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Abstract

T cell responses directed toward TCR-derived peptides have been shown to be an important
regulatory mechanism of protection against autoimmunity. Here, we show that a naturally induced
TCR-directed immune response can delay the onset of collagen-induced arthritis (CIA), an animal
model of autcimmune rheumatoid arthritis in humans. DBA/1 mice were preireated with an
immunodominant peptide, p245-270, from bovine type Il collagen (bClHl) and were subsequently
immunized with whole bCli for the induction of arthritis. The results showed that preactivation of
p245-270-reactive cells delayed the onset and reduced the severity of CIA, compared with animals
in the control group. Interestingly, the serum antibody response o bCll and the bCll-specific
cytokine were not affected under these conditions. This result indicates that the observed
protection was neither directly due to a lower antibody response nor due to the immune deviation
of the anti-bCll T cell response. Furthermore, immunization with p245-270, but not bCll, induced a
strong response to the B5 peptide, an immunodominant region of the TCR V8.2 (amino acids
76-101) that binds very strongly to I-Ad. These data suggest that at a critical phase in the loss of
self-tolerance, an effective anti-TCR response, induced naturally, can regulate the pathogenic
autoimmune response and thus may provide protection against autoimmunity.

Introduction

Coltagen-induced arthritis (ClA) is a disease mode! of human
autoimmune rheumatoid arthritis and can be induced by
injection of susceptible animals with heterologous type Il
collagen (Cll) in adjuvant. Both MHC and non-MHC genes are
involved in the susceptibility to CIA, and H-29 and H-2" mice
are the most susceptible haplotypes (1). As in most
autoimmune disease models, autoreactive T cells are essen-
tial in CIA. Cll-reactive CD4+ T cells, derived from DBA/1 mice,

were shown to deveiop attenuated CIA by passive transfer
(2,3). Also, by immunohistological techniques, CD4+ and 1L.-2
receptor-expressing T lymphocytes were regularly detected in
the affected joints (4). Antibody to collagen molecules can also
transfer attenuated disease (5), indicating that a humoral
response to Cll is also involved in this disease. Early studies of
Osman et al. showed that Cll-reactive T cell hybridomas in
DBA/1Lacd mice preferentially use the TCR Vg8.2 gene

Correspondence to. A. Honda; E-mail: aki@educ.cc keio.ac.jp

Transmitting editor: K. Okumura

Received 4 December 2003, accepted 22 February 2004



738 Vaccination with an immunodominant peptide of bCll

segment (6). Thus, anti-V8.2 antibody treatment also resulted
in a significant reduction in the incidence of arthritis in DBA/
1lLacd mice.

Self-reactive T ceils bearing the V8.2 gene segment are
often utilized in experimental autoimmune disease models,
such as experimental autoimmune encephalomyelitis (EAE)
(7) or diabetes in non-obese diabetic (NOD) mice (8). In earlier
studies it was shown that natural remission of EAE was
accompanied by an immune response against the TCR
peptide from the V8.2 chain (9). Furthermore, we investigated
the T cell proliferative response against various TCR V8.2-
derived peptides and found that the immune response against
the B5S peptide corresponding to residues 76-101 of the TCR
V8.2 chain was spontaneously induced in EAE-susceptible
mice (10). We found that CD4+ regulatory T cells that
recognize B5 and CD8* requlatory T cells that were reactive
to a different Vg8.2 determinant from the CDR1/2 region
(corresponding to 41-50) controlled the disease. Furthermore,
we found that injection of B5 peptide has a suppressive effect
against ClA (11) as well as EAE. In this study we show that CIA
was significantly delayed and inhibited by the injection of
p245-270, an immunodominant determinant of bovine ClI
(bCll) in DBA/1 mice, through activation of the B5-specific
regulatory T cells. Notably, the B5 peptide binds to the I-Ad
molecule with a high binding affinity. These data suggest that
during an autoimmune response to self-Cll, feedback
TCR-peptide-reactive regulatory T cell responses are also
induced which are involved in the maintenance of peripheral
self-tolerance.

Methods

Mice

Female DBA/1lLacd and DBA/1JNCrj (referred to as DBA/1J)
mice (6-8 weeks old) were obtained from the Jackson
Laboratory (Bar Harbor, ME) and Charles River Japan
(Yokohama, Japan) respectively.

Protein and peptide

bCll used for experiments with DBA/1LacJ mice was pur-
chased from the Institute Jacques (Paris, France). bCll used
for experiments with DBA/1J was purified by the salting-out
technique after the digestion of bovine joint cartilage with
pepsin. its purity was confirmed by SDS-PAGE analysis. B1
(amino acid 1-30 with an additional C-terminal leucine) and BS
{(amino acids 76-101) peptides from mouse TCR V8.2, chain,
hen egg lysozyme (HEL) 74-90 and B-Lg119-133 were
synthesized by Dr S. Horvath at the California Institute of
Technology (Pasadena, CA) and purified by reversed-phase
HPLC, as described earlier (12). Peptides of residues 245-270
(p245-270) and 316-333 (p316-333) from bCll were synthe-
sized with a 430A machine (Applied Biosystems, Foster City,
CA), and purified with reversed-phase HPLC.

The sequences of peptides used in this study were: p245-
270 (bCIN), ATGPLGPKGQTGEPGIAGFKGEQGPK; p316-333
(bCll), GFBGADGIAGPKGPBGER; B1 (TCRVg8.2 1-30L),
EAAVTQSPRNKVAVTGGKVTLSCNQTNNHNL; B5 (TCRV8.2
76-101), LILELATPSQTSVYFCASGDAGGGYE; HEL74-90,

NLCNIPCSALLSSDITA;  HEL93-113, NCAKKIVSDGNGM-
NAWVAWRN; B-Lg119-133, CQCLVRTPEVDDEAL.

CIA induction

Ten DBA/1J mice in each group were injected intradermally at
the base of the tail with 100 wl of an emulsion containing (i) bCl
p245-270 (15 pg/mouse) plus complete Freund's adjuvant
(CFA; Difco, Detroit, Mi), (i) bCll p316-333 (10 ug/mouse)
plus CFA, (iii) PBS/CFA or (iv) nothing, and 14 days later they
were further injected with bCll (100 ug/mouse) plus incom-
plete Freund's adjuvant (IFA; Difco). The peptides and bCll
were dissolved in PBS and 0.06% acetic acid respectively,
and emulsified with the same volume of adjuvant. The clinical
severity of the arthritis was assessed according to an arthritis
scale for each limb, which was subjectively graded on a scale
of 0-3: 0 = absence of arthritis, 1 = one finger swelling or mild
swelling, 2 = two fingers swelling or swelling of tarsus and
ankle, and 3 = hard swelling or bony deformity. A sum of the
scale for four paws of a single mouse was calculated and a
total of this sum in a group of mice was obtained. The arthritic
index was defined by dividing this total by the number of mice
in the group. Blood was taken every 10 days during the
observation period to measure the antibody in the serum. Ten
mice in each group were injected with bCll p245-270/CFA,
bCll p316-333/CFA, PBS/CFA or nothing and then all the mice
were s.c. immunized with bCll for the induction of the disease.
We determined the severity of the arthritis by calculating the
arthritic index for these four groups of mice (Fig. 1). We also
compared the incidence of arthritis by calculating the per-
centages of arthritic mice and arthritic legs in each group. A
mouse was regarded as arthritic when an individual had
swelling in at least one leg. The percentage of arthritic mice
was obtained by dividing the number of arthritic mice by the
total number of mice in each group. The percentage of arthritic
legs was obtained by dividing the number of arthritic legs by
the number of all mice for each group; arthritic legs were those
having swelling or deformity.
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Fig. 1. The arthritic index of CIA after preimmunization with
bCll-derived peptide. Groups of DBA/1J mice (10 in each) were
preimmunized with p245-270 (circles) or p316-333 (inverted
triangles) or PBS (diamonds) or were not preimmunized (squares)
on day 0. CIA was induced on day 14 by injecting mice with bCll
plus IFA, as described in the Methods. The data were analyzed by
the Mann-Whitney U-test. *Significant difference at P < 0.05.



ELISA for detecting anti-bCli antibody in the serum

The titer of anti-bCHf antibody in serum from mice treated for the
ClA induction previously described was determined by ELISA.
bCll was dissolved in PBS at a concentration of 100 pg/ml by
heating; it was incubated in the wells of Maxisorp plates
(Nunc, Roskilde, Denmark) overnight at 4°C. The solutions
were removed and the wells were washed with PBS-Tween
(0.05% Tween 20 in PBS). The serum samples were diluted
with PBS-Tween and incubated in the wells for 2 h at room
temperature. Bound antibody to the solid phase was detected
by two sequential sets of incubation with alkaline phosphatase
(ALP)-labeled anti-mouse subclass antibody for 2 h and its
substrate of p-nitrophenylphosphate disodium salt for ~30 min
after washing the wells with PBS-Tween. The conjugates used
here were ALP-labeled anti-mouse IgG1, 1gG2a and IgG2b
(all from Zymed, South San Francisco, CA). Color develop-
ment was measured at 405 nm.

Cell preparation and culture for proliferation and cytokine
release assay

DBA/1J mice were s.c. injected with bCll p245-270 plus CFA
H37Ra, PBS plus CFA or nothing. Seven days following the
preinjection, the mice were immunized with 100 ug of bCll plus
IFA in the base of the tail or treated with nothing. After 10 days,
lymphocytes were removed from popliteal and inguinal lymph
nodes and cultured at 5 X 105 in each well of a 96-well plate
with 200 pl of RPMI 1640 containing 10% FBS with or without
B5 (amino acids 76-101, TCRVp8.2) peptide or p245-270.
IFN-y in the supernatant was determined by sandwich ELISA
using R4-6A2 (PharMingen, San Diego, CA) as the first
antibody and XMG1.2 (PharMingen) as the second antibody.
In other experiments, DBA/1Lacd mice were s.c. vaccinated
with p245-270 (10 pg/mouse) plus CFA or PBS plus CFA as
controls. Lymphocytes were taken and cultured in the protein-
free medium X-vivo 20 (Biowhittaker, Walkersville, MD) with
either BS or B1 (amino acids 1-30, 31L, V8.2), or without any
antigenic peptide. Three days later, 1 uCi [BH]thymidine was
added to the culture and incubated overnight. The incorpor-
ation of thymidine into cultured cells was measured by liquid
scintillation.

Competitive-binding assay of B5 (amino acids 76-101,
TCRV8.2) to I-A9 molecules

I-Ad9 molecules were purified from spleens of untreated DBA/
1J mice as previously described (13). In brief, splenocytes
from DBA/1J mice were solubilized and |-A9 molecules were
purified with affinity column using anti-I-A% antibody M5/
114.15.2. Binding assay was performed as previously re-
ported (14). The purified 1-A% molecule (14 nM), 2 uM or
absence of biotinylated B-Lg119-133 with various concentra-
tions of B1, B5, B-Lg119-133 or without competitor peptide
were preincubated in-50 mM citrate/phosphate buffer, pH 5.0
containing 0.2% NP-40 and 2 mM EDTA at 37°C for 48 h.
Meanwhile, Nunc Maxisorp plates were coated with anti-rat Ig
at room temperature for 2 h and with M5/114.15.2 for another 2
h. Non-specific binding was blocked at 4°C for overnight with
50 mM Tris-HCI, pH 7.5 containing 0.3% BSA and 0.1% Tween
20. The incubated mixtures were transferred to the plate and
incubated for 1.5 h at room temperature. Biotinylated peptide
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bound to the I-A9 molecule was detected with AP-sireptavidin
(Zymed) by development with its substrate, p-nitrophenylpho-
sphate disodium. Color development was measured at
405 nm.

Results

Suppression of CIA by preimmunization with bCll p245-270

CIA can be induced in H-29 DBA/1 mice by injection with bCl|
plus adjuvant. In our case, a single injection of 6- to 8-week-old
ferale DBA/1J with bCH plus IFA could efficiently induce CIA
with almost 100% incidence. Previous reports (15,16) and our
results (data not shown) had indicated that p245-270 con-
tained a dominant T cell determinant, judged from the
significant proliferative response to p245-270 in lymph node
cells from mice immunized with bCll. DBA/1J mice were
preimmunized with p245-270 from bCll plus CFA in order to
activate T cells specific for the immunodominant determinant
in this region. We studied the effect of this preactivation of the
dominant T cell population on the incidence of CIA. The datain
Fig. 1 indicate that p245-270 preimmunization delayed the
onset of arthritis and reduced the severity of the disease,
compared with the other three groups of mice. The percent-
ages of arthritic legs and arthritic mice for the four groups
showed a similar pattern to that of the arthritic index. We also
tested another schedule for studying the effect of p245-270
preimmunization. Before injection with bCll, the mice were
treated twice with p245-270 or other peptides. Also, in this
experimental set-up (data not shown), the onset of CIA was
much delayed and the severity was reduced compared with
mice in the other three groups. When we preinjected mice with
p245-270, 35 days before injection with bCli (data not shown),
the onset of CIA was also suppressed. However, the efficiency
of the delay was less than with other protocols having shorter
intervals between the p245-270 and bCll injections.

Suppression of CIA is independent of alterations in the
antibody response or immune deviation of the anti-bCll
response

We next examined the antibody response to bCll in the serum
of individual mice from the four groups. The antibody titer
versus the days after the first treatment of mice was plotted.
After 21 days from the first treatment, the IgG1 and IgG2a
titers to bCll increased. Although the onset and the severity of
ClA were altered by bCll p245-270 preimmunization, the 1IgG1
antibody response to bCll was similar to that of the other three
groups of mice (Fig. 2A). The response of IgG2a possessing
complement-binding activity has been proposed to be more
relevant to CIA than the IgG1 response (17). However, the
mice preinjected with p245-270 showed an IgG2a titer
specific for bCIHl that was similar to the other groups
(Fig. 2B). These observations indicate that the suppression
of ClA by p245-270 preimmunization was independent of the
antibody responses to bCll.

Furthermore, we measured the amount of IFN-y secreted by
T cells specific for p245-270 (Fig. 3). Since the balance of the
cytokines produced by T,,1/T,,2 subsets of the Ty, cells plays an
important role in the development of CIA (18), we considered
that the regulation caused by preimmunization with p245-270
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Fig. 2. Antibody responses against bCH. Anti-bCll IgG1 (A) and IgG2a (B) antibody amounts in the serum of individual mice were measured.
Mice were the same as those shown in Fig. 1. Each symbol indicates absorbance for each individual mouse by ELISA and the average values
for each day are linked with a straight line. Each panel indicates the following group: ‘bCIl" = mice immunized with bCll plus IFA without any
preimmunization; ‘PBS + bCll' = mice preimmunized with PBS plus CFA on day 0 and immunized with bCll on day 21; 'p316-333 + bCl’ =
mice preimmunized with p316-333 on day 0 and immunized with bCll on day 21; ‘p245-270 + bCll" = mice preimmunized with p245-270 on
day 0 and immunized with bCll on day 21,

might have been due to T,,1/T,,2 deviation. However, the IFN-y preimmunized with p245-270 before the immunization with
response against p245-270 was clearly shown in mice bCllin a dose-dependent manner. The IFN-yresponse against
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Fig. 3. The IFN-y production of lymphocytes specific for p245-270.
The triangles indicate the response of DBA/1J mice immunized with
p245-270 on day O without further treatment; circles, preimmunized
with p245-270 on day O and immunized with bCll on day 7,
squares, immunized with bCll without preimmunization; diamonds,
preimmunized with PBS on day 0 and immunized with bCll on day
7. Lymphocytes were taken on day 17 and cuitured with different
concentrations of p245-270 or without antigen.

p245-270 could not be detected in mice immunized with bCll
without preimmunization with p245-270. A slight response
was shown in mice immunized with p245-270 without further
immunization. We also tested IL-2 and IL-4 included in the
same supernatant with a bioassay. No significant difference
between the two groups was apparent (data not shown).
These results implied that regulation of CIA by preimmuniza-
tion with p245-270 was not due to T,1/Th2 deviation.

We then considered the possibility that preimmunization
with p245~270 regulated CIA via the activation of a natural
immune regulatory system (11). We have shown earlier that a
TCR-specific immune regulatory response inhibited CIA. We
set out to examine whether immunization of DBA/1J mice with
p245-270 could activate a TCR-specific response.

Immunization of DBA/1J mice with bCll p245-270 induces

a T cell response against the dominant TCR peptide

(B5: amino acids 76-101, V8.2)

Lymphocytes from individual DBA/1J mice immunized with
p245-270 or control mice were examined for a TCR-specific
proliferative response (Fig. 4A and B). Mice immunized with
p245-270 showed proliferative responses to the B5 peptide,
but not to the control peptide B1 (amino acids 1-30L, Vg8.2).
We found similar data indicating a response to B5 in a
repeated experiment using pooled lymphocytes from another
set of three mice. Interestingly, lymphocytes from mice
injected with PBS plus CFA also proliferated against B5,
although the response was much weaker than those from mice
immunized with p245-270. This result is consistent with the
data in Fig. 1, which showed that PBS plus CFA or control
peptide plus CFA delayed the onset of CIA. We also found that
splenocytes from some, but not all, individuals showed T cell
proliferative responses against B5 even without any treatment
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(unpublished data). These facts imply that the TCR-specific
response represents a physiological immune regulatory
system that is very easily triggered. Previous reports sug-
gested that B5-specific CD4+* regulatory T cells are required to
produce a Tp1 response for effective regulation and preven-
tion of autoimmune disease (19). We measured the BS5-
specific IFN-y response of lymphocytes from the mice that
were treated with the same schedule as the CIA induction
(Fig. 4C). The result indicated that immunization only once with
p245-270 induced a significant [FN-y response to B5 and that
preimmunization with p245-270 before immunization with bCll
induced the strong IFN-y response to the B5 peptide,
suggesting that immunization with p245-270 before the
induction of CIA induced an effective regulatory response.
On the other hand, no IFN-y was detected from other groups,
those preinjected with PBS or nothing, before the immuniza-
tion with bCll.

B5 (amino acids 76-101, V8.2) peptide binds to MHC
class Il [-A9 molecules

Next, we investigated whether TCR peptide B5 is able to bind
to 1-A9 molecules by a competitive-binding assay using the
biotinylated B-Lg119-133 peptide (Fig. 5). In this experiment,
increasing amounts of B1 peptide (V8.2, amino acids 1-30L),
B5 or non-labeled B-Lg119-133 peptide were added as
competitors to the mixture of I-A% and biotinylated B-Lg119-
133. The result indicated that peptides of B5 and B-Lg119-133
could bind to I-A9 molecules, while B1 did not (the slight
inhibition by B1 peptide is a background effect). It could be
shown that BS and B-Lg119-133 competed for binding to 1-A9,
suggesting that this TCR peptide binds well to I-A% molecules
and, thereby, can be presented to appropriate CD4* regula-
tory T cell populations, as has been shown in EAE (12).

Discussion

Regulation of immune responses using peptides derived from
the determinant region of Cll has been shown as an effective
method to control CIA. Development of CIA likely requires
responses of both T cells and antibodies. Although p245-270
contains the dominant determinant of Cli in H-29 mice (20), the
peptide fragment that contains p245-270 cannot induce CIA
(21) since it does not contain the appropriate B celi epitope of
Cll. However, iv. or neonatal administration of peptide
containing this determinant from chicken ClI could inhibit
CIA in DBA/1 mice (16). It has also been shown that oral
administration of human CIiI or chicken Cll determinant
peptide inhibited CIA in DBA/1 mice (22). Previously we
screened overlapping peptides derived from bCll by intra-
nasal administration and found that the peptide correspond-
ing to 253-272 of bCll could most effectively inhibit CIA {(23). In
these cases, the administration of peptides reduced either the
T cell response or the antibody response against Cli or
the immunizing peptide due to tolerization of pathogenic
lymphocytes.

Administration of peptide with adjuvant is a general protocol
for induction of antigen-specific T cells. In this report we
induced activation of bCll-reactive T cells by immunization of
DBA/1 mice with peptide plus adjuvant (Fig. 3). Thus,
regulation of CIA in our case was caused by the activation of
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Fig. 4. B5-specific proliferative responses of lymphocytes. The assay was started 10 days after immunization of four individual mice with
p245-270 (mouse 1: squares; mouse 2: circles) or PBS plus CFA (mouse 3: triangles; mouse 4: diamonds). The cells were incubated with
various concentrations of BS peptide V8.2 (amino acids 76-101, TCR V8.2) (A) or B1 (amino acids 1-30, L31, TCR Vp8.2) (B). B5-specific
IFN-y production of lymphocytes from DBA/1J mice immunized with p245-270 on day O without further treatment (triangles), preimmunized
with p245-270 on day 0 and immunized with bCll on day 7 (circles), immunized with bCll without preimmunization (squares) or preimmunized
with PBS on day 0 and immunized with bCil on day 7 (diamonds). Lymphocytes were taken on day 17 and cultured with graded

concentrations of B5 peptide or without antigen (C).

regulatory T cells, but not by the induction of tolerance.
Several reports showed that regulation of CIA due to
tolerization accompanies reduction of the Cll-specific igG2a
response (16,24). However, we have shown that bCll-specific
IgG1 and igG2a did not change by immunization with bCll
p245-270 (Fig. 2), which also shows that our protocol induced
the activation of T cells. CD4* T cells mainly differentiate into
gither Ty 1- or T.2-type effectors. Ty1-type cells produce IL-2,
IFN-y and tumor necrosis factor-B, and support ceil-mediated
immunity, whereas Tp2-type cells produce IL-4, IL-5, IL-6, IL-
10 and IL-13, and enhance humoral immune responses (25~
27). The Tn1 response has been considered to play a major
role in the pathogenesis of CIA (28). However, the role of IFN-y

may be different at different stages of the diseases, as the
administration of IFN~y can inhibit CIA (29). It is suggested
from our data that regulation of CIA through activation of Cil-
reactive pathogenic T cells by immunization with the dominant
Cli peptide may not be due to the immune deviation of the anti-
bCH response. Notably, the IFN-y response raised by p245-
270 was shown to be increased in the mice preimmunized with
p245-270, and yet the disease was significantly delayed and
inhibited.

Our data suggest that TCR peptide-reactive regulatory T
cells that are naturally induced following expansion of bCli-
reactive V8.2* cells are able to inhibit the disease. Osman
et al. established T cell clones that were specific for p245-270
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from DBA/1 mice for the characterization of the pathogenic
TCR repertoire and found that the V8.2 gene segment was
preferentially utilized (58.3%) (6). it has also been demon-
strated that the TCR V8.2 gene segment is preferentially
utilized in the EAE of B10.PL mice (H-2Y) (7), in the uveoretinitis
of B10.A (H-2%) mice (30) as well as the EAE of Lewis rats (31).
Other studies also implicate the role of Vg8.2* T celis in the
pathogenesis of NOD mice, a model for insulin-dependent
juvenile diabetes (32). Both in EAE and CIA, it has been shown
that administration of antibodies specific for V8.2 significantly
protects animals from disease (7,33,34). Therefore, we have
examined the possibility that CIA was inhibited by an immune
regulatory mechanism involving TCR V8.2 determinants.

We have already shown that immunization of DBA/1LacJ
mice with B5 peptide, corresponding to amino acids 76-101 of
the TCRVp8.2 framework region, results in significant protec-
tion of the animals from CIA (11). Response to the B5 peptide
was found to be naturally induced during the course of EAE in
B10.PL mice. Both CD4* and CD8* regulatory T cells were
necessary when remission of EAE was to occur. Furthermore,
CD4+ regulatory T cells were shown to be specific for the B5
peptide, whereas CD8+ regulatory T cells were specific for a
distinct peptide from the CDR1/2 region of the V8.2 chain.
EAE was inhibited by priming a Th1-type response against B5,
whereas EAE was enhanced by Tn2-type priming (19). We
have hypothesized that both CD4+ and CD8+ regulatory T cells
recognize each of the TCR-derived peptides that were
processed in professional antigen-presenting cells (APC)
through the turnover of effector T cells. IFN-y secreted by
CD4~ regulatory T cells was considered to be necessary for
the recruitment/activation of CD8* regulatory T cells and the
consequent inhibition of effector T cells. CD8* T cell activation
probably occurs through a CD40 signal that enhances antigen
processing and up-regulates co-stimulatory molecules on
APC.

Our results show that immunization of DBA/1J mice with
p245-270 induces an anti-BS response accompanied by IFN-y
secretion. As shown earlier (11), the immunization of DBA/1J
mice with BS down-regulated the immune response against

bCll and p245-270. We have also established B5-specific T
cell lines from DBA/1 Lacd. Their responses to B5 were
inhibited by anti-CD4 or anti-MHC class II antibodies (Koh,
unpublished data). We propose that the expansion of V8.2%
effectors and their turnover jn vivo lead to processing and
presentation of a B5-like peptide by APC. It is evident from our
data that B5 is likely to be presented by APC, because it
displays a strong binding affinity for the 1-A% molecule (Fig. 5).
The expansion of effector T cells bearing V8.2 was not strong
enough to induce effective regulation through bCll immuniza-
tion; however, it becomes strong when the dominant deter-
minant is used as the immunogen.

Jolly et al. reported that the expression of TCR V8.2 from
the unrearranged gene in a murine lymphoid precursor cell
line is higher than that of other Vg members of the repertoire at
an early phase of T cell differentiation (35). It may be possibie
that V8.2 plays an unknown role in the body and the anti-B5
response may be a general regulatory system for the control of
the immune response.

In EAE, a B5-specific T cell response was induced during
the natural remission of the disease. We induced such a
response through the activation of Vg8.2+ T cells specific for
the dominant determinant region of the antigen, bCll.
induction of the regulation by activating the dominant deter-
minant-specific response has not been reported by others.
Considering both of these cases with EAE and CIA, we can
propose that the TCR peptide B5-specific T cell represents an
important focus of the immune regulation system. Thus, B5-
specific responses could be frequently induced by immune
responses towards self-antigen, especially when the V8.2 T
cells comprise a significant portion of the response.

The inflammation of limbs in mice suffering from CIA usually
setlles gradually, although they cannot be completely cured
due to irreversible bony deformities. However, a reduction in
the inflammation is the important aspect for therapy of
rheumatoid arthritis. It is possible that eventual reduction in
the inflammation is caused by a naturally induced anti-TCR
response following immunization with bCll. Immunization with
bCll may only have induced a weaker anti-TCR response
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compared to immunization with p245-270. As a consequence,
immunization with bCll induces strong CIA, whereas immuni-
zation with p245-270 leads to the regulation of the disease.
These data further suggest that the production of the clinical
manifestations of autoimmunity depend upon the balance
between the pathogenic effector and regulatory populations.
Each population undergoes its own development and then
interaction will be decisive in determining the clinical outcome,
as proposed earlier (36).

Autoimmune rheumatoid arthritis in humans and CIA have
several similarities, e.g. susceptibility depends on the genetic
background in both diseases. However, common T cell
repertoires have not been identified in rheumatoid arthritis
patients (37,38) except for a few reports showing a predom-
inant TCR usage of V11, Vo 14, V28 and Vg7, V9, V17 inthe
early phase of rheumatoid arthritis or a common usage of the
TCR Vg 14 in juvenile rneumatoid arthritis (39,40). Some reports
have demonstrated successful vaccination with peptides
derived from the TCR in rheumatoid arthritis patients (41,42).
However, it is difficult to find an effective vaccine region for
each patient, because one has to identify the dominant TCR
repertoire for each patient. Our vaccination method, which is
based upon vaccination with the dominant autoantigenic
determinant, is superior in that we do not need to identify the
dominant TCR repertoire for each patient. We assume that it is
possible to find a functional TCR peptide region correspond-
ing to the immunoregulatory BS region commonly shared by
different strains of mice.
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APC antigen presenting cell
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Abstract

Scenescence-induced changes in gut-associated lymphoid tissues may contribute largely to the impaired immune responses during aging.
Age-related changes in lymphocyte recirculations were investigated in Peyer’s patches of rat small intestine. Cell dynamics of labeled T
lymphocytes were observed under an intravital fluorescence microscope and compared between young and aged rats. Lymphocyte transport
through intestinal lymph was decreased in aged rats. The lymphocyte rolling and adherence in postcapillary venules (PCV) of Peyer’s patches
was also significantly impaired in aged rats, with decreased expression of L-selectin on lymphocyte surfaces. Immunohistochemical analysis
revealed a significant decrease in the CD8-positive cell population in Peyer’s patches of the aged group, although mucosal addressin cell
adhesion molecule-1 (MAJCAM-1) expression in postcapillary venules was unaltered. Lymphocyte adoptive-transfer studies indicated that
although both the donor and recipient factors influence the adherence of T cells, the former may play a predominant role in the age-related
change. This study clearly demonstrated in situ that T cell migration into Peyer’s patches is significantly decreased in the aged intestine, which

may reflect the impaired immune responses in the aging process.
© 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Peyer’s patches; Adhesion molecules; L-Selecting MAdCAM-1; Lymphocyte subset; Adoptive-transfer

1. Introduction

It is well established that aging is associated with sys-
temic immunodeficiency. Advancing age is associated with
B and T lymphocyte dysfunctions and the T cells in the
elderly are often characterized by altered phenotypes, re-
duced responses to mitogens and impaired cytokine pro-
duction (Ernst et al., 1993; Flurkey et al., 1992; Okumura
et al., 1993). It is likely that these age-related T cell deficits
contribute to diminished B cell and antibody responses
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(Zharhary, 1986). The gastrointestinal tract in the elderly
is particularly susceptible to infectious and inflammatory
diseases, suggesting that mucosal immune defenses are
compromised (Schmucker et al., 1996, 2001). For example,
the IgA titer in the intestinal lumen declines 15-20% be-
tween maturity and senescence in mice (Lim et al., 1981).
Furthermore, Schmucker et al. (1988) demonstrated signif-
icant declines in the intestinal IgA antibody response to
cholera holotoxin in rats. They also suggested that the de-
cline in the number of specific antibody-containing cells in
the intestinal mucosa of old immunized rats in comparison
to that in young animals suggested that ageing compro-
mises the migration of putative IgA plasma cells to the
intestinal mucosa (Schmucker et al., 1988; Van der Heijden
et al., 1988). Recently, Koga et al. (2000) demonstrated
that age-associated alterations in antigen-induced cytokine
responses occur earlier in the mucosal immune system than
in the systemic immune compartment. Despite reports of

0047-6374/$ — see front matter © 2003 Elsevier Ireland Ltd. All rights reserved.
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age-associated changes in the mucosal immune system,
the mechanisms underlying mucosal immunosenescence
remain poorly understood.

During immune surveillance, naive lymphocytes prefer-
entially enter secondary lymphoid organs where they sam-
ple sequestered antigens before returning to the circulation.
Naive lymphocytes usually migrate very efficiently from the
blood into secondary lymphoid tissues, such as lymph nodes
and Peyer’s patches, by extravasating through the endothe-
lium of specialized postcapillary or high endothelial venules
(HEV) (Butcher and Picker, 1996; Girard and Springer,
1995). Lymphocytes are thought to enter secondary lym-
phoid organs through a cascade of steps (Springer, 1994).
In mice, the ®4/B7 heterodimer is the principal homing
receptor that mediates the tissue-specific binding of lym-
phocytes to venules in the gut-associated lymphoid system
by interacting with the endothelial mucosal addressin cell
adhesion molecule-1 (MAdCAM-1) (Berlin et al., 1993;
Briskin et al., 1993; Fujimori et al., 2002). Furthermore,
studies have shown that there are several adhesion molecules
with overlapping functions (Bargatze et al., 1995). Recently
Schmucker et al. (2000) reported the effect of ageing on
the expression of lymphocyte homing molecules in the rat
intestine. However, we are unaware of any data concemn-
ing ageing affects on lymphocyte—endothelial interactions in
Peyer’s patches.

Recently, we developed a method for monitoring the dy-
namic in vivo process of lymphocyte migration into rat small
intestinal Peyer’s patches using intravital microscopy and
fluorochrome carboxyfluorescein diacetate succinimidyl es-
ter (CFSE) (Miura et al., 1995). In the present report, this
procedure was employed to investigate how ageing modifies
the initial interaction of T lymphocytes with postcapillary
venules (PCV) endothelium and to investigate the possible
contributions of changes in the expressions of «4-integrin,
L-selectin, and endothelial MAdCAM-1 expression to the
age-related changes of T lymphocyte—endothelial cell adhe-
sive interactions.

2. Methods
2.1. Collection and labeling of T lymphocytes

Male Fischer 344 rats from the National Institute on Ag-
ing colony (Harlan—Sprague—-Dawley, Inc., Indianapolis, IN)
were used in this study. The animals were segregated into
young adult (12 weeks) and older (>77 weeks) age groups
and maintained on standard laboratory chow (Oriental Yeast
Mfg., Ltd., Tokyo) and water ad lib. All animals were han-
dled according to the guidelines of the Keio University,
School of Medicine, Animal Research Committee. The rats
were anesthetized with intraperitoneal sodium pentobarbi-
tal (50 mg/kg), and the main mesenteric lymphatic duct was
cannulated as described by Bollman et al. (1948). After can-
nulation, the animals were maintained in a Bollman’s cage

and isotonic saline was infused via the jugular vein (2.4 ml/h)
to replace the fluid and electrolytes lost due to lymphatic
drainage. Lymph samples were collected in ice-cold vials
containing heparin (6 units/ml), 5% fetal bovine serum, and
RPMI 1640 medium (pH 7.4; GIBCO, Grand Island, NY).
The lymphocytes were washed three times with RPMI 1640,
containing 1% penicillin, streptomycin, and 0.1% bovine
serum albumin before separation and labeling.

A T cell-rich fraction of lymphocytes from mesenteric
lymph was obtained using a nylon-wool column. Lympho-
cytes (1 x 10%) in 20ml of RPMI medium with 1% fetal
bovine serum were incubated at 37°C for 1 h and subse-
quently passed over a nylon-wool column (Kanto Kagaku,
Japan) and the pass-through fraction was designated the T
cell-rich fraction. Lymphocyte viability was unaffected as
assessed by trypan blue exclusion.

In some experiments, T lymphocytes were separated into
CD4-positive and CD8-positive subpopulations using mag-
netic cell sorting (MACS). T lymphocytes (1 x 107 cells)
were suspended in 90 pl of phosphate buffered saline con-
taining 0.5% bovine serum albumin and 5mM ethylene-
diaminetetraacetic acid (EDTA), and incubated with 10 w1
of anti-rat CD4-labeled or anti-rat CD8-labeled MACS mi-
crobeads (Miltenyi Biotech, Bergish Gladbach, Germany)
for 15min at 6 °C. The treated T cells were passed through
a separation column (type LS, Miltenyi Biotech), which was
placed in the magnetic field of a MACS separator (Midi-
MACS, Miltenyi Biotech). The magnetically labeled CDA4-
or CD8-positive cells were retained in the column, whereas
the unlabeled CD4- or CD8-negative cells passed through.
The CD4- or CD8-negative cell populations were used for
migration studies. The purity of each lymphocyte subpopu-
lation was confirmed by flowcytometry, and the cells were
resuspended in RPMI containing 5% fetal calf serum on ice
until used. Immediately prior to transfer, suspended cells
(1 x 10% in 20ml RPMI) were incubated in carboxyfluo-
rescein diacetate succinimidyl ester (CFDASE, Molecular
Probes, Eugene, OR) for 30 min at 37°C.

2.2. Intravital observation of lymphocyte migration in rat
Peyer’s patches

The abdomen was opened via a midline incision and
12cm segment of the ileum near the ileocecal valve was
placed gently on a plastic plate for observation. The intes-
tine was kept warm and moist by continuous superfusion
with physiologic saline at 37°C. Two small proximal and
distal incisions were made and warm Krebs—Ringer solu-
tion (pH 7.4) was instilled via a tube in the proximal end in
order to maintain luminal pressure at 15 cm HyO. Areas of
the microcirculation in Peyer’s patches were observed from
the serosal side using an intravital microscope (Diaphot,
TMD-2S (Nikon, Tokyo)) equipped with a TV-video tape
recording system. The fate of the fluorescence-labeled lym-
phocytes was observed on a TV-monitor via a fluorescence
microscope equipped with a silicon intensified target image
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tube camera (SIT) with contrast enhancement (C-2400-08,
Hamamatsu Photonics Co., Shizuoka, Japan) following ex-
citation at 470-490 nm and emission at 520 nm (Miura et al.,
1995).

Lymphocytes (3 x 107 cells in 1 ml RPMI) were injected
into the jugular vein of recipient rats over 3 min. The mi-
gration of CFSE-labeled T lymphocytes through the Peyer’s
patch microvasculature was recorded on S-VHS video tapes
during the first 20 min and at 10 min intervals for the sub-
sequent 60 min. Lymphocyte behavior in the PCV’s can be
classified into two different types according to the pattern
of their interaction with the vascular walls as assessed by
frame analysis. Lymphocytes that adhered to the wall but
exhibited movement along the vessel wall were classified as
“rolling” lymphocytes. The percentage of rolling lympho-
cytes per total number of entered cells was calculated. Lym-
phocytes that adhered to the vessel wall without movement
following transient rolling for more than 30s were classi-
fied as “sticking” lymphocytes. The number of sticking lym-
phocytes was determined in 1 mm? fields containing PCVs
25-50 wm in diameter.

2.3. Immunohistochemical study

The small intestine was removed, fixed in periodate—
lysine-paraformaldehyde (PLP) and used for immunohis-
tochemical study using labeled streptavidin biotin method.
Segments of ileal mucosa containing Peyer’s patches were
vertically embedded in OCT (Sakura Fineteck Inc., Tokyo,
Japan) and 7pm cryostat sections were used for im-
munohistochemistry. The primary antibodies were directed
against MAdCAM-1 (OST-2) (Hokari et al., 2001), rat
macrophage (ED-1), CD4 and CD8. They were visualized
by streptavidin-FITC and examined by fluorescence mi-
croscopy. Vessels positive for MAdCAM-1 in the lamina
propria and submucosa were calculated using an image an-
alyzer and expressed as the positively stained area per unit
area. The infiltrated cells were expressed as the number
of CD4-, CD8- or ED-1-positive cells per mm muscularis
mucosa.

2.4. Fluorescence-activated cell sorter analysis

T lymphocytes (1 x 10%) were washed in Hank’s bal-
anced salt solution containing 0.2% bovine serum albu-
min and 0.1% NaNj;. This medium was used throughout
the staining procedure and all incubations with antibod-
ies were performed at 4 °C for 30 min. Antibodies against
rat L-selectin (HRL3, IgGl) (Seikagaku Co., Tokyo),
ad-integrin (MRa4-1) (PharMingen, San Diego, CA) and
CD18 (WT.3) (PharMingen) were used. Lymphocytes
(2 x 10°) were incubated in antibodies directed against
ad-integrin or CDI18, washed in 400l Hank’s balanced
salt solution, centrifuged at 1500 x g for 30s (3x), incu-
bated with 1 ml FITC-labeled anti-mice IgG, washed twice,
and resuspended for analysis. L-selectin was visualized by

using a primary antibody (HRL3) and a secondary antibody,
FITC-conjugated anti-hamster IgG (Cappel, West Chester,
PA). Flow cytometry was performed using FACSort (Becton
Dickinson, Mountain View, CA), and dead cells identified
their failure to exclude propidium iodide dye, were excluded
from the data pool.

2.5. Statistics

All results were expressed as the mean &+ S.E.M. The dif-
ferences among groups were evaluated by one-way ANOVA
and Fisher’s post hoc test. Statistical significance was set at
P < 0.05.

3. Results

3.1. Age-related changes in lymphoid cell subsets and
endothelial adhesion molecules in Peyer’s patches

The total number of Peyer’s patches in the small intes-
tine was 15.6 4= 2.4 in young adult rats and 11.8 £ 2.5 in
aged animals, but the decline was not statistically signifi-
cant. However, there was a significant increase in the total
area of Peyer’s patches in the aged group (11.2 + 2.1 mm?)
in comparison to that in young adults (5.35 + 2.9 mm?).

Fig. 1 shows mesenteric lymph flow in cannulated rats
and lymphocyte flux (number of collected lymphocytes per
hour) in the mesenteric lymphatics. Although there was no
difference in lymph flow between the young adult and the
aged groups, a significantly lower lymphocyte flux was ob-
served in the mesenteric lymph in the aged rats in compari-
son to the young adults.

We compared the distribution of lymphocyte subsets and
ED-1-positive cells in the Peyer’s patches by immunohis-
tochemistry. Fig. 2 shows a representative picture of CD4-
and CD8-positive lymphocytes in Peyer’s patches of young
adult and aged animals. There was a marked decrease in the

(mi/hr)

1.5+ (X 105/ b
4 -

Lymph flow
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Lymphocyte influx
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YOUNG YOUNG AGED

Fig. 1. Mesenteric lymph flow and lymphocyte flux in mesenteric lym-
phatics of young adult and aged rats. (#) P < 0.05 vs. young adults; data
expressed as the mean & S.E.M. for six animals.
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Fig. 2. Immunohistochemical staining of CD8- and CD4-positive cells in the Peyer’s patches of young adult and aged rats. (A) CD8-positive cells in
young adults (100x). (B) CD8-positive cells in aged rats, showing a marked decline, especially in the interfollicular zones of the Peyer’s patches in the
aged group. (C) CD4-positive cells in young adults (100x). (D) CD4-positive cells in aged rats (100x). There was also a decline in the number of CD4
cells in the Peyer’s patches of aged rats, although these declines were not statistically significant vs. values in the CD8 cells.

number of CDS8 cells, especially in the interfollicular zones
of Peyer’s patches in the aged rats. There were also fewer
CD4 cells in the Peyer’s patches of the aged rats, but the
decline was not statistically significant in comparison to the
decline in the CDS8 cells. There was also a slight decline
in the number of B cells in the aged rats, but there was no
difference between the number of ED-1 cells in the young
adult group in comparison to that in the aged group (data
not shown).

We examined MAdCAM-1 expression in the venular
endothelium of Peyer’s patches using immunohistochem-
istry. Fig. 3A shows the immunohistochemical staining of
MAdCAM-1 in young adult and aged rat small intestines.
Fig. 3B includes the quantitative data. There was signifi-
cant constitutive expression of MAdACAM-1, primarily in
the postcapillary venules of Peyer’s patches in both young
adult and aged rats. Furthermore, there was no quantitative
difference in MAdCAM-1 expression between these two
groups.

3.2. Age-related changes in T lymphocyte migration into
Peyer’s patches

Some fluorescence-labeled and transferred lymphocytes
exhibited a characteristic rolling behavior on the surface of

PCV endothelium in Peyer’s patches. However, more than
70% of the labeled cells passed through the Peyer’s patches
without rolling or adhesion. The total number of lympho-
cytes entering the PCVs within 10 min of transfer into the
jugular vein did not differ significantly between young and
aged animals, 1.3 ml/h versus 1.05 ml/h, respectively. How-
ever, at 10 min after transfer, the percentage of rolling cells
from young donors in young recipients (28.1 £ 4.8) was
significantly greater than that of rolling cells from aged
donors in aged recipients (12.1:£4.3, P < 0.05), suggesting
diminished lymphocyte—endothelial interaction in the old
animals.

Some lymphocytes adhered to PCV endothelium
(Fig. 4A). On the one hand T cells from young donors ad-
hered selectively to the PCVs of Peyer’s patches in young
recipients. On the other hand, in old recipients fewer stick-
ing lymphocytes from old donors were observed at 20 min
postinfusion. The number of sticking lymphocytes gradu-
ally increased during the 40 min post transfer observation
period. Fig. 4B compares the time-course of changes in the
number of cells sticking to PCVs of Peyer’s patches. The
data for lymphocytes inside the microvascular walls and the
data for lymphocytes located along the microvascular walls
are included. The number of young donor adherent cells
transferred into young rats increased, especially during the
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Fig. 3. (A) Representative images of MAdCAM-1 expression in Peyer’s patches. The primary antibody used in the immunostaining was a monoclonal
antibody directed against MAJCAM-1 (MECA367) (left panel, young adults; right panel, aged rats). MAdCAM-1 is expressed in the endothelial cells
of postcapillary venules in Peyer’s patches. (B) MAdCAM-1-positive vessels in the lamina propria and in the submucosa were determined as areas of
positively stained vessels per unit area. Results are expressed as the mean + S.E.M. of six animals; there were no significant differences between the

young adult and the aged groups.

initial 10 min after transfer, whereas only a few of the T
cells from aged donors transferred into aged rats adhered to
PCVs during the same post transfer-interval. Nevertheless,
the number of these cells gradually increased during the
observation period.

We also determined whether or not there was an
age-related shift in the migration of CD4 and CD8 T lym-
phocytes to Peyer’s patches. Fig. 5 illustrates the relative
numbers of cells sticking to the PCVs of Peyer’s patches
at 20 and 40min after the transfer of 3 x 107 CD4- or
CD8-negative lymphocytes (a) from young donors into
young recipients or (b) from aged donors into aged re-
cipients. In young animals, the numbers of either CD4-
or CD8-negative adherent cells were always greater than
that found in aged animals. Furthermore, CD8-negative
cells always adhered more efficiently to the PCVs than did
CD4-negative cells in either young and aged recipients.
However, the inhibition of cell adhesion at 40 min post trans-
fer was not statistically significant (for the CD4-negative
or the CD8-negative populations, i.e. 86 and 89%, re-
spectively). These data suggest that there is no apparent
age-related shift in the adhesion of specific T lymphocyte
subpopulations.

3.3. Migration of T lymphocytes after cross transfer

Fluorescent-labeled T lymphocytes from young or old
donors were transferred into young and old recipient animals
and lymphocyte kinetics were monitored. T cells from young
donors transferred into young syngeneic rats exhibited the
most efficient adherence to Peyer’s patch PCVs (Fig. 6). The
adherence of young donor cells to PCVs in old recipients
was significantly lower, but was still greater than that found
with cells from old donors transferred into old recipients. T
cells from old donors did not adhere efficiently to PCVs in
Peyer’s patches of young syngeneic recipients, suggesting
that the age-related decline is mainly due to changes in the
donor lymphocytes. Nevertheless, changes in recipients are
also involved because cells from old donors adhered more
efficiently to PCV endothelium in young recipients in com-
parison to that in old rats.

3.4. Analysis of surface adhesion molecules on T
Iymphocytes

Expression of adhesion molecules (o4-integrin, B2-
integrin and L-selectin) on the surface of T lymphocytes was
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Fig. 4. (A) Representative photomicrographs showing the distribution of CFSE-labeled T lymphocytes in the postcapillary venules of Peyer’s patches
20min after infusion. (Left) Lymphocytes (3 x 107) from young adults were transferred into young animals. (Right) lymphocytes from aged rats were
transferred into aged animals. (B) Time-course of changes in the number of T lymphocytes sticking to postcapillary venules in rat Peyer’s patches and the
difference between young adult and aged rats. Lymphocytes located inside or along venules were counted in the 1 mm? observation field. (#) P < 0.05

vs. young adult; data expressed as the mean = S.E.M. for six separate animals.

determined using monoclonal antibodies. The populations
of CD4- and CD8-positive lymphocytes in the intestinal
lymph from both age groups were similar, i.e. ~55% CD4
and ~31.5% CDS cells (data not shown). The cell surface
expression of L-selectin was greater in young T cells in
comparison to aged T cells, whereas the expressions of
ad-integrin and CD18 did not differ significantly between
young and aged T cells (Fig. 7).

4. Discussion

We demonstrated an age-associated decline in the migra-
tion of T lymphocytes to the PCVs in Peyer’s patches. We
also showed a significant decline in lymphocyte flux in the
intestinal lymph of aged-rats, suggesting that the kinetics
of T lymphocyte movement within Peyer’s patches is in-
hibited with increasing age. Lymphocyte recirculation does
not occur randomly, but is regulated by mechanisms in-
herent in lymphocyte—endothelial cell recognition (Butcher
and Picker, 1996). Naive lymphocytes can migrate very ef-

ficiently from the blood into secondary lymphoid tissues
(e.g. lymph nodes and Peyer’s patches) by extravasating
through the endothelium of specialized postcapiilary or high
endothelial venules (Girard and Springer, 1995). In con-
trast, memory and effector lymphocytes primarily access the
extralymphoid immune effector sites (Butcher and Picker,
1996; Hokari et al., 1999; Mackey, 1993). Previously we
reported that both CD4 and CD8 naive lymphocytes from
the intestinal lymph recirculate through the intestine un-
der physiological conditions, entering Peyer’s patch PCVs
and subsequently flowing out to the interfollicular zones
(Hokari et al,, 2001; Miura et al., 1995). This process en-
ables naive cells to increase the frequency with which they
encounter their cognate antigens. We suggest that there is
an age-related impairment in the recirculation of naive T
lymphocytes within Peyer’s patches and that this may be re-
lated to the compromised gastrointestinal mucosal immune
defense in the elderly.

We observed significant age-related impairments in both
CD4 and CD8 lymphocyte migrations. The distribution of
the CD8 population appears to be more readily suppressed
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Fig. 5. The number of sticking lymphocytes to the postcapillary venules of Peyer’s patches at 20 and 40 min post transfer of CD4- or CD8-negative cells
into young and aged animals. Lymphocytes (3 x 107) from young adults were injected into different young animals and lymphocytes from aged rats were
injected into the aged animals. (*) P < 0.05 vs. CD8-negative; (#) P < 0.05 vs. young adults; data expressed as the mean £ S.E.M. for six animals.

by ageing in comparison to the CD4 subpopulation. This
finding is in agreement with the report by Kawanishi and
Kiely (1987, 1989), who observed a decline in the T sup-
pressor/cytotoxic cell subpopulation in the Peyer’s patches
of old mice. Several research groups have used flow cytom-
etry to demonstrate the absence of age-related changes in
the CD4 or CD8 subsets in Peyer’s patches (Daniels et al.,
1993; Fl6 and Massouh, 1997). The latter group also re-
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ported immunochistochemical evidence suggesting that age-
ing is accompanied by a shift in the distribution of CD8 cells
from the interfollicular zone throughout the Peyer’s patches
(Daniels et al., 1993). The suppressor/cytotoxic T cell popu-
lation may be more susceptible to age-related shifts in com-
parison to helper/inducer T cells in GALT. However, our in
vivo data did not demonstrate a preferential decline in the
CDS8 lymphocyte—endothelial cell interaction in comparison
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Fig. 6. The number of lymphocytes sticking to the postcapillary venules in Peyer’s patches at 20 and 40min after adoptive-transfer. The labeled T
Iymphocytes from young donors were transferred into old recipients, whereas the cells from old donors were transferred into young recipients. The
kinetics of labeled T lymphocytes was compared among four different combinations, namely young-young, young-aged, aged-young, and aged-aged.
(*) P < 0.05 vs. young—young; (#) P < 0.05 vs. young-aged; (f) P < 0.05 vs. aged-young; data expressed as the mean £ S.E.M. for four animals.
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Fig. 7. The expression of adhesion molecules (L-selectin, ad-integrin, CD18) on T lymphocytes determined by flow cytometric analysis. Lymphocytes
(2 x 10°) were incubated with anti-rat monoclonal antibodies against L-selectin (HRL3, 1gG1), ad-integrin (MRa4-1), and CD18 (WT.1). They were
then incubated with 1ml FITC-labeled anti-mouse IgG or anti-hamster IgG. Flow cytometric analysis was performed using FACSort (Becton Dickinson).

Representative data from at least four individual measurements are shown.

to CD4 subsets. The subsequent migration processes into
the follicular zones of Peyer’s patches should be examined
in the future investigations.

The impaired migration may reflect the altered expres-
sions of homing receptors on lymphocytes or of their re-
spective ligands on the vascular endothelial cells. We deter-
mined the expression of adhesion molecules on lymphocytes
by flow cytometry and MAdCAM-1 expression on vas-
cular endothelial cells by immunohistochemistry. We also
performed adoptive-transfer studies using T lymphocytes
isolated from young and old donors and young and old recip-
ients. In mice, the a4/B7 heterodimer is the principal hom-
ing receptor that mediates lymphocyte binding to venules
in the gut-associated lymphoid system via interaction with
the endothelial addressin, MAACAM-1 (Berlin et al., 1993;
Briskin et al., 1993; Fujimori et al., 2002). Rather than one
adhesion molecule with an exclusive function, studies have
described several adhesion molecules with overlapping func-
tions. For example, L-selectin and CD11a/CD18 also play
a role in the interaction of lymphocytes and high endothe-
lial venules in the gut wall (Arbones et al., 1994; Bargatze
et al., 1995; Steeber et al., 1996). We provide evidence that
ageing does not diminish the expression of either the lym-
phocyte integrin a4 or the vascular endothelial addressin,
MAJCAM-1. Our data also suggest that ageing impairs the
expression of L-selectin on lymphocytes. This is consistent
with data reported by Steeber et al. (1996) suggesting that,
(a) the expression of L-selectin is impaired by ageing and
(b) this interferes with the migration of lymphocytes to sec-
ondary lymphoid tissues. Our results also demonstrated that

T cells from old donors do not adhere to the endothelium of
PCVs in Peyer’s patches in young syngeneic recipients to the
extent they did to the endothelium in old recipients. Further-
more, the number of adherent cells was significantly greater
when T cells from young donors were used. These results
strongly suggest the possibility that the age-related decline in
T lymphocyte adhesion in Peyer’s patches is due to changes
in lymphocyte adhesion molecule expression, including
decreased expression of L-selectin. Recently, Schmucker
et al. (2000) reported that the proportion of a4B7-positive
mononuclear cells in young rats was significantly higher
than that measured in the blood of senescent animals. There-
fore, a decline in the a4B7-MAdJCAM-1 interaction in aged
animals cannot be excluded, because (a) we did not test anti-
bodies against a47 heterodimer epitope, and (b) L-selectin
is known to facilitate the subsequent a437-MAJCAM-1
interaction in Peyer’s patches (von Andrian and Mackay,
2000). Furthermore, age-related changes in recipient rats are
not excluded because the adherence of T cells from young
donors to PCV endothelium in old recipients is significantly
lower in comparison to that in young recipients.

Thoreux et al. (2000) recently hypothesized that an
age-related delay in the migration of IgA immunoblasts
to the effector site, i.e. the intestinal mucosa, con-
tributes to mucosal immunosenescence. Using lymphocyte
adoptive-transfer, they demonstrated that factors intrinsic to
both the donor cells and the recipients influence the migra-
tion of immunoblasts from the mesenteric lymph nodes to
the effector site. Since we focused our studies on the al-
tered migration of naive T cells in nonimmunized animals,
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age-related changes in antigen-specific T cell migration
remain to be elucidated. While the exact mechanism is un-
clear, our study is the first to report direct evidence of an
age-related decline in the migration of naive T cells to the
Peyer’s patches in situ.
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Abstract '

Recent studies have shown that intestinal bacteria affect the intestinal immune system. In order
to elucidate the effects of intestinal microflora on T-cell mediated immune responses of the intestine,
we established germfree (GF) T cell receptor transgenic (TCR-Tg) mice. GF ovalbumin (OVA)-
specific TCR-Tg mice were obtained from conventional (CV) TCR-Tg mice by hysterectomy. Cells
from spleen, Peyer’s patch (PP) and lamina propria (LP) were isolated from GF TCR-Tg mice, and
the ratio of CD4* T cells was assessed by flow cytometry and the production of cytokines, in
response to in vitro OVA stimulation, was measured by ELISA. The numbers of PPs were
significantly lower in GF TCR-Tg mice compared with CV TCR-Tg mice and the ratios of CD4* T
cells in PP and LP cells from GF TCR-Tg mice were decreased. When stimulated with OVA, PP cells

from GF TCR-Tg mice secreted higher levels of interferon (IFN)-y, interleukin (IL)-5 and IL-6, and
LP cells from GF mice secreted higher levels of IFN-y and IL-6 compared with CV mice. These
results suggested that although the gut-associated lymphoid tissue is poorly developed in germfree
mice, intestinal T cells dcvéloping under these conditions possessed an enhanced ability to secrete
cytokines in response to antigenic stimulation. Our TCR-Tg system should be an informative system

to evaluate the effect of intestinal microflora on antigen-specific T cell responses.

1. Introduction

Récent advances in intestinal flora research has demonstrated that intestinal bacteria affect the
intestinal immune system. Of particular note are comparative studies between conventional and
germfree animals that have shown that indigenous bacteria play crucial roles in the development of
the gut-associated lymphoid tissue (GALT), the exclusion of microbial pathogens and the induction

of oral tolerance. In germfree mice, B cell follicles of Peyer’s patches (PPs) lack germinal centers

K. Yagasaki et al. (eds.), Animal Cell Technology: Basic & Applied Aspects, Volumel3, 243-247.
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and gut lumen lamina propria (LP) contain few IgA plasma cells (1, 2). The oral dose of Listeria
monocytogenés required to kill germfree mice was 1-5X10® (3), which is far lower than that of
conventional mice, and, in addition, oral tolerance was not induced in germfree mice (4). However,
details of the effects upon intestinal immune responses that are caused by intestinal bacteria are not
fully understood. Thus, we established germfree T cell receptor transgenic (GF TCR-Tg) mice in
order to investigate the effect of intestinal microflora on T-cell mediated intestinal immune

responses.

2. Materials and Methods
2.1 Mice

Conventional OVA23-3 TCR-Tg mice (CV TCR-Tg mice), transgenjc for OVA 323-339
specific and I-A® restricted TCR-af, on a BALB/c genetic background were originated from
Professor Sonoko Habu of Tokai University. GF TCR-Tg mice were obtained from conventional
OVA 23-3 mice by hysterectomy carried out under germfree condition and fosternursed by lactatirig

germfree BALB/c mice in an isolator.

2.2 Preparation of spleen (SP), PP and LP cells

To obtain LP cells, murine small intestines were excised and the PPs were removed
carefully. The intestine was reversed by using polyethylene tubing, and wiped carefully a few times
with a paper towel. The intestine was cut into 4 pieces and placed in a 50 ml tube containing HBSS
(-) (Hanks’ balanced salt solution, Ca, Mg free, containing 5% FCS). This was incubated at 37°C
with shaking for 30 min at 150 rpm (X 3), the supematant discarded by filtration with gauze, minced
into 10 mm pieces and treated with collagenase (45 mg/45 ml HBSS () containing 5 U/ml DNase 1)
in a 100 ml-flask with gentle stirring at 37°C for 20-30 min. After stirring, the preparation was
filtrated with gauze, washed, suspended in HBSS (+) (containing Ca and Mg, and 5% FCS),
filtrated by glass wool column and then washed by centrifugation at 4°C, 1,300 rpm for 5 min. The
upper supernatant was removed and 3 ml of 100% Percoll added to the cells and filled to 10 ml with
HBSS (30% Percoll), mixed, then centrifuged at 20°C, 1,800 rpm for 20 min and upper supematant
removed. Subsequently, 4.1 ml of 100% Percoll was added to 1 ml of the cell suspension, and filled
to 10 ml with RPMI containing FCS (44% Percoll), then mixed. Two ml of 70% Percoll was injected
into the bottom of the tube and was centrifuged at 20°C, 1,800 rpm for 20 min. The cells located at
the interface of the 70% and 44% Percoll fractions were collected and washed with RPMI.  Single
cell suspensions of SP and PP cells were obtained by crushing with the organ with the end of a

syringe.





