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Helicobacter hepaticus infection in A/JCr mice results in chronic active hepatitis characterized by perivas-
cular, periportal, and parenchymal infiltrates of mononuclear and polymorphonuclear cells. This study ex-
amined the development of hepatitis and the immune response of A/JCr mice to H. hepaticus infection. The
humoral and cell-mediated T helper immune response was profiled by measuring the postinfection (p.i.) anti-
body response in serum, feces, and bile and by the production of cytokines and proliferative responses by
splenic mononuclear cells to H. hepaticus antigens. Secretory immunoglobulin A (IgA) and systemic IgG2a anti-
body developed by 4 weeks p.i. and persisted through 12 months. Splenocytes from infected mice proliferated
and produced more gamma interferon (IFN-vy) than interleukin-4 (IL-4) or IL-5 when cultured with H. hepati-
cus outer membrane proteins. The predominantly IgG2a antibody response in serum and the in vitro produc-
tion of IFN-vy in excess of IL-4 or IL-5 are consistent with a Th1 immune response reported in humans and mice
infected with Helicobacter pylori and Helicobacter felis, respectively. Mice infected with H. hepaticus developed
progressively severe perivascular, periportal, and hepatic parenchymal lesions consisting of lymphohistiocytic
and plasmacytic cellular infiltrates. In addition, transmural typhlitis was observed at 12 months p.i. The char-
acterization of a cell-mediated Th1 immune response to H. hepaticus infection in the A/JCr mouse should prove

valuable as a model for experimental regimens which manipulate the host response to Helicobacter.

Helicobacter hepaticus colonizes the cecum and colon in many
strains of immunocompetent mice without evidence of causing
overt clinical disease. H. hepaticus can also colonize the hepato-
biliary system, particularly in male A/JCr mice, and can cause
chronic active hepatitis, which may progress to hepatocellular
adenoma and carcinoma (6, 7, 14, 24). Infected A/JCr mice de-
velop numerous foci of perivascular, peribiliary, and parenchymal
infiltrates of mononuclear cells. These lesions suggest that signif-
icant cell-mediated immune responses to H. hepaticus antigens
develop within the hepatobiliary system (7, 30). Other than de-
velopment of a titer of serum immunoglobulin G (IgG), little is
known about the murine immune response to H. hepaticus. How-
ever, host susceptibility to hepatic lesions and persistent coloni-
zation of the liver vary by mouse strain (32), suggesting that
genetic differences determine the character of the immune re-
sponse and disease outcome.

The host response to H. hepaticus infection in A/JCr mice
may have similarities to that of humans infected with H. pylori
because both diseases are associated with persistent bacterial
colonization and inflammatory lesions despite significant im-
mune responses (7, 8, 30). Atrophic gastritis in humans in-
fected with Helicobacter pylori (21) and chronic hepatitis in
H. hepaticus-infected A/JCr mice (30) may, in part, be the
result of autoimmune-like tissue damage. Humans infected
with H. pylori may develop gastric mucosal atrophy related to
serum IgG with specificity for gastric parietal cells (4). H. hep-
aticus-infected A/JCr mice have been shown to produce IgG
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with specificity for heat shock proteins that are expressed by
both H. hepaticus and liver cells stressed by inflammation (30).

The role of cell-mediated immunity in protection against
chronic colonization with Helicobacter or in the progression of
lesions has not been well defined. In humans, mononuclear
cells obtained from the blood of H. pylori-infected patients had
a lower in vitro proliferative index to H. pylori antigens than
similar cells isolated from control patients (12, 14). This sug-
gested that H. pylori may suppress host cell-mediated immune
responses by production of an inhibitory factor (15). Inhibition
of cell-mediated immune responses was not found in Helico-
bacter felis-infected mice where mononuclear cell proliferation
was positively correlated with infection (18). The immune re-
sponse to H. pylori and H. felis have both been described as
Thl-like because inflammatory cells produce gamma interfer-
on (IFN-y) in excess over interleukin-4 (IL-4) (3, 13, 18).
Nothing is known about the cell-mediated immune response of
A/JCr mice, which are unable to effectively eliminate H. hep-
aticus and subsequently develop chronic inflammatory lesions
in the liver.

This study profiled the immune response of A/JCr mice
experimentally infected with H. hepaticus by measuring postin-
fection (p.i.) IgG2a (Thl-like) and IgG1 (Th2-like) antibody
responses in serum as well as secretory IgA in bile and feces.
The proliferative responses of splenic mononuclear cells to
H. hepaticus antigens were measured to determine the antigen
sensitivity of systemic mononuclear cells. Antigen-stimulated
production of IFN-y (Th1-like) and IL-4 and IL-5 (both Th2-
like) by splenic mononuclear cells was also evaluated.

MATERIALS AND METHODS

Animals. Fifty-five male A/JCr mice that were free of viral antibody to specific
murine viruses and H. hepaticus by culture and PCR were purchased from the
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National Cancer Institute, Frederick, Md. At the age of 6 to 8 weeks, half of the
mice were infected with H. hepaticus and half served as uninfected controls (see
“Bacterial inoculation”). The infected and control mice were housed in microiso-
lator caging in separate areas within an Association for Assessment and Accred-
itation of Laboratory Animal Care International-accredited facility. Replicate
experiments were conducted with groups of the sizes indicated in the figures and
tables.

Bacterial inoculation. H. hepaticus (type strain ATCC 51448) was grown as
previously described (6). Briefly, cultures were first established under microaero-
bic conditions at 37°C on Trypticase soy blood agar (Remel Laboratories, Le-
nexa, Kans.) and then inoculated into brucella broth containing 5% fetal bovine
serum. After a 48-h incubation on a rotary shaker (New Brunswick Scientific,
Edison, N.J.), the culture was centrifuged at 10,000 rpm (microcentrifuge 235C;
Fisher Scientific, Hampton, N.H.) for 20 min at 4°C. After examination for
bacterial contaminants using Gram stain and phase microscopy, the pellet was
resuspended in brucella broth containing 30% glycerol to approximately 10°
organisms per ml as confirmed by spectrophotometry (8). Test mice received 0.2
ml of fresh inoculum by oral gavage every other day for three doses. Controls
received medium alone on the same schedule. Both the inoculum and the
medium were subcultured on blood agar to confirm the purity of the H. hepaticus
inoculum and the sterility of the medium.

Reisolation of H. hepaticus from feces and cecum. Feces and cecal tissue were
cultured as previously described (28) at 4 weeks p.i. and at necropsy (6 to 12
months), respectively, to confirm H. hepaticus infection of the test mice and the
H. hepaticus-negative status of the controls. Duplicate cecum samples were
assessed by PCR as previously described (28) to confirm the presence or absence
of H. hepaticus.

Sample preparation of serum, bile, and feces for enzyme-linked immunosor-
bent assay (ELISA). Sera and feces were collected from all mice prior to dosing
with H. hepaticus or medium and then monthly until necropsy. For fecal collec-
tion, all mice from each cage (approximately five) were placed in an empty cage
for 1 h and a pooled fecal sample was obtained by randomly selecting four
average size pellets (approximately 100 mg of freshly voided feces). The feces
were then suspended in a protease inhibitor cocktail [1 g of aprotonin per ml,
10 pM leupeptin, 3.25 wM bestatin, and 0.2 mM 4-(2-aminoethyl)-benzene
sulfonylfluoride (all from Sigma, St. Louis, MO.) in 5% nonfat dry milk] as
previously described (10). The fecal slurry was microcentrifuged at 10,000 rpm
(microcentrifuge 235C; Fisher Scientific) for 10 min to yield supernatant for IgA
measurement. Mice were fasted for 12 h prior to necropsy to increase the amount
of bile in the gall bladder; the bile was aspirated into 100 pl of protease inhibitor.
Serum, bile, and fecal extracts were frozen at —70°C until analyzed.

ELISA for anti-H. hepaticus 1gG1 and IgG2a in serum and IgA in bile and
feces. An outer membrane antigen preparation of H. hepaticus was obtained by
methods previously described for preparing H. pylori antigen (23). Briefly, H. hep-
aticus was cultured in Trypticase soy broth containing 5% fetal bovine serum for
48 h under microaerobic conditions as detailed above. After three washes in
phosphate-buffered saline (PBS) and examination for bacterial contaminants
using Gram stain and phase microscopy, the pellet was resuspended in 4 ml of
1% N-octyl-B-glucopyranoside (Sigma) for 30 min at room temperature. Insol-
uble material was removed by ultracentrifugation at 100,000 X g for 1 h. After
dialysis against PBS for 24 h at 4°C, supernatant protein concentration was
measured by the Lowry technique (Sigma).

Immulon IT 96-well plates (Dynax Technologies, Chantilly, Va.) were coated
with 100 pl of a 10-pwg/ml concentration of H. hepaticus protein in carbonate
buffer (pH 9.6) per well overnight at 4°C. Serum was diluted 1:100, and both bile
and fecal extracts were assayed undiluted. Biotinylated secondary antibodies
included a-chain-specific goat anti-mouse IgA (Sigma) and monoclonal rat anti-
mouse antibodies produced by clones G1-6.5 and R19-15 (Pharmingen, San
Diego, Calif.) for detecting IgG1 and IgG2a, respectively. Incubation with ex-
travidin peroxidase (Sigma) was followed by incubation with a 2-2'-azino-di(3-
ethyl-benzthiazoline sulfonate) (ABTS) substrate (Kirkegaard & Perry Labora-
tories, Gaithersburg, Md.) for color development. Optical density (OD)
development at 405 nm was recorded by an ELISA plate reader (model MR7000;
Dynatech Laboratories, Inc., Chantilly, Va.). Serum IgG1 and IgG2a results are
reported as OD values at a sample dilution of 1:100. Because of an unknown
dilution factor inherent in sample preparation, the OD measurement of IgA
specific for H. hepaticus in bile and fecal extracts was standardized against total
IgA concentration of the sample. A standard curve was generated on each
ELISA plate by applying known amounts of purified mouse IgA(k) (Sigma) to
wells precoated with a-chain-specific sheep anti-mouse IgA. The antibody re-
sponse to H. hepaticus was considered significant if the OD exceeded a value
equal to the mean OD plus 3 standard deviations measured for samples from
uninfected control mice.

Splenic mononuclear cell proliferation in resp to H. hep antigens.
Spleens harvested at necropsy were processed mechanically into single-cell sus-
pensions. After lysis of erythrocytes by hypotonic shock and three washes in
complete medium (RPMI 1640, 10% fetal bovine serum, 100 U of penicillin per
ml, 100 pg of streptomycin per ml, 50 pM 2-mercaptoethanol, 10 mM HEPES,
2 mM L-glutamine [all from Sigma]), 2 X 10° viable cells were plated per well in
96-well flat-bottom microtiter plates and cultured in triplicate for 72 h at 37°C
under 8% CO,. H. hepaticus antigen for use in cell culture was prepared as it was
for ELISA but sterile filtered through a 0.2-pm-pore-size filter before protein
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determination. Antigen was added to achieve concentrations of 0.1, 1, or 10
wg/ml. To control for nonspecific mitogen activity, lipopolysaccharide (LPS)
activity of the outer membrane preparation was measured with a commercial kit
based on the Limulus amoebocyte lysate test for endotoxin (E-Toxate; Sigma).
Wells precoated with 100 pl of a 10-pwg/ml concentration of hamster anti-CD3
antibody (clone 145-2C11; Pharmingen) in PBS were used as positive controls for
stimulation. Cells were pulse-labeled with 1 pnCi of [*H]thymidine per well 6 h
prior to cell harvesting (harvester 11028; Skatron, Sterling, Va.); this was fol-
lowed by scintillation counting (model LS6800; Beckman, Irvine, Calif.). Mean
counts of triplicate cultures were corrected for background and reported as a
stimulation index (SI), which is the ratio of counts per minute measured in test
wells divided by counts per minute generated by cells incubated in medium
alone.

Production of IFN-y IL-4, and IL-5 by splenic mononuclear cells. Production
of IFN-y, IL-4, and IL-5 by splenic mononuclear cells was measured as previ-
ously reported (18). Briefly, 5 X 10° cells were cultured in 1-ml volumes under
the same conditions as those described for measurement of proliferation. Su-
pernatants for cytokine evaluation were harvested at 24 to 72 h poststimulation
with H. hepaticus sterile protein. The presence of IFN-y, IL-4, and IL-5 in
supernatants was measured by a sandwich ELISA using monoclonal capture and
biotinylated secondary antibodies produced by clones R4-6A2/XMG1.2, BVD4-
1D11/BVD6-24G2, and TRFKS5/TRFK4 (Pharmingen) for IFN-y, IL-4, and
IL-5, respectively. A standard curve was created by using recombinant standards
for IFN-v, IL-4, and IL-5 from Pharmingen.

Histologic evaluation. Formalin-fixed liver and cecum tissue samples were
embedded in paraffin, cut at a 5-um width, and stained with hematoxylin and
eosin for assessment of morphology and with Warthin-Starry stain to identify
organisms with morphology consistent with H. hepaticus. Tissues were evaluated
by a board-certified veterinary pathologist blinded to the sample identity. The
liver lesions were scored on the basis of size and frequency of the lesions on a
scale of 0 to 4 for ascending severity of inflammation (none, mild, moderate, and
severe, respectively). Hepatic lesions consisted almost exclusively of parenchymal
necrosis and inflammation, and inflammation centered on either portal areas or
sublobular veins. Parenchymal necrosis and inflammation were scored as a single
category that included sharply demarcated foci of hepatocyte necrosis and in-
flammatory or phagocytic cell accumulation and foci of hepatitis lacking clear
borders. Portal or periportal inflammation and inflammation centered on sub-
lobular veins were scored as independent categories. Sums of the three individual
scores were used as total scores for hepatic lesion intensity. Cecal lesions among
mice at 12 months p.i. were similarly assessed for mucosal hyperplasia and
chronic inflammation.

Statistical analysis. Data on serum, fecal, and bile antibody, cell proliferation,
and cytokine responses are reported as a mean plus 1 standard deviation and
were compared by using Student’s ¢ test at a significance level of P < 0.05 for
differences between groups. Analysis of liver and cecal lesion scores was per-
formed by using the Mann-Whitney nonparametric test for categorical data.

RESULTS

Colonization and persistence of infection with H. hepaticus.
Feces were cultured at 4 weeks p.i. to confirm that mice that
received H. hepaticus by oral gavage were colonized and that
controls were uninfected. All of the pooled samples from the
H. hepaticus-dosed mice were positive by fecal culture at 4
weeks p.i., and the controls were culture and PCR negative by
methods previously described (28).

Serum IgG1 and IgG2a humoral responses to H. hepaticus.
Serum IgG2a levels in infected mice significantly increased
above control levels by 4 weeks p.i. (P < 0.01) (Fig. 1). The
IgG2a response continued to rise through 12 weeks p.i. and
was persistent at a high level up through 12 months, when the
study terminated. The levels of IgG1 antibody in sera from
infected mice were similar to the background levels of IgG2a
or IgGl1 in sera from control mice.

IgA specific for H. hepaticus in feces and bile. Both feces and
bile collected from infected mice contained high levels of anti-
H. hepaticus IgA antibody (Fig. 2). Bile from infected mice
contained a mean (* standard deviation) of 3.33 = 0.27 OD
units of IgA (range, 1.15 to 3.83 OD units), whereas that from
controls contained 0.89 *+ 0.67 OD unit (range, 0 to 1.72). The
mean level of IgA in bile samples with specificity for H. hepa-
ticus antigens at 6 months p.i. was significantly higher than that
in control samples (P < 0.02, n = 4 infected mice and 7
controls). At 2 weeks p.i. fecal IgA reactive with H. hepaticus
antigens was near background levels but had clearly become
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FIG. 1. Anti-H. hepaticus IgG2a and IgG1 antibody levels in serum samples
from experimentally infected and control mice. The level of IgG2a against
H. hepaticus antigens in serum was significantly greater than that of IgG1 anti-
body (P < 0.01, n = 15 infected mice and 13 controls), which is consistent with
a Th1 cell-mediated immune response. Anti-H. hepaticus IgG2a and IgG1 from
control mice were at background levels. Each error bar represents =1 standard
deviation of the mean. Data are representative of multiple experiments.

significant by 4 weeks p.i. and remained elevated (P < 0.001).
Feces from control mice did not have IgA reactive with H. hep-
aticus antigens (mean [* standard deviation] OD value of
0.02 = 0.02). Bile IgA collected at necropsy from infected mice
yielded significantly higher OD values on ELISA against H. hep-
aticus antigens than samples collected from controls (P <
0.002).

Proliferative response of splenic mononuclear cells to H. hep-
aticus antigens. Mononuclear cells isolated from spleens of
H. hepaticus-infected mice at 6 months p.i. proliferated in
response to H. hepaticus antigens in vitro to a significantly
greater extent than cells isolated from uninfected control mice
(P < 0.001) (Fig. 3). The proliferative response of cells from
infected mice was approximately threefold higher than that of
control samples at each of the levels of H. hepaticus protein
used to stimulate the cells in culture. The peak response to
H. hepaticus protein was at a concentration of 1 pg/ml. The
outer membrane preparation of antigen used to stimulate the
splenocytes did not have detectable LPS activity with an assay
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FIG. 2. Anti-H. hepaticus IgA in fecal extracts from experimentally infected
mice. Secretory IgA specific for H. hepaticus antigens rose rapidly by 4 weeks p.i.
(P < 0.001) and remained consistently high throughout the time period studied
(12 months p.i.). Values for control mice were similar to the 0 time point for
infected mice (see text). Data represent assay results for five pooled fecal sam-
ples from infected mice and five pooled samples from control mice and are
representative of multiple experiments. Each error bar represents 1 standard
deviation of the mean.

INFECT. IMMUN.

gInfected
|
m Control |

A— - —
fug/mi 10 ug/ml

0.1 ug/mi

Protein Concentration

FIG. 3. Mean SI + SD of proliferative response of splenic mononuclear cells
isolated from H. hepaticus-infected and uninfected control A/JCr mice. The SI of
infected mice was significantly greater than control values (P < 0.001, n = 5
infected mice and 4 controls). Data are representative of multiple experiments.

sensitivity of 0.125 endotoxin units (EU)/ml. The positive con-
trol of plate-bound anti-CD3 antibody stimulated mononu-
clear cell proliferation in infected and control mice to an equiv-
alent extent (SIs of 79 * 18 and 85 * 16, respectively).
Proliferative responses of splenic mononuclear cells isolated
from mice at 9 months p.i. were equivalent to those measured
at 6 months p.i. (data not shown).

Production of IFN-vy, IL-4, and IL-5 by splenic mononuclear
cells in response to H. hepaticus antigen. Supernatants for
cytokine evaluation were harvested at 24 to 72 h poststimula-
tion with H. hepaticus outer membrane protein. Production
of IFN-vy by splenic mononuclear cells isolated from mice 6
months p.i. peaked at the 72-h time point and to a protein
concentration of 10 wg/ml (data not shown). IFN-y production
by cells isolated from infected mice in response to H. hepaticus
protein under these optimal conditions was equivalent to that
from stimulation with the positive control stimulus, concanava-
lin A (ConA) (434 = 97 and 384 = 137 pg/ml, respectively).
Splenic mononuclear cells isolated from control mice released
a low level of IFN-vy in comparison to a sevenfold higher level
of y-IFN released from cells obtained from infected mice (Ta-
ble 1). Production of IL-4 and IL-5 was either undetectable or
similar to background levels. Splenocyte cultures from control

TABLE 1. Production of IFN-vy, IL-4, and IL-5 from splenic
mononuclear cells stimulated with H. hepaticus
antigens in culture”

Cytokine production (pg/ml [mean * SDJ])

Culture
IFN-y 1L-4 IL-5
Medium alone 23 + 31 ND? 12+ 16
Spleen cells
Infected 434 + 97 ND 34+ 42
Control 61 =51 ND 7+9

“ Splenic mononuclear cells were isolated from mice at 9 months p.i. and then
stimulated in culture for 72 h with outer membrane proteins from H. hepaticus
at 10 pg/ml. IFN-y production was significantly higher from cells from infected
mice than from control cells (P < 0.006, n = 5 infected mice and 9 controls),
approximately a sevenfold difference. Both IL-4 and IL-5 were essentially unde-
tectable except for cells stimulated by ConA as a positive control for the assay
(see text). Data are representative of multiple experiments.

> ND, not detectable.
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TABLE 2. Hepatic and cecal lesion scores in control and H. hepaticus-infected mice”

Median lesion score (range)

Mouse group Liver Cecum
and MO p.i. n
Parenc.hymal ne(%rosis ) Portal ) Sublob}l!ar Total score Mucosal' Inflammation
and inflammation inflammation phlebitis hyperplasia
Control
6 8 1(0-1) 0(0) 0(0-2) 1(0-3) ND? ND
9 6 0.5 (0-2) 0.5 (0-1) 0(0-2) 1(0-5) ND ND
12 6 1.5 (1-2) 1(0-1) 0(0-1) 2.5(1-4) 2(0-3) 2(0-2)
Infected mice
6 5 2¢(1-2) 0(0-1) 0(0-2) 2¢(1-5) ND ND
9 6 1.5 (0-3) 1.5¢(0-3) 2(0-3) 59(2-8) ND ND
12 6 2(1-3) 1(0-4) 2°(0-3) 4.5¢(2-10) 2.5(0-3) 39 (2-4)

“ Median scores (see “Histologic evaluation” in Materials and Methods) for hepatic lesions were significantly higher in infected mice than in controls at 6, 9, and
12 months p.i. The scores for chronic cecal inflammation were significantly higher (P < 0.01) in the infected mice than in the controls at 12 months p.i.

2 ND, not done.
¢ P < 0.05, compared to value for control mice (by Mann-Whitney test).
4P < 0.01, compared to value for control mice (by Mann-Whitney test).

and infected mice that were stimulated with ConA as a positive
control released equivalent levels of IL-5 (239 * 112 and
303 = 164 pg/ml, respectively). IL-4 was detectable by ELISA
only when samples were artificially spiked with recombinant
IL-4 to validate the assay.

Histologic evaluation. The total scores for liver lesions at 6,
9, and 12 months p.i. were significantly higher for infected mice
than for controls (Table 2). An increasing trend in inflamma-
tion surrounding the sublobular veins with increased duration
of infection was observed. The median scores for sublobular
phlebitis in the infected mice were higher than those of con-
trols at 9 and 12 months p.i., with significant differences at 12
months p.i. (P < 0.05). Inflammation of the sublobular veins
progressed from subendothelial infiltration by mononuclear
inflammatory cells to intramural and adventitial infiltration
(Fig. 4). Multifocal aggregates of mixed mononuclear cells, pri-

marily lymphocytes, formed in the vessel walls and surrounding
stroma and extended into the adjacent hepatic parenchyma.
The median scores for hepatic parenchymal necrosis and in-
flammation were higher in the infected mice than in the con-
trols at 6, 9, and 12 months p.i., with significant differences at
6 months p.i. (P < 0.01). Marked infiltrative inflammation and
parenchymal necrosis along with severe periportal inflamma-
tion were present in infected mice at both 9 and 12 months p.i.
(Fig. 5). Periportal inflammation was significantly increased
among infected mice at 9 months p.i. (P < 0.05) and was
comprised of mixed mononuclear cell infiltrates. The propor-
tions of macrophages and plasma cells were higher than those
of the inflammatory foci oriented around the sublobular vein.
Small numbers of argyrophilic bacteria consistent with H. hep-
aticus were observed in two infected mice at 9 and 12 months
p.i. Both mice had moderate parenchymal necrosis and inflam-

FIG. 4. Liver tissue from an A/JCr mouse at 9 months p.i. Focal infiltration is visible in the wall of a sublobular vein associated with H. hepaticus infection. The
inflammatory mononuclear cell infiltrate is predominantly lymphocytic. Stain, hematoxylin and eosin. Bar, 50 pm.



3146 WHARY ET AL.

INFECT. IMMUN.

FIG. 5. Liver tissue from an A/JCr mouse at 9 months p.i. Periportal inflammation encloses the portal structures and extends into the surrounding hepatic
parenchyma. The mixed mononuclear cell infiltrate is comprised of macrophages, lymphocytes, and plasma cells. Individual hepatocytes with karyomegaly (arrow) are
present in mice with marked chronic hepatitis. Stain, hematoxylin and eosin. Bar, 100 pm.

mation, moderate to severe portal inflammation, and mild to
moderate sublobular phlebitis.

Chronic typhlitis was significantly higher (P < 0.01) in the
infected mice than in the controls at 12 months p.i. (Table 2).
Although the median score for cecal mucosal hyperplasia was
higher for infected mice, the difference between infected and
control groups was not statistically significant. One infected
mouse at 12 months p.i. had marked typhlitis associated with
suppuration, transmural inflammation (Fig. 6), and focal ul-
ceration of the mucosa (data not shown).

DISCUSSION

The results reported here demonstrate that A/JCr mice re-
spond to H. hepaticus with a Thl-like immune response which
is consistent with observations others have made on the im-
mune response to gastric helicobacters (3, 13, 18). The serum
IgG that was reactive with H. hepaticus antigens was predom-
inantly IgG2a in isotype, which functionally categorizes the
response as Thl-like (25-27). Secretory IgA and systemic
IgG2a antibodies developed rapidly in the infected mice, with
high levels persisting during chronic infection. Both serum
IgG2a and secretory IgA in feces from infected mice signifi-
cantly increased above control levels by 4 weeks p.i. and hence
were discriminatory between infected and control mice. Sera
from control mice had low levels of H. hepaticus-reactive IgG1
and IgG2a that did not change in magnitude during the first 16
weeks p.i. There was an insignificant trend in elevated serum
IgG2a levels in controls between the 16- and 46-week time
points that may represent cross-reactivity of antibody with bac-
terial antigens such as urease and heat shock proteins ex-
pressed by other gut flora (18). In addition, significant levels of
H. hepaticus-specific IgA were present in bile at 6 months p.i.
and was most likely secreted by IgA™ cells that accumulate
around the bile ducts of H. hepaticus-infected mice (16). An-
tigenic stimulation of these cells may have resulted from en-
terohepatic circulation of H. hepaticus antigens through the
portal circulation or by local colonization of H. hepaticus in the
biliary system. This observation suggests that the mouse liver

should be included as an important component of GALT, the
gut-associated lymphoid system. In some strains of mice, col-
onization of H. hepaticus appears to be restricted to the lower
bowel and may have a commensal relationship with the host.
The ability of H. hepaticus to colonize the liver in A/JCr mice
may explain why the expected immune hyporesponsiveness to
nonpathogenic gut flora (29) is abrogated in infected A/JCr
mice and is further evidence that H. hepaticus is a true patho-
gen for at least select strains of mice.

Development of a predominant Thl or Th2 cell-mediated
immune response is known to be influenced by the balance of
antagonistic cytokines in the local tissue environment being
colonized by a given pathogen (20, 22, 27). IFN-y, IL-4, and
IL-5 have all been shown to influence B-cell isotype switching
and potentiation of immunoglobulin secretion (27). Differen-
tiation of B cells into cells committed to IgG2a secretion is
associated with early cellular activation events that result in
elevated levels of IFN-y in the microenvironment of first an-
tigen contact (25). Production of IgG1 class antibody, which
was very low in the sera from infected and control mice, is
regulated at least in part by IL-4 (34), which was not detectable
in supernatants from A/JCr mouse splenocytes stimulated with
H. hepaticus protein.

The most important evidence that A/JCr mice responded to
H. hepaticus infection with a bias towards a Th1 response was
the large amount of IFN-y produced by splenocytes isolated
from infected mice. The sevenfold increase in IFN-y produc-
tion suggests that antigen recognition contributed to the cel-
lular activation events resulting in cytokine release. The excess
of IFN-vy with essentially undetectable production of IL-4 and
IL-5 by cell cultures established from infected mice is consis-
tent with the mouse model of gastric colonization with H. felis
(18). Natural killer and Thl lymphocytes produce IFN-v,
which is proinflammatory and promotes production of IL-12
that further commits naive T cells to the Thl phenotype (11,
33). IFN-y plays an important role in inflammation and the
immune response by modulating macrophage effector func-
tions, isotype switching, and secretion of immunoglobulins by
B cells, along with upregulating expression of class I and II
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FIG. 6. Cecal tissue from an A/JCr mouse at 12 months p.i. (a) and from a control mouse (b). (a) Marked, multifocal thickening and inflammation of the mucosa
and submucosa were observed in association with H. hepaticus infection. Multifocal extension through the tunica muscularis (arrow) and mucosal ulceration (not shown)
were also observed in this case. (b) The cecal tissue from the control mouse has no significant alterations. Stain, hematoxylin and eosin. Bar, 500 pm.

major histocompatibility complex antigens, Fc receptors, and
leukocyte adhesion molecules (19).

Splenocytes from infected mice had a significant prolifer-
ative response to H. hepaticus antigens, and these results are
similar to data obtained in the H. felis model (18). As with
H. felis, cells from control mice had a low proliferative
response that was higher than the background level mea-
sured for cells stimulated with medium alone. The low pro-
liferative response is most likely explained by the outer
membrane preparation containing antigens shared by many
bacteria. LPS in the H. hepaticus antigen preparation was
negligible so that the control responses may have been to
other putative mitogens such as urease. Interestingly, the
results reported here and for the H. felis mouse model
contrast with the suppressed proliferative response to H. py-
lori antigens by peripheral blood mononuclear cells isolated
from H. pylori-infected humans relative to that in H. pylori-
free subjects (12). The different results between the mouse
and human data may relate to species, tissue source of
lymphoid cells, variability in dominant antigens contained in
the preparations used to stimulate the cells in vitro, or other
undefined conditions of cell culture.

Median scores for hepatic lesions were significantly higher in

infected mice than in controls at 6, 9, and 12 months p.i. Also,
the severity of lesions progressed as the infection persisted
through 12 months. Foci of parenchymal necrosis and inflam-
mation were the most notable lesions at 6 months p.i., with
progression of hepatitis to include periportal and perivascular
mononuclear cell infiltrates by 9 months p.i. Typhlitis, a feature
of inflammatory bowel disease, noted in the group necropsied
at 12 months p.i. in this study, has been associated with H. hep-
aticus infection in defined-flora scid mice (1) and was described
previously in older A/JCr mice naturally infected with H. hep-
aticus (8, 31).

Helicobacter virulence factors are antigenic (2, 5, 9, 17), and
thus lesions result at least in part from the host immune re-
sponse and associated inflammation. The immune response to
H. hepaticus does not appear to provide significant protection
against chronic colonization or disease. The proinflammatory
Th1 cell-mediated response to H. hepaticus may be detrimental
to the host, as suggested by others (14, 18, 21). Thus, there is
significant interest in developing immunization strategies to
divert the cell-mediated immune response towards a Th2 re-
sponse, which may be more protective either by inhibiting
colonization or by attenuation of lesion progression.
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