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Abstract

Since lumenal bacteria have been postulated to play an important role in the pathogenesis of
inflammatory bowel disease (IBD), we investigated the humoral response to cecal aerobic bacterial
antigens by Western blot analysis in TCRo”~ mice which spontaneously develop IBD. The sera
from TCRo™ mice revealed an alteration of the recognition pattern against aerobic bacterial
antigens from polyclonal to oligoclonal with age. This alteration was not observed in TCR37~ and
TCRa '/~ mice. The alteration of the recognition pattern in TCRo ™ mice was associated with
production of autoantibodies against tropomyosin and the development of IBD. The unique
population of CD4* TCRaB* cells in TCRa™" mice may be involved in the recognition of these
bacterial antigens and the absence of the o chain may result in the alteration of immune response.

Introduction

Pathogenic or non-pathogenic microorganisms may particip-
ate in the development of organ-specific autoimmune dis-
eases by possessing structural similarities with self-antigens
(molecular mimicry) (1,2). The ternary TCR-antigen-MHC
complex interactions that induce tolerance to self-antigens
by elimination or functional inactivation of autoreactive cells
may also play an important role in the development of
autoimmune diseases (3.4).

The etiology of inflammatory bowel disease (IBD) [ulcerative
colitis (UC) and Crohn’s disease], a human disease of sus-
pected autoimmune pathogenesis, is unknown (5). Recently,
genetic animal models of IBD have been described. These
include IBD in rats transgenic for human HLA-B27 (6) and in
mice with a deletion in TCR, IL-2 or IL-10 genes among
others (6-11). Although pathogenic organisms have not been
isolated from animals with IBD, IL-2 mutant mice and HLA-
B27 transgenic rats maintained in germ-free environments do
not develop IBD, suggesting an important role of intestinal
bacterial colonization in the pathogenesis of IBD (8,11,12).
We have observed that IBD in TCRo#~ mice is more severe
than in TCRB™" and TCRBx& mice, whereas TCR&7 and

RAG-17" mice do not develop IBD (7). In TCRa™ mice.
TCRy8*™ T cells have been reported to increase with age
(7,13,14) or following pathogenic infection (15). Interestingly.
thymocytes in TCRa”~ mice express low levels of the TCRpB
chain on the surface in the absence of TCRa chains (TCRa™
B*). Small numbers of CD4* TCRoB* T cells are present in
peripheral lymphoid tissue including the small intestine of
TCRo " mice (13). These unique CD4* TCRaB* T cells are
able to expand together with, but independently of, TCRy§*
T cells (13,15), and are capable of responding appropriately
to stimulation with a viral superantigen, minor lymphocyte
stimulating superantigen 1 (Mls-1) or via CD3 complex (16,17).
Itis not clear whether TCRo B T cells can recognize microbial
peptides presented in the context of the TCR-MHC complex.

Circulating autoantibodies have been detected in patients
with UC. An autoantibody against tropomyosin, a 40 kDa
cytoskeletal protein, has been detected in colonic tissues of
patients with UC but not with Crohn’s disease (18-20). The
antigenicity of colonic epithelial tropomyosin may be related
to molecular mimicry with proteins of enteric bacteria such
as Escherichia coli (21,22).
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In the present study, we have investigated the ability of vari-
ous TCR mutant mice, in particular TCRer’™ mice, to produce
antibodies to normal bacterial flora and to tropomyosin and
the correlation of the presence of these antibodies with the
development of IBD.

Methods

Mice

Colonies of TCRa7~, TCRB™~ (13), TCR& ™ (23) and RAG-17~
mutant mice (24) were developed at Massachusetts General
Hospital from mice provided by Dr P. Mombaerts and Dr S.
Tonegawa (Massachusetts Institute of Technology). These
mice are derived from two (H-2°) strains 129/sv and C57BL/6.
TCRa heterozygous mice (TCRa ™) were generated by cross-
ing TCRa™™ mice with C57BL/6 mice (purchased from The
Jackson Laboratory, Bar Harbour, ME). The mice were housed
in pathogen-free facilities at the Massachusetts Institute of
Technology and Massachusetts General Hospital. Food, dis-
tilled water and cages were autoclaved at 250°F for 25 min and
changed weekly.

Antibodies

For Western blotting and ELISA, alkaline phosphatase (ALP)-
goat anti-mouse 1gG and horseradish peroxidase (HRP)-goat
anti-mouse IgA and HRP-goat anti-IgM antibodies were pur-
chased from Sera-Lab (Sussex, UK), ALP-goat anti-mouse Ig
and 1gG2a, and HRP-goat anti-mouse IgG? and rat anti-
mouse IgE were purchased from Southern Biotechnology
(Birmingham, AL), and anti-tropomyosin (TM311) antibody was
purchased from Sigma (St Louis, MO).

Histological analysis

For histological examination, specimens were obtained from
rectum, distal and proximal colon, and cecum from every
mouse tested. Specimens were fixed in 3% buffered formalin
and embedded in paraffin. Multiple 4 um sections were stained
with hematoxylin & eosin. The severity of IBD was determined
according to the diagnostic criteria previously described (7).

Extraction of bacterial proteins

Cecal lumenal contents were aspirated from the cecum by
sterite needle and grown for 18 h in 20 ml LB medium (Difco,
Detroit, Ml) in aerobic conditions. To prevent contamination of
proteins from other lumenal contents (food and epithelial cells),
100 pl of cultures was transferred in 30 ml of fresh LB medium
and incubated at 37°C with shaking at 120 r.p.m. under aerobic
conditions until 0.8 at ODggq. After culture. the bacteria was
analyzed by the microbiology laboratory at the Massachusetts
General Hospital. No anaerobic bacteria were detected in this
culture. E. coli were cultured on Brucella blood agar with 5%
horse blood and MacConkey Il agar under aerobic conditions.
In some experiments, the bacteria in log phase (ODgsp: 0.8)
were stressed by heat at 43°C for periods varying from 5 min
to 3 h, or by 5% EtOH for periods varying from5minto 1 h. The
cultures were centrifuged at 10,000 gfor 10 min at 4°C and the
pellet was washed in washing solution (cold PBS containing 1
mM phenylmethylsuifonyl fluoride, 10 mM iodoacetamide and
10 pug/ml aprotinin). Two methods were used for lysis. (i) The

pellet was diluted in washing solution to an optical density (650
nm) of 0.8-1.0 and the cells were disrupted by sonication on
ice. After centrifugation and filtration by a 0.2 um filter unit, the
concentration of soluble proteins was determined by the Lowry
assay (25). (ii) The pellet was directly homogenized in
1xXsample buffer; 685 mM Tris {pH 6.8), 5% 2-mercaptoethanol,
3% SDS and 10% glycerol. The concentration of soluble pro-
teins was determined by The Coomassie protein assay (26)
(the Lowry assay could not be used due to the presence of 2-
mercaptoethanol). There were no apparent differences
between the two lysis methods. The latter method was used to
extract bacterial antigens for Western blot analysis. In some
experiments, bacterial proteins were extracted by sonication
on ice in PBS without proteinase inhibitors and were treated
with 200 pg/ml of proteinase K (Boehringer, Indianapolis. IN)
at 37°C overnight.

Western blot analysis

Western blotting was carried out as previously described, with
the following modifications (27). One microgram of tropo-
myosin, troponin (Sigma) or bacterial protein in 1xXsample buf-
fer containing 0.04% bromophenol blue was separated by
SDS-PAGE on 8-12% gels and electrophoretically transferred
to polyvinylidene fluoride membranes {(Millipore, Bedford, MA).
In some experiments, the gels were stained by the silver stain-
ing kit (BioRad, Hercules, CA) after SDS-PAGE. The transferred
membranes were preincubated in TBS containing 1% skim milk
overnight at 4°C. The blocked membranes were incubated with
anti-tropomyosin antibody (Sigma) capable of recognizing two
forms of tropomyosin (39 and 36 kDa) or various mice sera
diluted 1:100 in TBS containing 1% BSA and 0.05% Tween 20,
followed by incubation with various HRP- or ALP-conjugated
anti-lg subclass antibodies (described above) and developed
with 3-amino-9-ethylcarbazole (Aldrich, Milwaukee, WI) or with
nitroblue tetrazolium and 5-bromo-4 chloro-3-indolyl phos-
phate (Promega Biotec, Madison, WI).

ELISA

ELISA was carried out as previously described, with the follow-
ing modifications (20). A 96-well microtiter plate (Dynatech,
Chantilly, VA) was coated with 2 ug of bacterial protein or 0.25
ug of tropomyosin (Sigma) per well in 100 ul of Dulbecco’s PBS
or carbonate buffer (pH 9.6). overnight at 4°C. After wash, the
plates were blocked with 5% BSA and 1% goat serum for 2 h
at 37°C, then 100 ul of several mouse sera diluted (1:100) was
added per well in triplicate and the plates incubated for 2 h at
37°C. After washing, 100 ul of goat anti-mouse Ig was added
per well and incubated for 1 h at room temperature followed by
addition of 100 ul of p-nitrophenyl phosphate in 1 mM magnes-
ium chloride and 50 mM sodium carbonate (pH9.8). The plates
were read at 405 nm using AUTO READER (BioTek, Winooski.
UT). Results were statistically analyzed using the Mann—
Whitney U-test.

Results

Immunoreactivity of TCRa™™ mice sera against antigens of
aerobic bacteria from cecum

-

Cecal bacteria from a TCRo/™ mouse (20 weeks old) cultured
under aerobic conditions were used as a source of antigens
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for Western blot analysis with sera from TCRa™™ mice. Table
1 and Fig. 1 show the Western blot reaction patterns by sera
from 180 TCRe:”~ mice. Of 11 TCRa~ mice <6 weeks old,
all mice showed a reaction pattern composed of a few faint
or undetectable bands, suggesting weak antibody responses
against bacterial antigens. However, the sera of adult TCRa ™~
mice showed a polyclonal recognition pattern that changed
to an oligoclonal pattern with age (Table 1 and Fig. 1). Sera
from 45 out of 58 TCRa. '~ mice (8-20 weeks old) reacted
with many bands (more than eight bands) from 50 to 120 kDa
(polyclonal recognition pattern). These bands could be
detected clearly up to 1:1000 dilution of sera (data not shown).
The sera from 17 out of these 45 TCRa ™™ mice (8-20 weeks
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Fig. 1. The recognition pattern against cecal aerobic bacterial
antigens from a TCRo™ mouse (age: 150 day) with sera from
TCRo ™™ mice. Bacterial proteins were resolved by 10% SDS-PAGE.
electrophoretically transferred to a membrane and treated with PBS
(negative control) or sera (1:100) from different aged TCRa™ mice,
and reactive bands detected by the immunoperoxidase method. The
numbers shown on the top indicate the age (day after birth) of mice
whose sera was used. The pattern shown by the age group between
89 and 145 days (adult mice) was called the polyclonal pattern. In
contrast, the restricted bands revealed by sera from older mice (168,
188, 237 and 272 days old) was called the oligoclonal recognition
pattern. Mol. wt is shown on the left side in kDa.
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old) showed strongly reactive bands within the polyclonal
bands indicating increased antibody response to certain
bacterial antigens. In 20- to 30-week-old TCRa ™~ mice, sera
from 26 out of 83 showed a polyclonal recognition pattern.
However, the sera from the remaining 57 TCRo ™~ older mice
(20-30 weeks old) showed an oligoclonal pattern; only one
or few restricted bands similar to the strong bands detected
within the polyclonal pattern obtained with sera from 8- to 20-
week-old TCRa™~ were present. Furthermore, the sera from
23 out of 28 TCRo7 mice >30 weeks old showed an
oligoclonal pattern, but no polyclonal pattern (Tables 1 and
2 and Fig. 1).

To investigate if there were quantitative changes in antibody
response to aerobic cecal bacterial antigens with age. anti-
body levels to bacterial antigens were detected by ELISA
using 1:100 dilution of the sera from mice of different age
groups. The sera from <6-week-old TCRo /™ mice showed
weak reactivity (the average ODy5q was 0.075 = 0.003 from
six mice). The reactivity of sera from TCRo™ mice with a
polyclonal pattern was higher than that with an oligoclonal
pattern; the averages of ODysg from 20 TCRor ™ mice with a
polyclonal pattern and 20 TCRo#~ mice with an cligoclonal
pattern was 0.747 + 0.095 and 0.449 = 0.111 respectively.
These results indicate that the antibody responses to aerobic
bacterial antigens were less in TCRo™ mice with an oligo-
clonal pattern as compared with those with a polyclonal
pattern. However, when the sera of TCRa™ mice revealing a
polyclonal pattern was diluted to 1:1000 (ODysq: <0.4), the
polyclonal bands were still clearly detected. These findings
indicate that the alteration of the recognition pattern observed
in TCRo?~ mice cannot be due to decreased synthesis of
antibodies to all aerobic bacterial antigens.

The sera of the TCRo”" mice were tested against aerobic
bacterial antigens extracted from the cecum in TCRo™™ mice
of different ages (51-230 days) to determine if the aerobic
bacterial flora of the mice changed with aging and develop-
ment of IBD. The reaction pattern in Western blotting remained
the same regardless of the age of the mice (Fig. 2). Further-
more, the cultured bacterial strain from TCRo™~ mice of
different ages (51-230 days) was analyzed after culture in
LB medium under aerobic conditions (see Methods). E£. coli
was consistently detectable in the culture from all TCRa”"
mice tested at different ages (51-230 days). Anaerobic and
other bacterial strains were not cultured under these aerobic
conditions. These findings indicate that the transition of the
recognition pattern in TCRa”/~ mice was not caused by
a change of cecal aerobic bacterial flora with aging and
development of IBD. The reaction pattern of sera from TCRa™"~
mice against aerobic bacterial antigens was identical to that

i

Table 1. Reactivity of sera from TCRa " mice against cecal aerobic bacterial antigens isolated from a TCRo”~ mouse?

Age (weeks) No. of mice Faint or undetectable bands Polyclonal pattern Oligoclonal pattern
<6 11 11 — —
8-20 58 — 45 13
20-30 83 — 26 57
>30 28 —_ 5 23

—j—

aWestern biot analysis with sera from TCRa~ mice against cecal bacterial antigens from a TCRo ™ mouse (20 weeks).
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source
of bacteria
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Fig. 2. Comparison of immunoreactivity of sera from TCRo~ showing
a polyclonal (A) and an oligocional (B) recognition pattern against
aerobic bacterial antigens extracted from TCRa / of different ages
(128, 175 and 230 days) and antigens extracted from E£. coli cultured
from cecal contents of TCRo#~ mice as analyzed by Western blot
analysis. The numbers shown on the top indicate the age (day after
birth) of the mouse from which aerobic bacteria was extracted. *Both
serum and cecal aerobic bacterial antigens were obtained from the
same mouse. Mol. wt is shown on the left side in kDa.

obtained against antigens extracted from E. coli cultured from
cecum of TCRo ™ mice (Fig. 2). The treatment of bacterial
proteins with proteinase showed only degraded bands (<20
kDa), indicating the reactivity against proteins. but not other
components by sera. In addition, sera tested showed no
reactivity against LB medium used for culture of bacteria
(data not shown).

The analysis of the Ig subclass revealed that in the sera
showing polyclonal patterns including restricted bands, the
antibodies in the sera were mostly of 1gG2a, and in some
instances of IgG1 and IgM subclass (data not shown). Taken
together, these findings suggest that (i) the polyclonal reaction
pattern against cecal aerobic bacterial antigens becomes
oligoclonal with age and (i) antibodies reactive with these
antigens undergo |g switching to IgG in TCRa™~ mice.

The controls included 23 TCRa ™/~ and 18 C57BL/6 mice
(Table 2). When the aerobic bacterial antigens extracted from
their own cecum (TCRo™*~ and C57BL/6 mice respectively)
were used, all adult mice (8-20 weeks old) showed a poly-
clonal recognition pattern similar to that observed with sera
from TCRo”~ mice. However, in contrast to TCRa™™ mice, the
polyclonal pattern was preserved in the older wild-type mice
(>30 weeks old) (Fig. 3), indicating that the change from a
polyclonal to an oligoclonal recognition pattern against aer-
obic bacterial antigens is a distinct feature of TCRo " mice.

We also examined the reactivity of sera from 12 RAG-17~
mice against aerobic bacterial antigens extracted from various
mouse strains used in this experiment. No reactivity against
aerobic bacterial proteins was detected (Fig. 4).

immunoreactivity of TCRB”~ and TCRS” sera against cecal
aerobic bacterial antigens

To investigate whether the unique T cell subset expressing
TCRo B™ plays an important role in the change of bacterial

recognition from polyclonal to oligocional, we compared
reactivity of sera from two kinds of mice: (i) TCRB*"" mice in
which all T cells bear TCRYy3. but do not express TCRaf (28),
and (ii) TCR&”" mice that have only TCRof T cells, but no
TCRy3 T cells (23).

Silver staining showed many obvious bands after SDS-
PAGE of cecal aerobic bacterial antigens extracted from
TCRB™~ and TCRo 7, while none of the sera from 57 TCRB™~
mice between 4 and 40 weeks old showed the polyclonal
pattern against these antigens (Fig. 4). Furthermore, we
examined the reactivity of sera from 46 TCR&7~ mice between
4 and 60 weeks old against aerobic bacterial antigens
extracted from them (TCR&7") and TCRa ™~ mice. Sera from
all adult TCR8~7 mice, 10-20 weeks old, as well as older mice
(20-40 weeks) showed the polyclonal recognition pattern.
Even the sera from all TCR&/~ mice >1 year old demonstrated
this polyclonal pattern (Table 2 and Fig. 3).

Some TCRyd* T cells have been shown to be capable of
reacting with heat-shock protein from bacteria and viruses
(29). Heat-shock proteins have the ability to act as superanti-
gens. Therefore, we examined the reactivity of sera from
TCRa 7~ mice. against various bacterial heat-shock proteins
derived from bacteria exposed to heat and EtOH. There were
no obvious differences in the reactivity of sera from TCRo ™~
and TCR&™ mice of different ages with proteins from stressed
or non-stressed bacteria (data not shown).

Production of autoantibody against tropomyosin

Since antibodies against tropomyosin have been detected in
patients with UC and in experimental animals including
TCRa./ mice (17-20). we also investigated whether the
change in immunoreactivity from a polyclonal to an oligoclonal
pattern against cecal aerobic bacterial antigens also resulted
in the development of antibody against tropomyosin, a cyto-
skeletal protein, in TCRo ™~ mice.

The sera from TCRo”~ mice exhibiting a polyclonal recogni-
tion pattern as well as those from wild-type mice did not
react with tropomyosin by ELISA and Western blot analysis.
However, in TCRe™~ mice showing an oligoclonal recognition
pattern, the reactivity of sera against tropomyosin was mark-
edly increased in comparison with wild-type, TCR8™~ and
TCRo~ mice expressing a polyclonal recognition pattern
(Fig. 5). These findings suggest that the alteration of the
recognition pattern from polyclonal to oligoclonal may be
associated with the production of autcantibodies.

To confirm that the reactivity observed in ELISA was indeed
due to tropomyosin, Western blot analysis of tropomyosin and
troponin (a binding protein to actin and tropomyosin) was
carried out with sera from TCRo™ mice and with an anti-
tropomyosin mAb (lgG1 subclass) (Fig. 5). Identical bands
at 36 and 39 kDa were detected with the TCRa ™ sera and
anti-tropomyosin mAb. However, these sera and the mAb
showed no reactivity against troponin (data not shown). These
findings suggest that the reactivity of sera from TCRa™ mice
against tropomyosin is specific.

To characterize the Ig subclass of autoantibody against
tropomyosin, Western blot analysis using antibodies to total
Ig, IgM, IgA, IgG, IgG1, IgG2a or IgE as second antibody
was performed. The autoantivody produced by TCRa ™~ mice
was primarily of IgG2a subclass; faint reactivity was observed
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Table 2. Recognition pattern of sera against aerobic bacterial antigens?®

Age (weeks) TCRo™" TCR&™ Wild-type mice
No. of mice Poly Oligo No. of mice Poly Oligo No. of mice Poly Oligo

8-15 22 21 1 Sl §] 0 5 5 Q
(95)° (5) (100) (100)

15-20 36 24 12 5 5 0 7 7 0
(67) (33) (100) (100)

20-25 34 12 22 6 6 0 14 14 0
(35) (65) (100) (100)

25-30 49 15 34 11 11 0 8 8 0
(31 (69) (100) (100)

>30 28 5 23 18 18 0 7 7 0
(18) (82) (100) (100)

aWestern blotting analysis with sera from TCRa”~, TCR&7 and wild-type (TCRa™ and C57BL6) mice against cecal aercbic bacterial

antigens. isolated from mice of the same strain as the source of sera.

®The numbers shown in parentheses indicate percentage showing the reacting pattern.
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Fig. 3. Comparison of immunoreactivity of sera from TCRa ™, TCR&
and TCRa ™"~ mice against aerobic bacterial antigens extracted from
their own cecum (TCRa”~, TCR3™~ and TCRa ™/~ mice respectively)
by Western blotting analysis. The numbers shown on the top indicate
the age (day after birth) of the mouse whose sera was used. The
recognition pattern changed from polyclonal to oligoclonal at ~20
weeks old in the TCRo”™ mice. In contrast, the polyclonal pattern
was preserved in the TCR8" and TCRa ™~ mice. Mol. wt is shown
on the left side in kDa.

for IgM antibody. IgA, 1IgG1 (Fig. 6) and IgE (data not shown)
antibodies were not detected.

Correlation between the alteration of the recognition pattern
to oligoclonal and the development of IBD

The severity of IBD was determined by histological analysis
of colon. All TCRa**~ and TCR&” mice showed no IBD.
Among 62 TCRe#~ mice revealing a polyclonal recognition
pattern against cecal bacteria, 26 mice (42%) showed IBD;
severe disease was found only in 11 mice (18%). On the
contrary, 71 mice out of 79 (90%) TCRe ™ mice revealing an
oligoclonal recognition pattern exhibited BD. Furthermore,
48 of these mice (61%) manifest severe disease (Table 3).

Fig. 4. Comparison of immunoreactivity of sera from TCRa~, TCRB™~
and RAG-17" mice against aerobic bacterial antigens extracted from
their own cecum (TCRa ", TCRB™~ and RAG-17" mice respectively)
by Western blot analysis. The age of the mouse is indicated by the
number on the top. The TCRa’ mice, but not TCRB/ and RAG-1/
mice, show a polyclonal pattern. Silver staining of aerobic bacterial
proteins, extracted from TCRa " and TCRpB " mice, is shown. Arrows
indicate mol. wt (kDa).

These results indicate that the alteration of the recognition
pattern against cecal aerobic bacterial antigens such as
E. coli from polyclonal to oligoclonal is strongly associated
with the development of IBD.

Discussion

Although the etiology of human IBD (UC and Crohn’s disease)
is unknown, it is generally believed that alteration of mucosal
immune responses to lumenal antigens is involved in the
pathogenesis of these inflammatory disorders. Recently, spon-
taneous development of IBD in experimental animals has
been described in mice with T cell-deficient states (TCR
mutant mice) or absence of certain cytokines (IL-2 and IL-10
mutant mice) and in rats transgenic for HLA-B27 (6-10). The
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Fig. 5. Scatterogram showing reactivity of sera (1:100 dilution) against
tropomyasin by ELISA. TCRa™~mice were separated into two groups:
mice revealing a polyclonal recognition pattern (poly) and mice
revealing an oligoclonal recognition pattern  (oligo). The
immunoreactivity of sera from TCRo ™~ mice showing an oligoclonal
recognition pattern against aerobic bacterial antigens was
significantly (P < 0.001) higher than that from other groups.
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Fig. 6. |g isotyping of autoantibody. produced in TCRo™""mice, against
tropomyosin by Western blotting. Anti-tropomyosin (IgG1 subclass)
mAb shows two bands (36 and 39 kDa) following incubation with
anti-mouse Ig and IgG1, but not [gG2a as secondary antibody in the
staining method. Sera from TCRo™ mice showing an oligoclonal
recognition pattern revealed the same mol. wt bands when anti-
mouse 1g. IgM, and 1gG2a, but not IgA and IgG1 were used as
secondary antibody in the staining method.

absence of disease in IL-2-deficient mice and HLA-B27
transgenic rats under germ-free conditions supports the con-
tention that enteric bacteria are important in the development
of IBD (8,11,12).

The present study examined the humoral response to
bacterial antigens extracted from the cecum and the produc-
tion of autoantibody in TCRo™~ mice that consistently develop
a UC-like disease. For comparison purposes, we also tested
the humoral responses in wild-type mice and mice with a
mutation in the TCRS or TCRB genes. The sera from 8- to 20-
week-old TCRa mice and all TCR&” and wild-type mice
showed a polyclonal pattern of reactivity against aerobic
bacterial antigens extracted from their own cecum. In contrast,
the sera from TCRB~ mice did not exhibit reactivity with their
cecal bacterial antigens suggesting that humoral response
to cecal aerobic bacterial antigens may not be directly
involved in the development of colitis in TCRB™ mice. Since
both TCRo?~ mice and TCRB™ mice contain TCRyS T cells,
it is unlikely that the immune response tc bacterial antigens
is due to TCRy3 T cells. Furthermore, the presence of normal
numbers of TCRyd™ intestinal intraepithelial lymphocytes in
germ-free mice suggests that TCRy3" cells are not primarily
involved in the recognition of bacterial antigens (30). The
TCRP chains on the surface of TCRa B~ cells in thymus are
associated with CD3g, yand & chains and CD3{{ dimers (31),
and disulfide-linked with a pre-T cell receptor o (pTa), gp33,
that may play a role in early T cell development (32,33) and
in thymocyte expansion (34). However, the pTa gene product
is undetectable in peripheral CD4* TCRo"B~ T cells of TCRa ™~
mice. indicating the presence of another mechanism for TCRP
surface expression by these cells (35). The immune response
to the T cell-dependent antigen, ovalbumin. is notably absent
in TCRB~~ mice and weakly present in TCRo™~ mice (14). It
is therefore possible that the TCRB chain in peripheral T cells
of TCRo™~ mice may be associated with an unknown molecule
and may be capable of recognizing enteric bacterial antigens.
In a recent study of CD4%* TCRB™ T cells isolated from
bronchoalveolar fluids from influenza virus-infected TCRa~
mice, these cells were shown to be reactive with endogenous
(Mls-1) and bacterial (staphylococcal enterotoxin B) superan-
tigens (16). Therefore, it is also possible that the recognition
process for normal enteric bacterial antigens by TCRo ™ T
cells may be similar to the response to superantigens as
recognized by the TCRB chain alone (36). We have recently
shown that CD4" TCRa B~ T cells are capable of secreting
IL-4 when activated with an anti-TCRp antibody in vitro (17).
Taken together, these findings indicate that the TCRB chain

Table 3. Severity of IBD and immune response to cecal bacteria®

Recognition pattern No. of mice Severity of IBD (no. of mice) Reactivity to tropomyosin (ODyps)
Normal Mild Se\)ere -

Polyclonal 62 36 15 11 0.156 = 0.013

Oligoclonal 79 8 23 48 0.553 + 0.089

#Severity of IBD in TCRa™" mice showing a polyclonal and an oligoclonal recognition pattern with sera against cecal aerobic bacterial
antigens from TCRo ™™ mice was evaluated by histological examination of the colon
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(TCRaB™) alone may be involved in the recognition of non-
pathogenic aerobic bacterial antigens.

Interestingly, we found that the immune response to aerobic
cecal bacterial antigens changed with age in TCRo”™ mice,
but not in other mice tested. The polyclonal pattern recognized
by the sera from younger mice (8-20 weeks old) changed to
an oligoclonal pattern in older mice (>20 weeks old). We
have also found that there is transition of recognition pattern
from polyclonal to oligoclonal against the anaerobic bacteria
Bacteriodes (unpublished results). This alteration may reflect
the presence of dominant bacterial antigens that are recog-
nized by CD4™ TCRa B~ T cells. In some organ-specific
autoimmune disease models. a restricted usage of the Vj
region has been described (37). It has recently been reported
that the recognition of superantigens by the TCRp chain might
also be modulated by the TCRa chain (38). Therefore, the
lack of TCRa chains may induce a skewed usage of TCRf
chains, resulting in the transition of the recognition pattern
against bacterial antigens to oligoclenal in TCRo™ mice. In
addition, the expression of TCRa, but not TCRB mRNA is
required for expression of antigen-specific suppressor factor
bioactivity {39,40). Therefore, the absence of the TCRa chain
may lead to an unregulated immune response to bacterial
antigens after the recognition by CD4" TCRoB* T cells.
Alternatively. TCRy3" T cells can play immunoregulatory func-
tions; TCRy8* T cells have been shown to have unique
regulatory functions during certain immune responses (41),
are capable of activating B cells producing autoantibodies
(42), are involved in the development of autoimmune inflam-
mation (43), and have an immunoregulating role in oral
tolerance (44.45). It has been reported that TCRY3™ T cells
are able to cross-regulate TCRaf T cells responses (45).
Therefore, we cannot rule out the possibility that TCRy3* T
cells that are expanded in TCRo ™~ mice may also be involved
in the alteration of immune responses to bacteria after the
recognition of bacterial antigens by TCRa B~ T cells.

Patients with UC have been shown to have detectable
antibodies to tropomyosin, a cytoskeletal protein present in
colonic epithelial cells (18-20). Since tropomyosin shares
immunogenic epitopes with group A streptococcal M proteins,
it is quite possible that aercbic bacterial proteins in the
intestinal lumen can generate autoantibody formation to
colonic tropomyosin. We detected antibodies to tropomyosin
in TCRo'~ mice. Interestingly, there was a correlation between
the titer of anti-tropomyosin antibodies and the presence of
an oligoclonal reaction pattern against aerobic cecal bacterial
antigens. It has been suggested that many autoantibodies
are produced as a result of bacterial and viral antigen
recognition, which have certain structural similarities with self-
antigens in not only individuals with autoimmune disease, but
also healthy individuals (1,46). These antibodies could help
in removing proteins eluted from dead cells (1,46). We propose
that the polyclonal immune response, preserved in normal
conditions. against enteric bacterial flora associates with the
production of autoantibodies which remove dead cells. On
the other hand, the transition into an oligoclonal pattern of
recognition results in overproduction of restricted types of
autoantibodies such as anti-tropomyosin that may be involved
in tissue damage. A possible role of microorganisms in the
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development of autoimmune diseases has been proposed
(4,21).

Although TCRo™~ mice maintained in pathogen-free condi-
tions showed severe colonic inflammation, there was no
evidence of systemic autoimmune diseases (7). In another
strain of TCRa™" mice, autoantibodies against nuclear ant-
gens such as small nuclear ribonucleoproteins have been
detected (47). It is possible that TCRa™ mice may develop
other autoantibodies when exposed to conventional housing
conditions, in which the mice may be exposed to large
varieties of microorganisms in comparison with pathogen-free
conditions.

The findings in the present study suggest that the absence
of the TCRa chain is associated with an oligocional response
to enteric bacteria and the development of autoantibodies
and IBD. Whether the altered immune response is directly
involved in the pathogenesis of IBD in TCRa™~ mice needs
to be determined in future studies.
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