autoimmune gastritis in mice. Gastroenterology 113, 1136-1145.

Cope A., Ettinger R. and McDevitt H. (1997). The role of TNFa and
related cytokines in the development and function of the
autoimmune T-cell repertoire. Res. Immunol. 148, 307-312,

De Maria R. and Testi R. (1998). Fas-FasL interactions: a common
pathogenetic mechanism in organ-specific autoimmunity. Immunol.
Today 19, 121-125.

de Silva H.D., Gleeson P.A., Toh B.H., van Driel |.R. and Carbone F.R.
{(1999). Identification of a gastritogenic epitope of the H/K ATPase 8-
subunit. Immunology 96, 145-151.

de Silva H.D., Van Driel I.R., La Gruta N., Toh B.H. and Gleeson P.A,
(1998). CD4+ T cells, but not CD8+ T cells, are required for the
development of experimental autoimmune gastritis. Immunology 93,
405-408.

Feldmann M., Elliot M.J., Woody J.N. and Maini R.N. (1997). Anti-tumor



878

Experimental autoimmune gastritis

necrosis factor-a therapy of rheumatoid arthritis. Adv. Immunol. 64,
283-350.

Fukuma K., Sakaguchi S., Kuribayashi K., Chen W-L., Morishita R.,
Sekita K., Uchino H. and Masuda T. (1988). Immunologic and
clinical studies in murine experimental autoimmune gastritis induced
by neonatal thymectomy. Gastroenterology 94, 274-283.

Geering K. (1991). The functional role of the beta-subunit in the
maturation and intracellular transport of Na,K-ATPase. FEBS Lett.
285, 189-193.

Gleeson P.A. and Toh B.H. (1991). Molecular targets in pernicious
anaemia. Immunol. Today 12, 233-238.

Gleeson P.A., Toh B.H. and van Driel I.R. (1996). Organ-specific
autoimmunity induced by lymphopenia. Immunol. Rev. 149, 97-125.

Goldkorn |., Gleeson P.A. and Toh B.H. (1989). Gastric parietal cell
antigens of 60-90, 92 and 100-120 kDa associated with autoimmune
gastritis and pernicious anemia. J. Biol. Chem. 264, 18768-18774.

Helander H.F. and Keeling D.J. (1993). Cell biology of gastric acid
secretion. Baillieres Clin. Gastroenterol. 7, 1-21.

ltoh M., Takahashi T., Sakaguchi N., Kuniyasu Y., Shimizu J., Otsuka F.
and Sakaguchi S. (1999). Thymus and autoimmunity: Production of
CD25+CD4+ naturally anergic and suppressive T cells as a key
function of the thymus in maintaining immunological self-tolerance.
J. Immunol. 162, 5317-5326.

ltoh N., Imagawa A., Hanafusa T., Waguri M., Yamamoto K., Iwahashi
H., Moriwaki M., Nakajima H., Miyagawa J., Namba M., Makino S.,
Nagata S., Kono N. and Matsuzawa Y. (1997). Requirement of Fas
for the development of autoimmune diabetes in nonobese diabetic
mice. J. Exp. Med. 186, 613-618.

Jaunin P, Jaisser F., Beggah A.T., Takeyasu K., Mangeat P., Rossier
B.C., Horisberger J.D. and Geering K. (1993). Role of the
transmembrane and extracytoplasmic domain of beta subunits in
subunit assembly, intracellular transport, and functional expression
of Na,K-pumps. J. Cell Biol. 123, 1751-1759.

Jones C.M., Callaghan J.M., Gleeson P.A., Mori Y., Masuda T. and Toh
B.H. (1991). The parietal cell autoantibodies recognised in neonatal
thymectomy-induced murine gastritis are the a and B subunits of the
gastric proton pump. Gastroenterology 101, 287-294.

Judd L.M., Gleeson P.A., Toh B.H. and van Driel I.R. (1999).
Autoimmune gastritis results in disruption of gastric epithelial cell
development. Am. J. Physiol. 277, G209-G218.

Karlsson F.A., Burman P., Loof L. and Mardh S. (1988). Major parietal
cell antigen in autoimmune gastritis with pernicious anemia is the
acid producing H+,K+-Adenosine Triphosphatase of the stomach. J.
Clin. Invest. 81, 475-479.

Katakai T., Agata Y., Shimizu A., Ohshima C., Nishio A., Inaba M.,
Kasakura S., Mori K.J. and Masuda T. (1997). Structure of the TCR
expressed on a gastritogenic T cell clone, I1-6, and frequent
appearance of similar clonotypes in mice bearing autoimmune
gastritis. Inter. Immunol. 9, 1849-1855.

Kojima A. and Prehn R.T. (1981). Genetic susceptibility to post-
thymectomy autoimmune diseases in mice. Immunogenetics 14, 15-
27.

Kojima A., Taguchi O. and Nishizuka Y. (1980). Experiental production
of possible autoimmune gastritis followed by macrocytic anemia in
athymic nude mice. Lab. Invest. 42, 387-395.

Kontani K., Taguchi O. and Takahashi T. (1992). Involvement of the
H+/K+-ATPase o subunit as a major antigenic protein in
autoimmune gastritis induced by neonatal thymectomy in mice. Clin.
Exp. Immunol. 89, 63-67.

Kroner H., Riminton D.S., Strickland D.H., Lemckert F.A., Pollard J.D.
and Sedgwick J.D. (1997). Critical points of tumor necrosis factor
action in central nervous system autoimmune inflammation defined
by gene targeting. J. Exp. Med. 186, 1585-1590.

Kruisbeek A.M. and Amsen D. (1996). Mechanisms underlying T-cell
tolerance. Curr. Opin. Immunol. 8, 233-244.

Kubota H., Taguchi O., Suzuki Y., Matsuyama M. and Nishizuka Y.
(1986). Hypertrophic gastritis with hypergastrinemia and protein loss
after neonatal thymectomy in mice. Gastroenterol. Jpn. 21, 122-128.

Lehmann P.V., Forsthuber T., Miller A. and Sercarz E.E. (1992).
Spreading of T-Cell autoimmunity to cryptic determinants to an
autoantigen. Nature 358, 155-157.

Ludewig B., Odermatt B., Landmann S., Hengartner H. and Zinkernagel
R.M. (1998). Dendritic cells induce autoimmune diabetes and
maintain disease via de novo formation of local lymphoid tissue. J.
Exp. Med. 188, 1493-1501.

Martinelli T.M., van Driel I.R., Alderuccio F., Gleeson P.A. and Toh B.H.
(1996). Analysis of mononuclear cell infiltrate and cytokine
production in Murine autoimmune gastritis. Gastroenterology 110,
1791-1802.

Mason D. and Powrie F. (1998). Control of immune pathology by
regulatory T cells. Curr. Opin. immunol. 10, 649-655.

Mori Y., Fukuma K., Adachi Y., Shigeta K., Kannagi R., Tanaka H.,
Sakai M., Kuribayashi K., Uchino H. and Masuda T. (1989).
Characterisation of parietal cell autoantigens involved in neonatally
thymectomy-induced murine autoimmune gastritis using monoclonal
autoantibodies. Gastroenterology 97, 364-375.

Nishio A., Hosono M., Watanabe Y., Sakai M., Okuma M. and Masuda
T. (1994). A conserved epitope on H+ K+-adenosine triphosphatase
of parietal cells discerned by a murine gastritogenic T-celt clone.
Gastroenterology 107, 1408-1414.

Nishio A., Katakai T., Oshima C., Kasakura S., Sakai M., Yonehara S.,
Suda T., Nagata S. and Masuda T. (1996). A possible involvement
of Fas-Fas ligand signaling in the pathogenesis of murine
autoimmune gastritis. Gastroenterology 111, 959-967.

Olivares-Villogomez D., Wang Y. and Lafaille J.J. (1998). Regulatory
CD4+ T cells expressing endogenous T cell receptor chains protect
myelin basic protein-specific transgenic mice from spontaneous
autoimmune encephalomyelitis. J. Exp. Med. 188, 1883-1894.

Pettitt J.M., Humphris D., Barrett S.P., Toh B.H., van Driel |.R. and
Glesson P.A. (1995). Fast freeze-fixation/freeze-substitution reveals
the secretory membranes of the gastric parietal cell as a network of
helically coiled tubule. J. Cell Sci. 108, 1127-1141

Sabelko K.A., Kelly K.A.,, Nahm M.H., Cross A.H. and Russell J.H.
(1997). Fas and Fas ligand enhance the pathogenesis of
experimental allergic encephalomyelitis, but are not essential for
immune privilege in the central nervous system. J. Immunol. 159,
3096-3099.

Sakaguchi N., Miyai K. and Sakaguchi S. (1994a). lonizing radiation and
autoimmunity: Induction of autoimmune disease in mice by high
dose fractionated total lymphoid irradiation and its prevention by
inoculating normal T cells. J. Immunol. 152, 2586-2595.

Sakaguchi S., Ermak T.H., Toda M., Berg L.J., Ho W., Fazekas de St.
Groth B., Peterson P.A., Sakaguchi N. and Davis M.M. (1994b).
Induction of autoimmune disease in mice by germline alteration of
the T cell receptor gene expression. J. Immunol. 152, 1471-1484.

Sakaguchi S., Fukuma K., Kuribayashi K. and Masuda T. (1985).
Organ-specific autoimmune diseases induced in mice by elimination
of T cell subset. J. Exp. Med. 161, 72-87.



879

Experimental autoimmune gastritis

Sakaguchi S., Sakaguchi M., Asanc M., ltoh M. and Toda M. (1995).
Immunological self-tolerance maintained by activated T cells
expressing IL-2 receptor a-chains (CD25)-Breakdown of a single
mechanism of self-tolerance causes various autoimmune diseases.
J. Immunol. 155, 1151-1164.

Sakaguchi S. and Sakaguchi N. (1988). Thymus and autoimmunity.
Transplantation of the thymus from cyclosporin A-treated mice
causes organ-specific autoimmune disease in athymic nude mice. J.
Exp. Med. 167, 1479-1485.

Sakaguchi S. and Sakaguchi N. (1989). Organ-specific autoimmune
disease induced in mice by elimination of T cell subsets V. Neonatal
administration of cyclosporin A causes autoimmune disease. J.
Immunol. 142, 471-480.

Sakaguchi S. and Sakaguchi N. (1990). Thymus and autoimmunity:
Capacity of the normal thymus to produce self-reactive T cells and
conditions required for their induction of autoimmune disease. J.
Exp. Med. 172, 537-545.

Scarff K.J., Pettitt J.M., van Driel I.R., Gleeson P.A. and Toh B.H.
(1997). Immunization with gastric H+/K+-ATPase induces a
reversible autoimmune gastritis. Immunology 92, 91-98.

Scarff K.L., Judd L., Toh B.H., Gleeson P.A. and van Driel |.R. (1999).
Gastric H/K ATPase B subunit is required for normal function,
development and membrane structure of mouse parietal cells.
Gastroenterology 117, 1-15.

Silveira P.A, Baxter A.G, Cain W.E and van Driel I.R. (1999). A major
linkage region on distil chromosome 4 confers susceptibility to
mouse autoimmune gastritis, J. JImmunol. 162, 5106-5111.

Simonsson M., Eriksson S., Hakanson R., Lind T., Lonroth H., Lundell
L., O'Connor D.T. and Sundler F. (1988). Endocrine cells in the
human oxyntic mucosa. A histochemical study. Scan. J.
Gastroenterol. 23, 1089-1099.

Smith H., Lou Y.H., Lacy P. and Tung K.S.K. (1992) Tolerance
mechanisms in experimental ovarian and gastric autoimmune
diseases. J. Immunol. 149, 2212-2218.

Suri-Payer E., Amar A.Z., Mchugh R., Natarajan K., Margulies D.H. and
Shevach E.M. (1999). Post-thymectomy autoimmune gastritis: fine
specificity and pathogenicity of anti-H/K ATPase-reactive T cells.
Eur. J. Immunol. 29, 669-677.

Suri-Payer E., Amar A.Z., Thornton A.M. and Shevach E.M. (1998).
CD4+CD25+ T celis inhibit both the induction and effector function
of autoreactive T cells and represent a unique lineage of
immunoregulatory cells. J. Immunol. 160, 1212-1218.

Takahashi T., Kuniyasu Y., Toda M., Sakaguchi N., ltoh M., lwata M.,
Shimizu J. and Sakaguchi S. (1998). Immunologic self-tolerance
maintained by CD25+CD4+ naturally anergic and supressive T cells:
induction of autoimmune disease by breaking their anergic/
suppressive state. Int. Immunol. 10, 1969-1980.

Taupin V., Renna T., Bourbonniere L., Peterson A.C., Rodriguez M. and
Owens T. (1997). Increased severity of experimental autoimmune
encephalomyelitis, chronic macrophage/microglial reactivity,
and demyelination in transgenic mice producing tumor necrosis
factor-a in the central nervous system. Eur. J. Immunol. 27, 905-
913.

Thornton A.M. and Shevach E.M. (1998). CD4+CD25+ immuno-
regulatory T cells suppress polyclonal T cell activation in vitro by
inhibiting interleukin 2 production. J. Exp. Med. 188, 287-296.

Tisch R., Yang X.D., Singer S.M., Liblau R.S., Fugger L. and McDevitt
H.O. (1993). Immune response to glutamic acid decarboxylase
correlates with insulitis in non-obese diabetic mice. Nature 366, 72-
75.

Toh B.H., Gleeson P.A., Simpson R.J., Moritz R.L., Callaghan J.M.,
Goldkorn L., Jones C.M., Martinelli T.M., Mu F-T., Humphris D.C.,
Pettitt J.M., Mori Y., Masuda T., Sobieszczuk P., Weinstock J.,
Mantamadiotis T. and Baldwin G.S. (1990). The 60- to 90-kDa
parietal cell autoantigen associated with autoimmune gastritis is a 3
subunit of the gastric H+/K+-ATPase (proton pump). Proc. Natl.
Acad. Sci. USA 87, 6418-6422,

Toh B.H., van Driel I.R. and Gleeson P.A. (1997). Autoimmune gastritis
and pernicious anemia. In: The autoimmune diseases. Rose N.R.
and Mackay |.R. (eds). Academic Press. Sydney. pp 459-476.

Tung K.S.K., Smith S., Matzner P., Kasai K., Oliver J., Feuchter F. and
Anderson R.E. (1987a). Murine autoimmune oophoritis,
epididymoorchitis, and gastritis induced by day 3 thymectomy:
Autoantibodies. Am. J. Pathol. 126, 303-314.

Tung K.S.K., Smith S., Teuscher C., Cook C. and Anderson R.E.
(1987b). Murine autoimmune oophoritis, epididymoorchitis, and
gastritis induced by day 3 thymectomy: Immunopathology. Am. J.
Pathol. 126, 293-302.

Tuohy V.K., Yu M., Yin L., Kawczak J.A. and Kinkel R.P. (1999).
Spontaneous regression of primary autoreactivity during chronic
progression of experimental autoimmune encephalomyelitis and
multiple sclerosis. J. Exp. Med. 189, 1033-1042.

Van de Keere F. and Tonegawa S. (1998). CD4+ T cells prevent
spontaneous experimental autoimmune encephalomyelitis in anti-
myelin basic protein T cell receptor transgenic mice. J. Exp. Med.
188, 1875-1882.

Waldner H., Sobel R.A., Howard E. and Kuchroo V.K. (1997). Fas- and
FasL- deficient mice are resistant to induction of autoimmune
encephalomyelitis. J. Immunol. 159, 3100-3103.

Wantanabe H., Hirose F., Takizawa S. and Terada Y. (1977). Induction
of atrophic gastritis in ICR mice by administration of an allogenic
antigen. Acta Pathol. Jpn. 27, 799-808.

Accepted February 14, 2000



