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We propose a novel role for interleukin (IL) 6 in inducing rapid spontaneous proliferation
(SP) of naive CD8* T cells, which is a crucial step in the differentiation of colitogenic CD8*
T cells. Homeostasis of T cells is regulated by two distinct modes of cell proliferation: major
histocompatibility complex/antigen—driven rapid SP and IL-7/IL-15-dependent slow
homeostatic proliferation. Using our novel model of CD8* T cell-dependent colitis, we
found that SP of naive CD8* T cells is essential for inducing pathogenic cytokine-producing
effector T cells. The rapid SP was predominantly induced in mesenteric lymph nodes (LNs)
but not in peripheral LNs under the influence of intestinal flora and IL-6. Indeed, this SP
was markedly inhibited by treatment with anti—IL-6 receptor monoclonal antibody (IL-6R
mAb) or antibiotic-induced flora depletion, but not by anti-IL-7R mAb and/or in IL-15-
deficient conditions. Concomitantly with the inhibition of SP, anti-IL-6R mAb significantly
inhibited the induction of CD8* T cell-dependent autoimmune colitis. Notably, the transfer
of naive CD8* T cells derived from IL-17~/~ mice did not induce autoimmune colitis. Thus,
we conclude that IL-6 signaling is crucial for SP under lymphopenic conditions, which
subsequently caused severe IL-17-producing CD8* T cell-mediated autoimmune colitis. We
suggest that anti-IL-6R mAb may become a promising strategy for the therapy of colitis.

Homeostasis of T cells can be defined as a
mechanism of restoration of immune balance,
and maintenance of immune status after T cell
depletion or expansion after immunological
responses. Homeostasis of T cells is regulated
by two distinct modes of cell proliferation:
MHC/antigen-driven rapid spontaneous pro-
liferation (SP) and IL-7/IL-15—dependent slow
homeostatic proliferation (HP) (1-3). The def-
inition of SP in CD4" T cell homeostasis was
first proposed by Min et al. (1). In this report,
we initially propose a crucial role for IL-6 in
SP of naive CD8" T cells for inducing flora-
specific colitogenic IL-17—producing CD8"
T (Tc17) cells.

It has been reported that the disruption of
the Th1/Th2 immune balance causes various
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immune diseases (4-8). However, recent dis-
coveries suggested that a new subset of IL-17—
producing CD4" T (Th17) cells, rather than
Th1/Th2 cells, might contribute to autoimmune
diseases (9—11). Indeed, Th17 cells have been
demonstrated to be crucial for inducing experi-
mental autoimmune encephalomyelitis, rheu-
matoid arthritis, and inflammatory bowel disease
(IBD) or colitis (12-16).

Idiopathic IBDs, including Crohn’s disease
and ulcerative colitis, are autoimmune diseases
with symptoms including abdominal pain, weight
loss, fever, and rectal bleeding. Now, these dis-
eases are thought to be a cytokine-driven inflam-
mation—triggered by excess IL-12/IL-23 and
IFN-vy/IL-17 production for Crohn’s disease,
and excess type 2 cytokine production, chiefly
IL-13, for ulcerative colitis—that affects the large
intestine (2, 17).

1019

920z Areniged g0 uo 3senb Aq ypd-eeL 12002 Wel/L556681/6101/5/50Z/4pd-ejonie/wal/Bio sseidni//:dpy woy papeojumoq



Although studies have addressed the involvement of CD4*
T cells in animal models of IBD (18), there is little information
about the possible contribution of CD8* T cells to the patho-
genesis. In this report, we established a novel Tc17 cell-depen-
dent IBD model and initially demonstrated that IL-6—dependent
SP of naive CD8* T cells was essential for the expansion of
colitogenic Tc17 cells. Thus, we propose that the control of SP
of naive CD8" T cells by anti-IL-6R mAD will become a novel
strategy for developing the therapy for autoimmune diseases.

RESULTS AND DISCUSSION

Adoptive transfer of naive CD8* T cells causes severe
autoimmune colitis

Severe colitis was induced by a single adoptive transfer of
CD44°vCD62L" naive CD8" T cells into syngeneic RAG2™/~
mice. Transfer of naive CD8" T cells or CD4" T cells caused
severe weight loss and thickening of the large intestinal wall
compared with untreated control mice within 6 wk (Fig. 1, A
and B). Hematoxylin-eosin (HE) staining of colon tissue sec-
tions revealed large numbers of infiltrating cells, in addition to
hemorrhagic necrosis, neoangiogenesis, and depletion of gob-
let cells, in the CD8* T cell-transferred mice, which were also
assigned histological scores (Fig. 1 C). In addition, elevation of
quantitative markers for enteropathy such as serum KC, serum
amyloid A (SAA), and ICAM-1 (Fig. 1 D and not depicted)
(19, 20) suggested that some inflammatory responses would be
induced in the colon. However, it still remained unclear
whether the CD8* T cell-induced pathogenesis was specific to
the large intestine. To make this point clear, we examined the
induction of pathogenic inflammatory responses in various or-
gans. The pathogenic responses were observed only in the
large intestine, and not in other organs such as the liver, kid-
ney, lung, heart, and brain (unpublished data). These patho-
logical events strongly indicated that naive CD8" T cells could
be a critical population for the induction of autoimmune colitis
under lymphopenic conditions.

A kinetics study revealed that IFN-y, IL-17, and TNF-a
were produced by CD8" T cells, and these cytokine-producing
cells preferentially expanded at the mesenteric LNs (mLNs)
rather than the peripheral LNs (pLNs) within 1 wk of cell trans-
fer (Fig. 1 E and not depicted). Concomitantly with the increase
of cytokine-producing CD8* T cells in mLNs, CD8" T cells
were infiltrated into colon tissues accompanied with inflamma-
tory CD11b™" cells (Fig. 1 F). Almost all of the CD11b* cells
coexpressed F4/80 macrophage markers (unpublished data).
These findings suggest that transferred naive CD8" T cells
would initially be stimulated in the mLNs and then migrate into
the peripheral tissues at subsequent pathogenic stages. Thus, it
appeared that the rapid expansion of naive CD8" T cells to
generate cytokine-producing effector CD8* T cells would be
closely related with the pathogenesis of autoimmune colitis.

Kinetics of SP essential for inducing pathogenic effector
memory CD8* T cells in mLNs

Recent studies have demonstrated that adoptive transfer of na-
ive T cells into immunodeficient mice resulted in two distinct
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types of proliferation (1). HP is driven by low-affinity self-
MHC/peptide ligands and homeostatic cytokines such as IL-7
and IL-15 (21, 22), whereas SP exhibits rapid and massive pro-
liferation induced by antigen recognition via the TCR (23).
After transfer of CFSE-labeled naive CD8" T cells into
RAG27/~ mice, dilution of the cellular fluorescence intensity
was analyzed as an index of the cell proliferation at early stages.
From a kinetics study (Fig. 2 A), we found that SP of naive
CD8" T cells occurred preferentially in the mLNs rather than
in the pLNs within 5 d after the adoptive transfer. This rapid
SP was detected neither in pLNs or mLNs at day 3. SP was not
detectable in pLNs even at 7 d after CD8" T cell transfer. At
day 7, the numbers of CD8* T cells collected from the mLNs
were much larger than those from the pLNs (Fig. S1, available
athttp://www jem.org/cgi/content/full/jem.20071133/DC1).
CD8" T cells expanded by SP in mLNs but not pLNs, and
rapidly acquired more characteristics of a “memory-type”
phenotype, such as CD44 markers and a cytokine-producing
ability, in the early stages (Fig. 2 B and not depicted). There-
fore, these cytokine-producing effector memory cells might
be critical for the initiation of colitis. SP in mLNs was not
detectable in the following two cases: (a) when CD8" T cells
derived from OT-1-TCR transgenic mice were transferred
into RAG27/~ mice (Fig. 2 C), and (b) when RAG27/~
mice were treated with antibiotics to deplete intestinal flora
(Fig. 2 D). Moreover, it was demonstrated that SP was differ-
ent from HP of CD8" T cells judging from the evidence that
naive CD8" T cells transferred into OT-1/RAG27/~ mice
exhibited SP in mLNs, whereas HP was completely blocked
in both pLNs and mLNs by endogenously existing OT-1 T cells
(Fig. 2 E). Thus, these data clarified that SP, which was trig-
gered with antibiotic-sensitive flora in mLNs via TCR, was
distinct from HP induced under the influence of IL-7 and/or
IL-15. Alternatively, SP was not an HP-related end stage of
T cell proliferation. A previous report had indicated that adop-
tive transfer of naive CD8" T cells into lymphopenic hosts
elicited no pathology, including colitis (24). This might be
because of the strain differences between C57BL/6 and BALB/c
mice, which have genetically different predispositions in con-
trolling their susceptibility to immune diseases (25), including
our established colitis model (unpublished data).

Critical role of IL-6 for SP while inducing pathogenic
effector T cells

In contrast to HP (26), it remains unclear which factors are
involved in SP of naive CD8* T cells in addition to antigen
stimulation. We found that mRINA expression levels of IL-6
and TGF-f were significantly higher in the mLNs compared
with pLNs (Fig. 3 A). To evaluate the role for IL-6 and TGF-f3,
as well as the homeostatic cytokines IL-7 and IL-15, in SP
and HP, we performed the following experiments: (a) CD8"
T cells were transferred into RAG27/~ mice treated with
anti—IL-7R. mAb; (b) IL-157/~ mouse-derived CD8" T
cells were transferred into IL-15/RAG2 double-knockout
mice; (c) [L-157/7 CD8" T cells were transferred into IL-15/
RAG?2 double-knockout mice treated with anti-IL-7R mAb;
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Figure 1. Adoptive transfer of naive CD8* T cells into RAG2~/~ mice causes severe autoimmune colitis. 5 x 10° CD44'°*CD62L* naive CD8* T
cells from C57BL/6 mice were intravenously injected into RAG2~/~ mice. (A) Body weights of untreated (n = 5), CD8* T cell-transferred (n = 5), or CD4* T
cell-transferred (n = 5) mice were monitored for 6 wk. Percentages of the resultant body weights against preinjection body weights were calculated every
week. The means and SDs are indicated. (B) Colon tissues were obtained from control or CD8* T cell-transferred mice after 9 wk. Morphology of the rep-
resentative colon tissues is snown. Bar, 1 cm. (C) HE staining was performed on sections of the colon tissues. Histological pictures of the representative
tissues are shown at two different magnifications. Means and SDs of the colitis score are indicated in the bar graph. Bars: (left) 1 mm; (right) 200 pm.
(D) Serum KC and SAA levels of untreated or CD8* T cell-transferred mice were measured by ELISA. The means and SDs are indicated. (E) Cytokine (IFN-y and
IL-17) production by CD8* T cells from pLNs and mLNs of the adoptively transferred mice 1, 4, and 6 wk after cell transfer. IFN-y-producing cells in mLNs
or pLNs, and IL-17-producing cells in mLNs or pLNs are indicated. Means and SDs of the percentages of cytokine producing cells are shown. (F) Colon
sections from untreated or CD8* T cell-transferred mice were stained with DAPI, anti-CD8 mAb, and anti-CD11b mAb. Bars, 200 um.

(d) CD8* T cells were transferred into RAG2™/~ mice treated
with anti-IL-6R mAb; and (e) CD8" T cells were trans-
ferred into RAG2™/~ mice treated with anti-TGF-3 mAb.
Neither IL-7, IL-15, nor TGF-3 contributed to SP, whereas
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IL-7 and/or IL-15 were involved in HP (Fig. 3 B). It was also
demonstrated that TGF-3 had no effect on HP (Fig. S2, available
at http://www jem.org/cgi/content/full/jem.20071133/DC1).
Unexpectedly, however, SP was completely blocked by the
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Figure 2. Kinetics of SP essential for inducing pathogenic effector memory T cells in mLNs. 5 x 10° cells naive CD8* T cells from C57BL/6
mice were labeled with CFSE and intravenously injected into RAG2~/~ mice. (A) Proliferation of CD8* T cells was monitored by flow cytometry 3, 5,
and 7 d after the injection. The representative FACS profiles are indicated in the figure. (B) CD44 expression and cytokine production levels of CD8*
T cells from pLNs and mLNs in the adoptively transferred mice were examined by staining with mAbs against CD44, IFN-vy, or IL-17 at day 5. The
representative FACS profiles are shown. Percentages are indicated. (C) CFSE-labeled CD8* T cells from OT-1-TCR transgenic mice were intravenously
injected into RAG2~/~ mice. Proliferation of the CD8* T cells in mLNs was analyzed at day 7. The representative FACS profiles are indicated. (D) CFSE-
labeled CD8* T cells from C57BL/6 mice were intravenously injected into untreated and antibiotic-treated RAG2~/~ mice. Proliferation of the CD8* T
cells in the mLNs of the untreated and antibiotic-treated mice was analyzed by FACS. (E) CFSE-labeled CD8+ T cells from C57BL/6-background Ly5.1
mice were intravenously injected into RAG2~/~ or OT-1/RAG2~/~ mice. Proliferation of the CD8* T cells in the pLNs or mLNs of OT-1/RAG2~/~ mice
was analyzed by FACS.
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Figure 3. Critical role of IL-6 for SP while inducing pathogenic effector T cells. 5 x 10° naive CD8"* T cells from C57BL/6 mice were labeled with
CFSE and intravenously injected into RAG2~/~ mice. (A) IL-7, IL-15, IL-6, and TGF-B mRNA expression levels in pLNs or mLNs of untreated RAG2~/~ mice
were evaluated by real-time PCR. The means and SDs (n = 4 per group) are indicated. (B) SP in mLNs of RAG2~/~ mice treated with anti-IL-7R mAb and
RAG2/IL-15 double-knockout mice were observed 7 d after the injection. The representative FACS profiles are indicated. (C) Proliferation of CD8* T cells in
the pLNs and mLNs of RAG2~/~ mice treated with anti-IL-6R mAb was observed, and the representative FACS profiles are indicated. (D) Cytokine (IFN-y
and IL-17) production by CD8* T cells in the pLNs and mLNs of anti-IL.-6R mAb-treated RAG2~/~ mice. The representative FACS profiles are shown. Percentages

are indicated.

administration of anti-IL-6R mAb (Fig. 3 C). In contrast,
HP was not affected by the anti-IL-6R mAb at all (Fig. 3 C).
As shown in Fig. 3 D, both IFN-y and IL-17A production
were markedly inhibited by treatment with anti-IL-6R mAb
(Fig. 3 D). From these findings, IL-6 signaling, but not IL-7,
IL-15, or TGEF-3, was considered to be critical for SP in the
present model. It has been demonstrated that IL-6 was closely
related to the survival of T cells (27, 28). However, there was
no significant difference in CD8" T cell apoptosis between
control and anti-IL-6R mAb—treated mice (Fig. S3).

As described in Fig. 2, we clearly demonstrated that HP
and SP of CD8" T cells were totally distinct in T cell homeo-
stasis, and that SP was not the end stage of HP. We also demon-
strated that SP appeared to be triggered with antibiotic-sensitive
flora antigen via TCR, consistent with a previous report (29).
Therefore, at present, we consider that anti-IL-6R mAb does

JEM VOL. 205, May 12, 2008

not affect the apoptosis of HP-related T cells but instead in-
hibits the SP-related generation of flora-triggered pathogenic
CD8* T cells, which is accelerated in an IL-6—dependent
manner. Indeed, IL-6 was demonstrated to promote TCR-
mediated T cell proliferation directly (unpublished data).

Anti-IL-6R mAb inhibits CD8* T cell-dependent
autoimmune colitis

In vivo injection of anti-IL-6R mAb markedly suppressed the
weight loss and abnormal thickening of the large intestine
wall, which are associated with CD8" T cell-induced colitis
(Fig. 4 A). HE staining revealed that blockade of IL-6 signal-
ing significantly suppressed cell infiltration into the large intes-
tine (Fig. 4, B and C). Although the mRNA levels of various
inflammatory cytokines, including TNF-c, IL-1f3, IFN-vy,
and IL-17, were up-regulated in the tissues from the colitis
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Figure 4. Anti-IL-6R mAb inhibits CD8* T cell-dependent autoimmune colitis. 5 x 10° naive CD8* T cells from C57BL/6 mice were intravenously
injected into RAG2~/~ mice. (A) Body weight of untreated (n = 4), naive CD8* T cell-transferred (n = 3), or naive CD8* T cell-transferred/anti-IL-6R mAb-
treated (n = 3) mice were monitored for 9 wk. Body weight percentages against the respective preinjection values were calculated every week. The means
and SDs are indicated. (B) Colon tissues were obtained from untreated, control, or anti-IL-6R mAb-treated mice 9 wk after the cell transfer. Morphology
of the representative colon tissues is shown. Bar, 1 cm. (C) HE staining was performed on the colon tissues from the untreated, control, or anti-IL-6R
mAb-treated mice. The representative histological micrographs are shown at two different magnifications. Means and SDs of the colitis score are indi-
cated in the bar graph. Bars: (left) 1 mm; (right) 200 um. (D) TNF-a, IL-1B, IL-17A, and IFN-y mRNA expression levels in the colon tissues from the un-
treated, control, and anti-IL-6R mAb-treated mice were determined by real-time PCR. The means and SDs are indicated.

mice, the expression levels in the anti-IL-6R mAb—treated mice
were almost the same as those in the untreated normal mice
(Fig. 4 D). This evidence demonstrated that IL-6 signaling was
not only involved in the up-regulation of inflammatory cyto-
kine levels in the colon tissues but was also related to the
pathogenesis of CD8* T cell-dependent colitis.

Requirement of Tc17 cells in autoimmune colitis
To define the role of IL-17 (11-14) on the pathogenesis of
the CD8* T cell-mediated autoimmune colitis, we performed
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adoptive transfer of naive CD8* T cells derived from IL-177/~
mice. Deficiency of IL-17 in CD8" T cells caused a remark-
able suppression of pathology, including severe weight loss,
thickening of the large intestinal wall, and colitogenic responses
(Fig. 5, A—C). Thus, we propose that Tc17 cells would be
critical effectors in the pathogenesis of autoimmune diseases.
The generation of IFN-y—producing CD8* T cells by SP was
observed in mLNs even when IL-177/~ CD8" T cells were
transferred into RAG27/~ mice (Fig. 5 D), whereas the infil-
tration of CD8" T cells into the colon tissues was greatly
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920z Areniged g0 uo 3senb Aq ypd-eeL 12002 Wel/L556681/6101/5/50Z/4pd-ejonie/wal/Bio sseidni//:dpy woy papeojumoq



A 140 —A- Untreated
@ 130} -@ wtcps*T
< 120} O 117 CcD8*T

* p<0.05

§ *
0123456 7 809
Weeks after cell transfer

BRIEF DEFINITIVE REPORT

Untreated
Wt CD8*T

IL-177-CD8*T

Wt CD8*T _ IL-17 CD8*T
1.8

10% 10°

mLN

; =
:9.0| %R
10° 10' 10% 10° 10° 10° 10' 10° 10° 10°

IL-17

Figure 5. Requirement of Tc17 cells in autoimmune colitis. 5 x 105 naive CD8* T cells from C57BL/6 WT and IL-17A~/~ mice were transferred into
RAG2~/~ mice. (A) Body weights of untreated (n = 4), WT naive CD8* T cell-transferred (n = 4), or IL-17A~/~ naive CD8* T cell-transferred (n = 4) mice
were monitored for 9 wk after the injection. Body weight percentages against the respective preinjection values were calculated every week. The means
and SDs are indicated. (B) Colon tissues were obtained from the untreated, WT naive CD8* T cell-transferred, or IL-17A~/~ naive CD8* T cell-transferred
mice. Morphology of the representative colon tissues is shown. Bar, 1 cm. (C) Colon sections from the untreated, WT naive CD8* T cell-transferred, or
IL-17A~1~ naive CD8* T cell-transferred mice were stained with HE. The representative histological micrographs are shown at two different magnifications.
Bars: (left) 1 mm; (right) 200 pm. (D) CD8* T cells from the pLNs or mLNs of the adoptively transferred mice were intracellularly stained with anti-IFN-y
mAb and anti-IL-17 mAb. The representative FACS profiles are indicated. Percentages are shown.

inhibited by the IL-17—deficient condition (unpublished data).
In addition, we have evidence that this colitis model was not
induced when IFN-y~/~ CD8" T cells were transferred into
RAG27/~ mice, whereas SP of Tc17 cells was generated in
mLNs (unpublished data). Therefore, IL-17 was required for
the development of the CD8" T cell-dependent colitis, but
IL-17 might synergistically act with IFN-vy to induce the final
colitogenic responses, including migration of effector CD8*
T cells and other inflammatory cells into the colon tissues. We
are now investigating the critical role of both IL-17 and IFN-y
in colitis. As shown in Fig. 3 D, IL-17 and IFN-vy double-
positive CD8* T cells are rapidly proliferated in mLNs. There-
fore, there is a good possibility that SP-induced IL-17 and
IFN-v double-producing Tc17 cells play a critical role in auto-
immune colitis.

We have established a novel model of colitis by transfer
of naive CD8" T cells into syngeneic RAG2™/~ mice that
mimicked the symptoms of IBD, such as weight loss and
excess inflammatory cytokine production. So far, it has been

JEM VOL. 205, May 12, 2008

demonstrated that several cytokines, including IL-13, TNF-q,
IFN-vy, and IL-17, were involved in the induction of inflam-
mation during colitis (30). However, little has been investi-
gated about the physiological role of IL-17 production by
CDS8" T cells in contrast to CD4" T cells. Our results initially
demonstrated a pivotal role of Tc17 cells in the pathogenesis
of autoimmune colitis.

Adoptive transfer of naive CD8" T cells underwent two
distinct types of proliferation, SP and HP. We found that IL-6
signaling was critical for only SP, which was triggered by
recognition of antibiotic-sensitive microbe antigens in the gut.
The important role of antibiotic-sensitive flora~induced SP
was demonstrated from the finding that intestinal flora deple-
tion by antibiotics treatment caused the prevention of weight
loss and colitis (unpublished data), in parallel with the blocking
of SP, which is essential for pathogenic CD8* T cell induc-
tion (Fig. 2 D). Moreover, IL-6—dependent SP was demon-
strated to be critical for the differentiation of the final effector
cells, Tc17 cells involved in autoimmune colitis.
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This report initially proposes a novel mechanism for main-
taining the homeostasis of CD8* T cells, which is triggered
under lymphopenic conditions in an IL-6—dependent manner.
We designated this phenomenon as SP of CD8" T cells, which
also can be dissociated from IL-6—independent SP of CD4*
T cells (1, 18). Our results also indicate a novel application of
anti—-IL-6R mAb for the immunotherapy of Tc17 cell-medi-
ated colitis, and propose that the IL-6—dependent SP could be
a promising therapeutic target in autoimmune diseases such as
IBD. We are now investigating the general role of SP in other
CD8" T cell-mediated immune diseases.

MATERIALS AND METHODS

Mice. WT C57BL/6 mice were purchased from Charles River Laboratories.
C57BL/6-background RAG2™/~ mice were provided by M. Ito (Central In-
stitute for Experimental Animals, Kanagawa, Japan). OT-1-TCR transgenic
mice were provided by F.R. Carbone (University of Melbourne, Victoria,
Australia). C57BL/6-background Ly5.1 mice were purchased from RIKEN
Bioresource Center. C57BL/6-background IL-157/" mice were purchased
from Taconic. OT-1/RAG27/~ and IL-157/7/RAG2~/~ mice were bred in
our facility. C57BL/6-background IL-17A~/~ mice were established as de-
scribed previously (14). All mice used in the present studies were 5-8 wk old
and maintained in specific pathogen-free conditions according to the guide-
lines for animal care of our institute. All mice were used in accordance with
the guidance of an institutional committee at Hokkaido University.

Preparation and adoptive transfer of naive CD8* T cells. Total lym-
phoid cells were recovered from the spleens and pLNs of the mouse strains
indicated in the figures and resuspended in RPMI 1640 medium (Sigma-
Aldrich) containing 10% FCS (BD Biosciences) plus penicillin and strepto-
mycin (both from Meiji Seika). Erythrocytes were eliminated with 0.155 M
NH,CL The cells were passed through a nylon wool column for enrichment
of T cells and were stained with FITC-CD44 mAb (IM7; eBioscience), PE-
CD62L mAb (MEL-14; eBioscience), and PE-Cy7-CD8a mAbD (53-6.7; BD
Biosciences). CD44°YCD62L" naive CD8* T cells were isolated using a
cell-sorting system (FACSAria; BD Biosciences). The purity of the naive
CD8" T cells was consistently >98%. 5 X 10° isolated naive CD8" T cells per
mouse were then intravenously injected into syngeneic RAG27™/~ mice.

Induction of experimental colitis. 5 X 10° naive CD8" T cells were intra-
venously injected into syngeneic RAG27/~ mice. The body weights of the
adoptively transferred mice were monitored for 6-9 wk. The colon tissues
were recovered for histopathological analysis and HE staining at the time
points indicated in the figures. Clinical scoring was performed as described
previously (29). In brief, colitis was graded on a scale of 0-3, as follows: 0,
minimal, indistinguishable from normal BALB/¢ mice; 1, mild; 2, moderate,
low to intermediate degree of leukocyte infiltration and epithelial hyper-
plasia; and 3, severe, extensive leukocyte infiltration, loss of goblet cells, and
marked epithelial hyperplasia. Histological evaluation was conducted in a

blinded fashion.

Antibody treatment. Mice were intravenously injected with 1-2 mg anti—
IL-6R mAb (MR 16-1; a gift from Chugai Pharmaceutical Company Ltd.,
Shizuoka, Japan) at the time of T cell transfer, and were intraperitoneally in-
jected with 500 pg of antibody 4 d after the transfer or every week up to the
end of the colitis experiments. 500 pg anti—-IL-7R mAb per mouse was intra-
venously injected before adoptive transfer. The mice were then intraperito-
neally injected (500 pg per mouse) on days 2, 4, and 6 after T cell transfer.

Flow cytometric analysis. For analysis of cell-surface molecules, the cell
samples indicated in the figures were stained with fluorescent dye—conjugated
mADbs against the selected markers on ice. Cell proliferation was evaluated
by monitoring the fluorescence intensity of the cells prestained with CSFE
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(Invitrogen), according to the manufacturer’s instructions. For detection of
cytoplasmic cytokines, the indicated cells were stimulated with anti-CD3e
mAb (145-2C11; BD Biosciences) on 96-well flat-bottom plates for 6 h and
treated with Brefeldin A for the final 2 h. The stimulated cells were stained
with PE-Cy5-TCR3 mAb (H57-597; BD Biosciences) and fixed with 4%
paraformaldehyde phosphate buffer solution (Wako). After treatment with
permeabilizing solution (50 mmol/liter NaCl, 5 mmol/liter EDTA, 0.02%
NaNj,, and 0.5% Triton X-100, pH 7.5), the cells were stained with PE-IL-17
mAb (TC11-18H10.1; BD Biosciences) and allophycocyanin—IFN-y mAb
(XMGT1.2; eBioscience). Fluorescence signals from the cells were acquired
by FACSCalibur and analyzed with CellQuest software (both from BD
Biosciences). Data were collected with logarithmic amplification.

ELISA. Serum KC and SAA levels were determined by the mouse KC ELISA
kit (R&D Systems) and the mouse SAA ELISA kit (Invitrogen), respectively.
Assays were performed according to the manufacturers’ instructions.

Immunohistochemical staining. Colons collected from mice were treated
with optimum cutting temperature compound (Sakura Finetechnical Co.)
and immediately frozen in liquid nitrogen. 4-um sections of the colon tissues,
fixed with acetone at 4°C for 10 min followed by blocking for 30 min, were in-
cubated with anti-mouse CD8a mAb (53-6.7). After washing, the sections
were further incubated with Alexa Fluor 546—conjugated goat anti-rat IgG
(Invitrogen). The serial sections were incubated with biotinylated rat anti-mouse
CD11b (M1/70; BD Biosciences), followed by detection with Alexa Fluor
488—conjugated streptavidin (Invitrogen). Each section was incubated with
VECTASHIELD (Vector Laboratories) for 30 min, and the immunostaining
images were analyzed with a laser scanning microscope (FluoView; Olympus).

Antibiotics treatment. Drinking water containing 1 g/liter ampicillin so-
dium (Meiji Seika), 1 g/liter neomycin sulfate (Nacalai Tesque), 500 mg/liter
vancomycin (Nacalai Tesque), and 1 g/liter metronidazole (Nacalai Tesque)
was provided for RAG27/~ mice at 4 wk before cell transfer. 5 X 10° naive
CD8" T cells stained with CSFE were intravenously injected into the antibi-
otic-treated mice, and the proliferation was determined by flow cytometry.

Real-time PCR. Total RNA was extracted from LNs or colon tissues of
the mice indicated in the figures using the Isogen RNA extraction kit (Nip-
pongene), according to the manufacturer’s instructions. cDINA was prepared
from the total RNA with RT (Invitrogen), oligo dT, and dNTP mixture
(Promega). The indicated gene cDNAs were specifically amplified using a
thermal cycler system (ABI PRISM 7700 Sequencer; Applied Biosystems) and
using the corresponding primer pairs for mouse IL-7, IL-15, IL-6, TGF-3,
IL-1B, TNF-a, IFN-y, IL-17A, and B-actin. The sequences used were as
follows: IL-7, (sense) 5'-GAGGTGGGTGTAGTCATGATGACT-3', (anti-
sense) 5'-GGGTCCTGGGAGTGATTATGG-3', and (probe) 5'-AGCC-
GGCTCCTGCTGCAGTCC-3'; IL-15, (sense) 5'-GACCATGAAGAGGC-
AGTGCTT-3', (antisense) 5'-CAGCTCAGAGAGGTCAGGAAAGA-3’,
and (probe) 5'-CCACCTTGACACATGGCCCTCTGG-3'; IL-6, (sense)
5'-GAGGATACCACTCCCAACAGACC-3', (antisense) 5'-AAGTGCA-
TCATCGTTGTTCATACA-3', and (probe) 5'-CAGAATTGCCATTG-
CACAACTCTTTTCTCA-3"; TGE-B, (sense) 5'-TGACGTCACTGGA-
GTTGTACGG-3', (antisense) 5'-GGTTCATGTCATGGATGGTGC-3',
and (probe) 5'-TTCAGCGCTCACTGCTCTTGTGACAG-3'; IL-1P3, (sense)
5'-GAAAGACGGCACACCCACC-3', (antisense) 5'-AGACAAACCG-
CTTTTCCATCTTC-3', and (probe) 5'-TGCAGCTGGAGAGTGTG-
GATCCCAA-3"; TNF-q, (sense) 5'-GTTCTCTTCAAGGGACAAGG-
CTG-3', (antisense) 5'-TCCTGGTATGAGATAGCAAATCGG-3', and
(probe) 5'-TACGTGCTCCTCACCCACACCGTCA-3'; IFN-y, (sense)
5'-GGATGCATTCATGAGTATTGC-3', (antisense) 5'-GCTTCCTGAG-
GCTGGATTC-3', and (probe) 5'-TTTGAGGTCAACAACCCACAGGT-
CCA-3'; IL-17A, (sense) 5'-GCTCCAGAAGGCCCTCAGA-3’, (antisense)
5'-CTTTCCCTCCGCATTGACA-3’, (probe) 5'-ACCTCAACCGTT-
CCACGTCAC-3'; and B-actin, (sense) 5'-AGCCATGTACGTAGC-
CATCCA-3', (antisense) 5'-TCTCCGGAGTCCATCACAATG-3', and
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(probe) 5'-TGTCCCTGTATGCCTCTGGTCGTACCA-3'. Samples were
normalized to the housekeeping gene B-actin according to the AACt method:
ACt = ACty. — ACt

were calculated for each sample.

reference- Percentages against the WT control sample

Statistics. All experiments were repeated at least three times. Mean values
and SDs were calculated for data from three independent experiments and
are shown in the figures. Statistical significance was calculated using the Stu-
dent’s ¢ test. P < 0.05 was considered significant in the present experiments,
as indicated with an asterisk.

Online supplemental material. Fig. S1 demonstrates that injection
of anti-IL-6R mADb blocks proliferation of adoptively transferred naive
CD8* T cells in mLNs. Fig. S2 shows that TGF-$ signaling is not re-
quired for SP of CD8* T cells. Fig. S3 demonstrates that anti—-IL-6R mAb
treatment does not induce apoptosis of naive CD8" T cells. Online sup-
plemental material is available at http://www jem.org/cgi/content/full/
jem.20071133/DC1.

We thank Chugai Pharmaceutical Company Ltd. for their gift of anti-IL-6R antibody
(MR16-1). We would like to thank Dr. Mark Micallef for reviewing this paper.

This work was supported in part by a Grant-in-Aid from the Japanese Ministry
of Education, Culture, Sports, Science and Technology.

The authors have no conflicting financial interests.

Submitted: 4 June 2007
Accepted: 24 March 2008

REFERENCES

1. Min, B., H. Yamane, J. Hu-li, and W.E. Paul. 2005. Spontaneous and
homeostatic proliferation of CD4 T cells are regulated by different
mechanisms. J. Immunol. 174:6039—-6044.

2. Hue, S., P. Ahern, S. Buonocore, M.C. Kullberg, D.J. Cua, B.S.
McKenzie, F. Powrie, and K.J. Maloy. 2006. Interleukin-23 drives
innate and T cell-mediated intestinal inflammation. J. Exp. Med. 203:
2473-2483.

3. King, C., A. Ilic, K. Koelsch, and N. Sarvetnick. 2004. Homeostatic
expansion of T cells during immune insufficiency generates autoimmu-
nity. Cell. 117:265-277.

4. Murphy, K.M., and S.L. Reiner. 2002. The lineage decisions of helper

T cells. Nat. Rev. Immunol. 2:933-944.

. Takaoka, A., Y. Tanaka, T. Tsuji, T. Jinushi, A. Hoshino, Y. Asakura,
Y. Mita, K. Watanabe, S. Nakaike, Y. Togashi, et al. 2001. A critical
role for mouse CXC chemokine(s) in pulmonary neutrophilia during Th
type 1-dependent airway inflammation. J. Immunol. 167:2349-2353.

6. Nishimura, T., and A. Ohta. 1999. A critical role for antigen-specific
Th1 cells in acute liver injury in mice. J. Immunol. 162:6503—6509.

7. Strober, W., L]. Fuss, and R.S. Blumberg. 2002. The immunology of
mucosal models of inflammation. Annu. Rev. Immunol. 20:495-549.

8. Bouma, G., and W. Strober. 2003. The immunological and genetic
basis of inflammatory bowel disease. Nat. Rev. Immunol. 3:521-533.

9. Harrington, L.E., R.D. Hatton, P.R. Mangan, H. Turner, T.L. Murphy,
K.M. Murphy, and C.T. Weaver. 2005. Interleukin 17-producing CD4*
effector T cells develop via a lineage distinct from the T helper type 1
and 2 lineages. Nat. Immunol. 6:1123-1132.

10. Park, H., Z. Li, X.O. Yang, S.H. Chang, R. Nurieva, Y.H. Wang,
Y. Wang, L. Hood, Z. Zhu, Q. Tian, and C. Dong. 2005. A distinct
lineage of CD4 T cells regulates tissue inflammation by producing in-
terleukin 17. Nat. Immunol. 6:1133-1141.

11. Hirota, K., M. Hashimoto, H. Yoshitomi, S. Tanaka, T. Nomura,
T. Yamaguchi, Y. Iwakura, N. Sakaguchi, and S. Sakaguchi. 2007.
T cell self-reactivity forms a cytokine milieu for spontaneous develop-
ment of IL-17" Th cells that cause autoimmune arthritis. J. Exp. Med.
204:41-47.

12. Veldhoen, M., R.J. Hocking, R.A. Flavell, and B. Stockinger. 2006.
Signals mediated by transforming growth factor-f initiate autoimmune
encephalomyelitis, but chronic inflammation is needed to sustain dis-
ease. Nat. Immunol. 7:1151-1156.

ol

JEM VOL. 205, May 12, 2008

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

BRIEF DEFINITIVE REPORT

Sutton, C., C. Brereton, B. Keogh, K.H. Mills, and E.C. Lavelle. 2006.
A crucial role for interleukin (IL)-1 in the induction of IL-17-producing
T cells that mediate autoimmune encephalomyelitis. J. Exp. Med. 203:
1685-1691.

Nakae, S., S. Sajjo, R. Horai, K. Sudo, S. Mori, and Y. Iwakura. 2003.
IL-17 production from activated T cells is required for spontaneous
development of destructive arthritis in mice deficient in IL-1 receptor
antagonist. Proc. Natl. Acad. Sci. USA. 100:5986-5990.

. Yen, D., J. Cheung, H. Scheerens, F. Poulet, T. McClanahan, B.

McKenzie, M.A. Kleinschek, A. Owyang, J. Mattson, W. Blumenschein,
et al. 2006. IL-23 is essential for T cell-mediated colitis and promotes
inflammation via IL-17 and IL-6. J. Clin. Invest. 116:1310-1316.
Kullberg, M.C., D. Jankovic, C.G. Feng, S. Hue, P.L. Gorelick, B.S.
McKenzie, D.J. Cua, F. Powrie, A.W. Cheever, K.J. Maloy, and A.
Sher. 2006. IL-23 plays a key role in Helicobacter hepaticus—induced T
cell-dependent colitis. J. Exp. Med. 203:2485-2494.

Fuss, I]., F. Heller, M. Boirivant, F. Leon, M. Yoshida, S. Fichtner-Feigl,
Z. Yang, M. Exley, A. Kitani, R.S. Blumberg, et al. 2004. Nonclassical
CD1d-restricted NK T cells that produce IL-13 characterize an atypical
Th2 response in ulcerative colitis. J. Clin. Invest. 113:1490-1497.
Noguchi, D., D. Wakita, M. Tajima, S. Ashino, Y. Iwakura, Y. Zhang,
K. Chamoto, H. Kitamura, and T. Nishimura. 2007. Blocking of IL-6
signaling pathway prevents CD4+ T cell-mediated colitis in a T'(h)17-
independent manner. Int. Immunol. 19:1431-1440.

Vijay-Kumar, M., H. Wu, J. Aitken, V.L. Kolachala, A.S. Neish, S.V.
Sitaraman, and A.T. Gewirtz. 2007. Activation of Toll-like recep-
tor 3 protects against DSS-induced acute colitis. Inflamm. Bowel Dis.
13:856-864.

Blumberg, H., H. Dinh, E.S. Trueblood, J. Pretorius, D. Kugler, N.
Weng, S.T. Kanaly, J.E. Towne, C.R. Willis, M.K. Kuechle, et al.
2007. Opposing activities of two novel members of the IL-1 ligand
family regulate skin inflammation. J. Exp. Med. 204:2603-2614.
Marrack, P., J. Bender, D. Hildeman, M. Jordan, T. Mitchell, M.
Murakami, A. Sakamoto, B.C. Schaefer, B. Swanson, and J. Kappler.
2000. Homeostasis of afy TCR* T cells. Nat. Immunol. 1:107-111.
Tan, J.T., E. Dudl, E. LeRoy, R. Murray, ]J. Sprent, K.I. Weinberg,
and C.D. Surh. 2001. IL-7 is critical for homeostatic proliferation and
survival of naive T cells. Proc. Natl. Acad. Sci. USA. 98:8732-8737.
Min, B., G. Foucras, M. Meier-Schellersheim, and W.E. Paul. 2004.
Spontaneous proliferation, a response of naive CD4 T cells determined
by the diversity of the memory cell repertoire. Proc. Natl. Acad. Sci.
USA. 101:3874-3879.

Aranda, R., B.C. Sydora, P.L. McAllister, S.W. Binder, H.Y. Yang,
S.R. Targan, and M. Kronenberg. 1997. Analysis of intestinal lym-
phocytes in mouse colitis mediated by transfer of CD4*, CD45R Bhigh
T cells to SCID recipients. J. Immunol. 158:3464-3473.

. Nishimura, T., K. Santa, T. Yahata, N. Sato, A. Ohta, Y. Ohmi, T.

Sato, K. Hozumi, and S. Habu. 1997. Involvement of IL-4-producing
VB8.2*CD4"CD62L"CD45RB~ T cells in non-MHC gene-controlled
predisposition toward skewing into T helper type-2 immunity in BALB/c
mice. J. Immunol. 158:5698-5706.

Tan, J.T., B. Ernst, W.C. Kieper, E. LeRoy, J. Sprent, and C.D. Surh.
2002. Interleukin (IL)-15 and IL-7 jointly regulate homeostatic pro-
liferation of memory phenotype CD8" cells but are not required for
memory phenotype CD4* cells. J. Exp. Med. 195:1523-1532.

Teaque, T.K., P. Marrack, J.W. Kappler, and A.T. Vella. 1997. IL-6 res-
cues resting mouse T cells from apoptosis. J. Immunol. 158:5791-5796.

Atreya, R., J. Mudter, S. Finotto, J. Mullberg, T. Jostock, S. Wirtz, M.
Schutz, B. Bartsch, M. Holtmann, C. Becker, et al. 2000. Blockade of
interleukin 6 trans signaling suppresses T-cell resistance against apop-
tosis in chronic intestinal inflammation: evidence in Crohn disease and
experimental colitis in vivo. Nat. Med. 6:583-588.

Kieper, W.C., A. Troy, J.T. Burghardt, C. Ramsey, J.Y. Lee, H.Q.
Jiang, W. Dummer, H. Shen, J.J. Cebra, and C.D. Surh. 2005. Recent
immune status determines the source of antigens that drive homeostatic
T cell expansion. J. Immunol. 174:3158-3163.

Yamamoto, M., K. Yoshizaki, T. Kishimoto, and H. Ito. 2000. IL-6
is required for the development of Th1 cell-mediated murine colitis.
J. Immunol. 164:4878-4882.

1027

9z0z Aeniga4 g uo 3senb Aq Jpd-ec L1 2002 Wal/L556681/6101/5/50Z/4Pd-aonie/wal/bio ssaidny//:dny woy pspeojumoq




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (U.S. Prepress Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




