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CD8"CD122" Regulatory T Cells (Tregs) and CD4" Tregs
Cooperatively Prevent and Cure CD4" Cell-Induced Colitis

Agustina Tri Endharti,*" Yusuke Okuno,* Zhe Shi," Nobuaki Misawa,® Shinya Toyokuni,®
Masafumi Ito,qI Ken-ichi Isobe,* and Haruhiko Suzuki*

We identified CD8*CD122* regulatory T cells (Tregs) and demonstrated their importance in the maintenance of immune homeo-
stasis and in the recovery from experimental autoimmune encephalomyelitis. In this paper, we show that CD8*CD122" Tregs
effectively prevent and cure colitis in a mouse model. In our experiments, colitis was induced in lymphocyte-deficient RAG-2""~
mice by transferring CD4*CD45RB"2" cells that were excluded with CD4* Tregs. Cotransfer of CD8*CD122" cells clearly sup-
pressed the development of colitis, and this suppressive effect was similar to that of CD4*CD45RB'" cells that were mostly CD4*
Tregs. CD8*CD122* cells obtained from IL-10~'" mice were unable to suppress colitis, indicating that IL-10 is an important
effect-transmitting factor in the suppression of colitis. CD8*CD122" cells showed a suppressive effect when they were transferred
4 wk after CD4*CD45RB™=" cells, indicating the therapeutic potential of CD8*CD122* cells. A mixture of CD8*CD122" cells and
CD4*CD45RB'" cells was far more effective than single Tregs, indicating the synergistic effect of these Tregs. These overall
findings demonstrate the potential role of CD8" Tregs, and possibly together with CD4" Tregs, in the medical care of inflammatory

bowel disease patients. The Journal of Immunology, 2011, 186: 41-52.

ulcerative colitis and Crohn’s disease. The prevalence of

ulcerative colitis is approximately >0.3 million in the United
States and 0.6 million in the world. Six to seven per 0.1 million in
the United States and >0.4 million patients in world suffer from
Crohn’s disease. Although an immunological mechanism is
thought to be involved in the progression of IBD, the pathogenesis
of IBD is largely unknown (1-4).

Because murine models of human IBD have been established,
they have been frequently used to study colitis development and
therapeutic options (5, 6). One such colitis model is the transfer of
CD4*CD45RB™E" cells into lymphopenic mice such as RAG-
deficient mice, SCID mice, or nude mice (6-8). Because CD4*
CD45RB"€" cells are excluded with naturally arising CD4*CD25*
Foxp3* regulatory T cells (nTregs), CD4™" cells that are not regu-
lated by nTregs are thought to cause colitis (6, 9, 10). Actually,
transfer of CD4*CD25" nTregs into mice with CD4*CD45RB"€"
cell transfer-induced colitis effectively prevented and cured colitis,
further confirming the importance of CD4*CD25" nTregs in colitis

I nflammatory bowel disease (IBD) is a general term for
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(11-13). The importance of CD4*CD25Foxp3* Tregs in the
maintenance of immune homeostasis has been well documented
by other animal disease models such as experimental autoimmune
encephalomyelitis (EAE) (14). Despite the importance of CD4"
Tregs in colitis, the involvement of other Tregs, especially CD8*
Tregs, has not been well studied (15, 16).

T cells are largely divided into two populations of CD4* and
CD8* cells, and both populations contain Tregs (17, 18). Compared
with the rapid expansion of studies on CD4* Tregs, there are few
studies of CD8" Tregs. We have identified CD8* Tregs that express
CD122, the B-chain of IL-2R, and proved the importance of such
Tregs in the maintenance of immune homeostasis (19). We also
reported that such CD8"CD122* Tregs play an essential role in the
recovery phase of EAE, a mouse model of multiple sclerosis (20).
Considering the beautiful harmony, coordination, and synergy
between CD4™ cells and CD8" cells in general, it is reasonably
logical that Tregs distribute both CD4* and CD8" populations. We
have clarified part of the regulatory mechanism of CD8*CD122*
Tregs that is different from that of CD4*CD25"Foxp3* Tregs (21).
However, the shared role of these two types of Tregs remains un-
known.

In this study, we first investigated the role of CD8"CD122* Tregs
in preventing and curing colitis in a mouse model. Furthermore, we
studied the relationship of CD8"CD122" Tregs and CD4*CD25*
Foxp3™ Tregs and found evidence of a synergistic effect of these
Tregs.

Materials and Methods
Mice

C57BL/6 mice (6-8 wk old) were purchased from Japan SLC (Hamamatsu,
Japan). Recombination activating gene (RAG)-2~"~ mice with C57BL/6
genetic background were originally purchased from Taconic Farms
(Hudson, NY) and maintained in our animal facility. IL-10—knockout mice
with C57BL/6 genetic background were originally purchased from The
Jackson Laboratory (Bar Harbor, ME) and maintained in our animal fa-
cility. All mice used in this study were maintained under specific pathogen-
free conditions. Animal care was conducted in accordance with the
guidelines of Nagoya University (Nagoya, Japan).
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Abs mouse Foxp3 (clone FJK-16a) and streptavidin-PE-Cy5 conjugate were

. . purchased from eBioscience (San Diego, CA).
FITC- or PE-conjugated anti-mouse CDS8a (clone 53-6.7), FITC- or PE-

conjugated anti-mouse CD4 (L3T4), FITC-conjugated anti-mouse CD25 Serum amyloid-a quantification by ELISA

(clone PC61.5), biotin-conjugated anti-mouse CD4 (clone H129.19), biotin-

conjugated anti-mouse CD122 (clone 5H4), PE-conjugated anti-mouse Serum concentrations of serum amyloid-o (SAA) levels were monitored
CD45RB (clone 363-16A9), PE-conjugated anti-mouse IL-2 (clone JES6- every week and determined by ELISA (BioSource International, Cama-
5H4), biotin-conjugated anti-mouse IFN-vy (clone XMG1.2), FITC- or biotin- rillo, CA). The plates were read at an OD of 450 nm as described pre-
conjugated anti-mouse CD45.1 (clone A20) Abs, biotin-conjugated anti- viously (22).
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FIGURE 1. Prevention of colitis by CD8*CD122" Tregs. A, D4*CD45RB™2" cells (4 X 10%) in combination with either 2 X 10> CD4*CD45RB™ cells,
2 X 10° CD8*CD122* cells, or 2 X 10° CD8*CD122~ cells were transferred into RAG-2~/~ mice. Change of body weight was monitored until 12 wk after
T cell transfer. Data were obtained from three independent experiments (n = 3), each of which contained four mice (n = 4 each and n = 12 total; error
bar = SD). Data of transfer of CD4*CD45RB'" cells, CD8*CD122* cells, or CD§*CD122~ cells mixed with CD4*CD45RB™E" cells were compared with
that of transfer of CD4*CD45RB™" cells alone; data with statistically significant differences (*p < 0.005; Student ¢ test and Bonferroni correction) and
data without significant differences (#p > 0.005; Student ¢ test and Bonferroni correction). B, SAA was monitored (n = 4). Data of transfer of CD4*
CD45RB'" cells, CD§*CD122* cells, or CD§*CD122~ cells mixed with CD4*CD45RB™E" cells were compared with that of transfer of CD4*CD45RB™e"
cells alone; data with statistically significant differences (*p < 0.005; Student 7 test and Bonferroni correction) and data without significant difference (#p >
0.005; Student ¢ test and Bonferroni correction). C, Mice were sacrificed at 12 wk after T cell transfer, and the dissected colon was analyzed by H&E
staining (original magnification X 100). Representative pictures of each group are shown. D, Histological scores of individual mice are shown as O (first
experiment, n = 4), A (second experiment, n = 4), and O (third experiment, n = 4), and the averages of each group are shown as horizontal bars (total, n =
12). Statistical analysis was performed. Data with significant differences between two groups (*p < 0.005; Student ¢ test and Bonferroni correction) and
data without significant differences (#p > 0.005; Student 7 test and Bonferroni correction). E, Colon tissue was obtained from RAG-2""" mice treated as in
A, and RT-PCR was performed to evaluate the expression of cytokines and transcription factors. Representative results obtained from four mice in each
group are shown. F, Results of real-time PCR analysis are shown as bar graphs. Data obtained from four mice were analyzed, and the averages with SD
(error bars) are shown. Significant differences compared with control (CD45RB™E" alone) (*p < 0.00825; Student 7 test and Bonferroni correction) and not
significant differences (#p > 0.00825; Student ¢ test and Bonferroni correction).
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Table 1. Fecal blood of CD4*CD45RB"" cell-induced colitis is prevented by cotransfer of CD8*CDI122* cells

Weeks after T Cell Transfer

Transferred Cells 3 4 5 6 7 8 9 10 11 12
No cells 0/4 0/4 0/4 0/4 0/4 04 0/4 0/4 0/4 0/4
4*45RBM" alone (4 X 10°) 0/4 1/4 3/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4
4*45RBMe" and 8+122% (2 X 10°) 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4
4*45RBME" and 8*1227 (2 X 10°) 0/4 0/4 1/4 3/4 4/4 4/4 4/4 4/4 4/4 4/4
4*45RBMe" and 4*45RB™Y (2 X 10°) 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4

Rag-2~'~ mice that received 4 X 10° CD4*CD45RB"E" cells with or without 2 X 10° of indicated cells in the table were analyzed for their fecal
blood every week. Data indicate fecal blood-positive mice in total mice used for each experimental group.

RT-PCR

Total RNA was extracted from the descending colon with TRIzol (Invi-
trogen, Carlsbad, CA). The cDNA reaction was conducted using Superscript
II reverse transcriptase (Invitrogen). PCR (25-40 cycles) was performed in
a thermal cycler using the following conditions: denaturation, 45 s at 94°C;
annealing, 1 min at 60°C; and extension, 90 s at 72°C. The PCR products
were electrophoresed through a 1.5% agarose gel containing 0.5 pg/ml
ethidium bromide and visualized under UV light. The sequences of the
primer are shown in Supplemental Table 1.

Real-time RT PCR

Real-time PCR was performed using reaction mixture of SYBR Premix Ex
Taq II (Takara, Ohtsu, Japan) and ROX Reference Dye II (Takara). Initial
denaturation at 95°C for 10 s, 40 cycles of amplication with denaturation at
95°C for 5 s, followed by annealing at 60°C for 20 s and dissociation at
95°C for 60 s, 55°C for 30 s, and 95°C for 30 s. Product quantity was
subtracted using hypoxanthine phosphoribosyltransferase as an internal
housekeeping gene control. PCRs were performed in triplicate. Expression
of IL-10 and hypoxanthine phosphoribosyltransferase was detected by
using Mx3000P QPCR system (Stratagene, La Jolla, CA) and analyzed by
MxPro QPCR Software.

Activation of CD8122% T cells in vitro

Freshly isolated CD8*CD122* cells (5 X 10°) obtained from C57BL/65P4>2
mice were cultured in anti-CD3 mAb-coated 96-well plates with a medium
containing recombinant human IL-2 (10 ng/ml). Twenty-four hours
later, these activated CD8*CD122* cells (1 X 10°) were transferred into
RAG-2""" mice that had received CD4*CD45RB"=" cells 4 wk before.

Cell preparation

Spleen cells were incubated with anti-mouse CD8- or CD4-coated magnetic
beads (MACS; Miltenyi Biotec, Bergisch Gladbach, Germany), and the CD8
or CD4 cell-enriched fraction was recovered from the magnetic column,
according to the manufacturer’s protocol. Then, cells were stained with
FITC-conjugated anti-CD4 and PE-conjugated anti-CD45RB or FITC-
conjugated anti-CD8 and biotin-conjugated anti-CD122, followed by
staining with streptavidin-PECy5. Stained cells were subjected to the
FACSVantage cell sorter (BD Biosciences, San Jose, CA), and CD8"

CD4*CD45RBhigh CD4*CD45RBhigh CD4*CD45RBhigh
alone & CD8'CD122* & CDA4*CD45RBIow
% =
" {1.55 0.58 071 1668  16.47

FIGURE 2. Foxp3 expression in colitis-induced mice. Mesenteric lymph
nodes were obtained from RAG-2"'" mice that received 4 X 10° CD4*
CD45RB"&" cells alone, 4 X 10° CD4*CD45RB"E" cells plus 2 X 10°
CD8*CD122* cells, or 4 X 10> CD4*CD45RB™2" cells plus 2 X 10° CD4*
CD45RB'¥ cells. Cells were first stained with anti-CD4 and anti-CD25 Abs,
fixed, and permeabilized using the solution provided by eBioscience and
stained by anti-Foxp3 Ab. Cells were analyzed using a FACSCalibur flow
cytometer (BD Biosciences), and expression of CD25 and Foxp3 in cells
gated to CD4" is shown. Percentages of cells in each quadrant are shown
inside the panels. Representative results of four mice in each group are shown.

CDI122*, CD8*CD122~, CD4*CD45RB™#", and CD4*CD45RB™ cells
were obtained.

T cell transfer for therapeutic effect

Atotal of 4 X 10° CD4*CD45RB"" T cells obtained from C57BL/6“"*!
mice were i.p. injected into Rag-2—-deficient mice of C57BL/6 genetic
background. When the mice developed colitis 4-5 wk after transfer of
CD4*CD45RB"E" cells, mice secondarily received 1 X 10° naive CD8"
CD122* cells, preactivated CD8"CD122* cells, or CD4*25" cells. These
adoptively transferred mice were monitored for 14 wk.

Induction of experimental colitis

Splenic CD4*CD45RB"2" cells from C57BL/6“P**! mice were isolated by
FACS (FACSVantage; BD Biosciences). Sorted cells were >98% pure, and
4 X 10° cells of CD4*CD45RB™E" or CD4*CD45RB™" at a 2:1 or 4:1
ratio were coinjected with CD8*CD122" T cells i.p. into recipient RAG-2—
deficient mice. Body weight, fecal blood, and SAA levels were monitored
weekly. The adoptively transferred mice were monitored for 12 wk.

T cell culture and cytokine assay

For detection of cytoplasmic cytokines, the indicated cells were stimulated on
96-well flat-bottom plates coated with anti CD3 mAb (145-2C11; BD
Biosciences) at a density of 5 X 10° cells/well. CD4*cells were cocultured
with cells obtained from mesenteric lymph nodes of cell-transferred mice at

CD4*CD45RBhsh  CD4*CD45RBhigh
i alone & CD8*CD122*

—

15.8

CD4

FIGURE 3. Cells with suppressive activity exist in mesenteric lymph
nodes of mice that received CD8*CD122* cells. RAG-2"'~ mice that re-
ceived CD4*CD45RB"" cells (CD45.1%) alone or CD4*CD45RB"" cells
(CD45.1%) plus CD8*CD122" cells were sacrificed at 12 wk after T cell
transfer, and the cells recovered from mesenteric lymph nodes were
cocultured with CD4" cells freshly isolated from C57BL/6 mice (CD45.17).
After culture for 48 h, cells were stained with anti-CD45.1 and anti-CD4
Abs and then fixed, permeabilized, and stained with anti—IFN-vy or anti—IL-2
Ab. Cells were analyzed by flow cytometry, and expression of IFN-y and
IL-2 in CD4*CD45.1" cells was assessed. Percentages of cells expressing
the indicated cytokines in total CD4" cells are shown in each panel. Rep-
resentative results of three independent experiments are shown.
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aratio of 1:1. Cells were cultured for 48 h and treated with PMA (50 ng/ml)- Histology
ionomycin (1 pg/ml) and GolgiPlug (1 pg/ml) for the final 4 h. The

stimulated cells were subjected to intracellular cytokine analysis using the Descending (fOlOl’lS of mice. were flxed in 10% form.alin, embedded in
BD Cytofix/Cytoperm kit per the manufacturer’s instructions (BD Bio- paraffin, sectioned, and stained with H&E. Histological assessment of
sciences). Cytokine expression was analyzed with a FACSCalibur flow colon inflammation was performed by a single pathologist in a blinded
cytometer (BD Biosciences) and analyzed with CellQuest software (BD fashion using a standardized scoring system, as described previously (23,
Biosciences). 24).
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FIGURE 4. The importance of IL-10 in the suppression of colitis. A, CD4*CD45RB™" cells (4 X 10°) in combination with either 2 X 10° CD4*
CD45RB'"" cells, 2 X 10° CD8*CD122* cells obtained from wild-type (WT) C57BL/6 mice, or 2 X 10° CD8*CD122" cells obtained from IL-10~"~
mice were transferred into RAG-2""~ mice. Change of body weight was monitored until 12 wk after T cell transfer. Data were obtained from three
independent experiments (n = 3), each of which contained four mice (total, n = 12; error bar = SD). Data of transfer of CD122" cells derived from WT
mice or CD122* cells derived from IL-10—deficient mice mixed with CD45RB™" cells were compared with that of transfer of CD45RB™E" cells
alone; data with statistically significant differences (*p < 0.005; Student ¢ test and Bonferroni correction) and data of CD122" cells derived from IL-
10-deficient mice with significant differences compared with that of CD122* cells derived from wild-type mice (fp < 0.005; Student ¢ test and
Bonferroni correction). B, SAA was monitored (n = 4). Data of transfer of CD122" cells derived from WT mice or CD122* cells derived from IL-10—
deficient mice mixed with CD45RB™E" cells were compared with that of transfer of CD45RB™E" cells alone; data with statistically significant dif-
ferences (*p < 0.005; Student ¢ test and Bonferroni correction) and data of CD122* cells derived from IL-10-deficient mice with significant dif-
ferences compared with that of CD122" cells derived from WT mice (fp < 0.005; Student ¢ test and Bonferroni correction). C, Dissected colon was
analyzed by H&E staining (original magnification X 100). Representative pictures of each group are shown. D, Histological scores of colitis of in-
dividual mice are shown as O (first experiment, n = 4), A (second experiment, n = 4), and O (third experiment, n = 4). Data with statistically significant
differences between two groups (*p < 0.005; Student ¢ test and Bonferroni correction). E, Colon tissue was analyzed by RT-PCR to evaluate the
expression of cytokines and transcription factors. Representative results obtained from four mice in each group are shown. F, Results of real-time PCR
analysis are shown as bar graphs. Data obtained from four mice were analyzed, and the averages with SD (error bars) are shown. Significantly
different values compared with control (CD45RB™E" alone) (*p < 0.00825; Student ¢ test and Bonferroni correction) and not significantly different
values (#p > 0.00825; Student ¢ test and Bonferroni correction).

2207 ‘¢ 3sn3ny uo 1sons Aq /310 jounwwail mmm//:dny woiy papeojumo


http://www.jimmunol.org/

The Journal of Immunology

Statistical analysis

For the analysis of body weight change of mice and histological scores of
colitis, we combined the data obtained from three independent experiments
(n = 3), each of which contained 4 mice (n = 4). A total of 12 mice were
analyzed in each group. For the analysis of SAA and fecal blood tests, we
performed an initial experiment (n = 1) containing four mice (n = 4).
Judgment of significant difference was based on Student # test, and Bon-
ferroni corrections were applied to determine the p value for each exper-
iment (25).

Results
CD8"CDI22" cells but not CDS*CDI122" cells suppress the
development of CD4*CD45RB"¢" cell-induced colitis

First, we examined the simple preventive effect of CD8"CD122*
Tregs on colitis. We induced colitis by transferring 4 X 10° FACS-
purified CD4*CD45RB"&" cells into lymphocyte-deficient RAG-
27/~ mice. As we had previously shown that CD8*CD122* Tregs
suppressed not only CD8” cells but also CD4* cells in vitro (19), it
was anticipated that the transfer of CD8*CD122* Tregs would
suppress CD4*CD45RB™E" cell transfer-induced colitis. RAG-2—
deficient mice that received CD8*CD122* Tregs and CD4"
CD45RB" " cells did not develop colitis signs, whereas mice that
received CD8*CD122™ cells and CD4*CD45RB"" cells or CD4*
CD45RB"" cells alone developed colitis. Colitis was indicated by
weight loss (Fig. 1A), fecal blood (Table I), and SAA (Fig. 1B) and
then terminally confirmed by histological analysis of the colon
(Fig. 1C, 1D). There are almost no abnormal changes including
infiltration of inflammatory cells into the colon mucosa of mice
that received CD4*CD45RB"e" cells plus CD8*CD122* cells or
CD4*CD45RB™e" cells plus CD4*CD45RB!Y cells similarly to
those of mice without cell transfer, compared with massive in-
filtration of inflammatory cells including lymphocytes and neu-
trophils into the lamina propria of the colon in mice that received
CD4*CD45RB™" cells alone. The transfer of 2 X 10° CD8"
CD122" cells had a similar effect on colitis as the same number of
CD4"CD45RB'"" cells that included CD4*CD25*Foxp3™ Tregs.
RT-PCR analysis of colon tissue indicated that inflammatory
cytokines (TNF-o and IL-1s) and IFN-vy are expressed in colons
of mice with colitis that received CD4*CD45RB"™¢" cells alone or
CD4*CD45RB™E" cells plus CD8*CD122" cells but not in the
colons of mice without colitis that received CD4*CD45RB"E"
cells plus CD8*CD122* cells or CD4*CD45RBMe" cells plus
CD4*CD45RB'" cells (Fig. 1E). Rather, expression of immu-
nosuppressive cytokines including IL-10 and TGF-B was not
observed in colons with colitis, but IL-10 was observed in colons
free of colitis in mice that received CD4*CD45RB"e" cells plus
CD8*CD122* cells and those that received CD4*CD45RB™e"
cells plus CD4*CD45RB"" cells. These RT-PCR and gel elec-
trophoresis findings were confirmed by real-time PCR analysis
(Fig. 1F). Expression of TGF-f3 was also observed in the colons
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of mice that received CD4*CD45RBME" cells plus CD4*
CD45RB'Y cells (Fig. 1E). Expression of T-bet had a similar
pattern to that of IFN-y and other inflammatory cytokines,
whereas the expression pattern of GATA3 was similar to that of
TGF-B. Transfer of CD8*CD122" cells resulted in induction of
IL-10 but no detectable induction of TGF-B and GATA3, all
of which were induced by transfer of CD4*CD45RB'®Y cells. This
suggested a different mechanism of colitis prevention between
CD8*CD122* cells and CD4*CD45RB™" cells that contain CD4*
CD25"Foxp3™ Tregs. Another interesting finding observed in the
mixed transfer of effector cells (CD4*CD45RBM&") and Tregs
(CD4*CD45RB™" or CD8"CD122* cells) is that reversal of cell
number between effector cells and regulatory cells occurs during 12
wk of experimental period (Supplemental Fig. 14). The ratio of cell
number between effector cells and regulatory cells at the time
of cell transfer was 2:1, whereas the ratio became 1:2~1:5 after 12
wk. This phenomenon is supposed to be caused by expansion of
regulatory cells and/or decrease of effector cells.

CD8*CDI22*Tregs suppress CD45RB"" cell-induced colitis
without inducing CD4*CD25" Foxp3™* Tregs

CD8"CD122" cells suppressed the development of colitis (Fig. 1).
There were some possibilities for this experimental result. CD8*
CD122" cells may have directly suppressed the activity of CD4"
effector T cells or CD8"CD122" T cells may induce Tregs from
CD4*CD45RB"e" cells. To distinguish these possibilities, we an-
alyzed Foxp3 expression. In the RT-PCR analysis of colon
tissue, we observed Foxp3 expression in the colons of mice that
received CD4*CD45RB™E" cells plus CD4*CD45RB"Y cells but
not in the colons of mice that received CD4*CD45RB"2" cells plus
CD8'CD122" cells (Fig. 1E). In the flow cytometric analysis,
mesenteric lymph node cells derived from mice that received CD4™"
CD45RBME" cells plus CD4*CD45RB"" cells clearly had a re-
markable number of CD4 Foxp3™* cells but those derived from mice
that received CD4*CD45RB"2" cells plus CD8*CD122" cells did
not (Fig. 2). These results indicate that CD8"CD122" cells do not
induce CD4"Foxp3* Tregs but likely suppress CD4*CD45RB"e"
cells directly. Another possible mechanism of suppression is that
CD8"CD122" Tregs induce IL-10—producing Tr1 cells. We isolated
CD4" cells from mice that had received CD4*CD45RB"e" cells
plus CD8*CD122" cells and examined the expression of IL-10 by
real-time RT-PCR analysis. The result showed that CD4* cells did
not express IL-10, indicating that Trl cells were not induced
(Supplemental Fig. 1B).

Tregs that suppress the activity of colitis-promoting CD4*
CD45RB"" cells exist in colitis-free mice

We examined the suppressive activity of cells in mesenteric lymph
nodes when the development of colitis was suppressed by trans-
ferring CD8*CD122" Tregs. CD4" cells obtained from wild-type

Table 1. Fecal blood of CD4*CD45RB"" cell-induced colitis is only partially prevented by cotransfer of IL-10~deficient CD8*

CDI22" cells

Weeks after T Cell Transfer

Transferred Cells 3 4 5 6 7 8 9 10 11 12
No cells 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4
4*45RBM" alone 0/4 1/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4
4*45RBM#" and 8+122% (WT) 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4
4*45RBMEN and 8+1227 (IL-107'7) 0/4 0/4 0/4 1/4 2/4 3/4 4/4 4/4 4/4 4/4
4*45RBMe" and 4*45RB™Y 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4

Rag-2~'~ mice that received 4 X 10° CD4*CD45RB"E" cells with/without 2 X 10° of indicated cells obtained from wild-type (WT) mice or IL-107/~
mice were analyzed for their fecal blood every week. Data indicate fecal blood-positive mice in total mice used for each experimental group.
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FIGURE 5. Therapeutic effect of activated CD8*CD122* cells for colitis. A, CD4*CD45RB"" cells (4 X 10%) were transferred into RAG-2"'" mice at
week 0, and 2 X 10° CD4*CD25" cells, 2 X 10° CD8*CD122" cells, 2 X 10° in vitro-activated CD8*CD122" cells, or in vitro-activated CD8*CD122" cells
derived from IL-10~'~ mice were transferred at week 4. Change of body weight was monitored until 12 wk after the initial CD4*CD45RB"€" cell transfer.
The average data of 12 mice (three independent experiments of four mice each) in each group are demonstrated with error bars of SD. Data of transfer of
CD4*CD25" cells, wild-type (WT) mice-derived CD122" cells (simple CD122™), in vitro-activated CD122* cells, or in vitro-activated CD122" cells derived
from IL-10""" mice were compared with that of transfer of CD45RB"#" cells alone; data with statistically significant differences (*p < 0.0033; Student ¢
test and Bonferroni correction) and data without a significant difference (#p > 0.0033; Student  test and Bonferroni correction). Data of in vitro-activated
CDI122" cells with significant differences compared with that of non-in vitro—activated CD122* cells (simple 122%) (fp < 0.0033; Student ¢ test and
Bonferroni correction). B, SAA was monitored until 12 wk after the initial CD4*CD45RB™" cell transfer. The average data of four mice in each group are
demonstrated with error bars of SD. Data of transfer of CD4*CD25" cells, non-in vitro—activated CD122" cells (simple 122*), or in vitro-activated CD122*
cells were compared with that of transfer of CD45RB"&" cells alone; data with statistically significant difference (*p < 0.0033; Student 7 test and
Bonferroni correction). Data of in vitro-activated CD122" cells with significant difference compared with that of non-in vitro—activated CD122" cells
(simple 122*) (p < 0.0033; Student  test and Bonferroni correction). C, Mice were sacrificed 12 wk after T cell transfer, and dissected colon was analyzed
by H&E staining (original magnification X100). Representative pictures of each group are shown. D, Histological scores of colitis of individual mice are
shown as O (first experiment, n = 4), A (second experiment, n = 4), and O (third experiment, n = 4), and the averages of each group are shown as horizontal
bars. Data with statistically significant differences between the two groups (*p < 0.0033; Student 7 test and Bonferroni correction); data without statistically
significant differences between the two groups (#p > 0.0033; Student ¢ test and Bonferroni correction). E, Colon tissue was obtained from RAG-2~'~ mice
treated as in A, and RT-PCR was performed to evaluate the expression of cytokines and transcription factors. Representative results obtained from four mice
in each group are shown. F, Results of real-time PCR analysis are shown as bar graphs. Data obtained from four mice were analyzed, and the averages with
SD (error bars) are shown. Significantly different values compared with control (CD45RB"" alone) (*p < 0.005; Student ¢ test and Bonferroni correction)
and not significantly different values (#p > 0.00825; Student ¢ test and Bonferroni correction).
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C57BL/6 mice were cocultured with cells obtained from mesen-
teric lymph nodes of mice that received CD4*CD45RB"e" cells
alone or a mixture of CD4*CD45RB"" cells and CD8"CD122*
cells, and then, expression of IFN-y and IL-2 was measured
by intracellular staining with Abs and flow cytometric analysis.
Cells obtained from mesenteric lymph nodes of mice that received
CD4*CD45RB™" cells and CDS8*CDI122* cells were able to
suppress expression of IFN-y and IL-2 in cocultured CD4" cells
compared with those of mice that received CD4"CD45RBMe" cells
alone (Fig. 3).

IL-10 is an important effect-transmitting factor produced by
CD8*CDI22" Tregs that suppress colitis

Because IL-10 is the most important effect-transmitting factor
for CD8"CD122" Tregs (26), we next investigated the role of
IL-10 in the prevention of colitis by CD8*CD122* Tregs. CD8"
CD122* cells were collected from IL-10~'" mice, and their ability
to suppress colitis was compared with that of wild-type mice.
CD8*CD122* cells derived from IL-10~" mice were partially
able to suppress CD4*CD45RB"2" cell-induced colitis. Compared
with no addition of Tregs to CD4*CD45RB"E" cells, IL-10—de-
ficient CD8*CD122" cells partially reduced weight loss (Fig. 44),
reduced the SAA level (Fig. 4B), delayed the appearance of fecal
blood (Table II), and improved histological changes in the colon
(Fig. 4C, 4D). Compared with adding CD8*CD122" cells derived
from wild-type mice to CD4"CD45RBME" cells, the effect of IL-
10—deficient CD8"CD122* cells was significantly insufficient to
normalize colitis induced by CD4*CD45RB" " cells (Fig. 4, Table
II). These results correspond to the experiment using CD8*
CDI122" cells as effector cells for CD8*CD122" cells in our
previous study (26), which showed insufficient suppressive ac-
tivity of IL-10-deficient CD8*CD122" Tregs compared with wild-
type CD8"CD122" cells but significant suppressive effect com-
pared with no addition of CD8"CD122" Tregs. The present study
further suggested the presence of some compensatory factor(s)
that suppresses effector T cells in the absence of IL-10. However,
RT-PCR analysis and real-time PCR analysis revealed that the
gene expression pattern of cytokines in IL-10~/~CD8*CD122*
cell-transferred mice is similar to the pattern transferred with
CD4*CD45RB™" cells alone rather than the pattern transferred
with CD4*CD45RB"" cells plus wild-type mice-derived CD8"
CD122" cells (Fig. 4E, 4F), indicating the importance of IL-10 to
suppress colitis produced by CD8"CD122* cells.

CD8*CDI22" Tregs not only prevent the development of colitis
but also work therapeutically on established colitis

We also examined whether CD8*CD122* Tregs possessed thera-
peutic potential for established colitis. Purified CD4*CD45RB""
cells were transferred into RAG-2""~ mice, and 4 wk later, CD4"
CD25" cells, CD8*CD122" cells, or CD8*CD122" cells that had
been activated by in vitro culture with stimulation by plate-bound
anti-CD3 Ab were transferred into the colitis-induced mice.
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IL-10—deficient CD8*CD122* cells that had been activated by anti-
CD3 Ab were also examined for their suppressive effect on colitis.
In this experiment, CD4*CD25" cells were used as a positive
control instead of CD4*CD45RB'®Y cells because CD4"CD25"
cells showed a clearer therapeutic effect than CD4*CD45RB"¥
cells (data not shown). Simple CD8"CD122" cells were only par-
tially able to improve once-established colitis, whereas in vitro-
activated CD8"CD122" cells obviously improved body weight
(Fig. 5A), fecal blood (Table III), SAA (Fig. 5B), and histological
changes of the colon (Fig. 5C, 5D), as such improvement was also
observed by the transfer of CD4"CD25" Tregs. RT-PCR analysis
and real-time PCR analysis revealed that the expression pattern of
cytokines in CD8*CD122* cell-transferred mice is similar to that
transferred with CD4"CD45RB"&" cells alone rather than that
transferred with CD4*CD45RB"&" cells plus in vitro-activated
CD8"CD122" cells (Fig. 5E, 5F), indicating the importance of
activation of CD8*CD122" cells to perform their suppressive ac-
tivity. Anti-CD3 Ab-activated CD8*CD122" cells derived from IL-
10—deficient mice failed to suppress colitis (Fig. 5), emphasizing
the importance of IL-10 in suppression of colitis.

CD4*CD45RB™" cells and CD8TCDI22" Tregs
synergistically work to suppress colitis

Next, we investigated whether CD8*CD122* Tregs and CD4*
CD45RB™ cells synergistically prevent colitis. To examine this
hypothesis, we first transferred half the number (1 X 10%) of Tregs
with clear regulatory activity when 2 X 10° of either CD8*
CDI22" cells or CD4*CD45RB™" cells were transferred with
4 X 10° CD4*CD45RB" " cells in the former experiment (Fig. 1).
In both cases of CD8*CD122" cells and CD4*CD45RB™Y cells,
transfer of half the number (I X 10°) of Treg-containing cells
mixed with CD4*CD45RB™2" cells was unable to prevent colitis
(Fig. 6, Table IV). However, 1 X 10° of a mixture of 0.5 X 10°
each of CD4*CD45RB'Y cells and CD8*CD122" cells effectively
prevented colitis (Fig. 6, Table IV). Again, RT-PCR analysis and
real-time PCR analysis revealed that the gene expression pattern
of cytokines in mice transferred with a small number of
either CD45RB'Y or CD8*CD122* cells is similar to the gene
expression of mice transferred with CD4*CD45RB™" cells alone.
In contrast, the gene expression pattern in mice transferred with
a small number of both CD45RB"" and CD8*CD122" cells is
rather similar to that of mice transferred with a sufficient number
of CD45RB™Y cells (Figs. 1, 6E, 6F). These results indicated the
synergistic effect of CD8" Tregs in the CD8CD122" population
and CD4" Tregs in the CD4*CD45RB'" population.

Effect of a combination of CD8"CDI122" Tregs and CD4*
CD25" Tregs

In Fig. 6 and Table IV, we showed a synergistic effect of CD8"
CD122" Tregs and CD4" Tregs to prevent colitis induced by
transfer of CD4*CD45RB™2" cells into RAG-2""" mice. To fur-
ther confirm the synergistic effect of CD8"CD122" Tregs and

Table III.  Fecal blood of CD4*CD45RB"¢" cell-induced colitis is cured by cotransfer of in vitro-activated CD8*CDI122* cells

Weeks after T Cell Transfer

Transferred Cells 3 4 5 6 7 8 9 10 11 12
No cells 0/4 0/4 0/4 0/4 0/4 094 0/4 0/4 0/4 0/4
4*45RB"" alone 0/4 2/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4
4*45RBME" and 8*122* (naive) 0/4 1/4 2/4 3/4 3/4 4/4 4/4 4/4 4/4 4/4
4*45RBME" and 8*122* (activated) 0/4 2/4 3/4 4/4 3/4 2/4 0/4 0/4 0/4 0/4
4*45RBMe" and 4+25* 0/4 3/4 4/4 3/4 2/4 1/4 0/4 0/4 0/4 0/4

Rag-2~'~ mice that received 4 X 10° CD4*CD45RB"™¢" cells at week 0 further received 2 X 10° of indicated cells at week 4. Fecal blood was checked
every week. Data indicate fecal blood-positive mice in total mice used for each experimental group.
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CD4" Tregs, we performed another experiment using mature are violently out of control and kill the host mouse. These out-
RAG-2""" mice (>10 wk old) instead of young mice (5-7 wk rageous CD8'CDI122™ T cells cannot be controlled by CD4*
old) that were still growing and gaining weight (Figs. 1, 4-6A). CD25% Tregs because RAG-2~'~ mice that received CD8*
RAG-2""" mice that received CD8"CD122™ cells became ill and CD122" cells together with CD4*CD25" Tregs also die similarly
died within 10 wk of the T cell transfer (19). This surprising to RAG-2""" mice that received only CD8"CD122" cells (19).
phenomenon is explained by the deficiency of CD8*CD122" Tregs These experimental results indicate that CD8*CD122* Tregs ex-
that control CD8*CD122" cells and maintain T cell homeostasis. clusively work to control CD8* cells but CD4*CD25* Tregs do
Without CD8"CD122* Tregs, the remaining CD8*CD122™ T cells not. Then what about the control of CD4" cells? We also found
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FIGURE 6. Synergistic effect of CD8*CD122" cells and CD4*CD45RB™" cells in the prevention of colitis. A, CD4*CD45RB"e" cells (4 X 10%) in
combination with either 1 X 10° CD4*CD45RB"" cells, 1 X 10° CD8*CD122* cells, or a mixture of 0.5 X 10° CD8*CD122" cells and 0.5 X 10> CD4*
CD45RB'"" cells were transferred into RAG-2~'~ mice. Change of body weight was monitored. The average data of 12 mice (three independent experiments
of four mice each) are shown. Data of transfer of CD45RB"¥ cells, CD122" cells, and both CD45RB!Y cells and CD122" cells were compared with that of
transfer of CD45RB™2" cells alone; data with statistically significant differences (*p < 0.005; Student 7 test and Bonferroni correction) and data without
significant difference (#p > 0.005; Student ¢ test and Bonferroni correction). Data from the transfer of both CD122* cells and CD45RB™" cells with sig-
nificant differences compared with that of the transfer of CD45RB™ cells but no CD122* cells (fp < 0.005; Student ¢ test and Bonferroni correction). B, SAA
was monitored (n = 4; error bar = SD). Data of transfer of CD4"CD45RB'¥ cells, CD8"CD122* cells, or both CD8*CD122 "~ cells and CD4*CD45RB™Y cells
were compared with that of transfer of CD4*CD45RB"€" cells alone; data with statistically significant differences (*p < 0.005; Student ¢ test and Bonferroni
correction) and data without significant differences (#p > 0.005; Student ¢ test and Bonferroni correction). C, The dissected colon was analyzed 12 wk after
T cell transfer (original magnification X 100). Representative pictures in each group are shown. D, Histological scores of colitis of individual mice are shown
as O (first experiment, n = 4), /A (second experiment, n = 4), and O (third experiment, n = 4). Data with statistically significant difference between the two
groups (*p < 0.005; Student ¢ test and Bonferroni correction). E, Colon tissue was analyzed by RT-PCR to evaluate the expression of cytokines and tran-
scription factors. Representative results obtained from four mice in each group are shown. F, Results of real-time PCR analysis are shown as bar graphs. Data
obtained from four mice were analyzed, and the average with SD (error bars) is shown. Significantly different values compared with control (CD45RB"€" alone)
(*p < 0.00825; Student ¢ test and Bonferroni correction) and not significantly different values (#p > 0.00825; Student ¢ test and Bonferroni correction).
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Table IV.  Fecal blood of CD4*CD45RB"" cell-induced colitis is more effectively prevented by cotransfer of CDS8*CD122™ cells

and CD4*CD45RB"" cells

Weeks after T Cell Transfer

Transferred Cells 3 4 5 6 7 8 9 10 11 12
No cells 0/4 0/4 04 04 0/4 094 04 04 04 04
4*45RB™M#" alone (4 X 10°) 0/4 1/4 44 44 44 44 A4 44 44 44
4*45RBME" and 8*122% (1 X 10°) 0/4 0/4 04 04 2/4 44 44 44 44 44
4*45RBME" and 4*45RB™Y (1 X 10°) 0/4  0/4 04 04 14 3/4 44 44 44 4/4
4*45RBMEh 8*122%(0.5 X 10%), 4745RB°Y (0.5 X 10°) 0/4 0/4 0/4 0/4 04 0/4 04 04 04 0/4

49

Rag-2~'" mice that received 4 X 10° CD4*CD45RB"™2" cells with or without 1 X 10° CD8*122*cells, 1 X 10° CD4*CD45RB'*" cells, or a mixture of
0.5 X 10° CD8*122*cells and 0.5 X 10° CD4*CD45RB™" cells were analyzed for their fecal blood every week. Data indicate fecal blood-positive mice

in total mice used for each experimental group.

that CD8*CD122* Tregs control CD4" cells (19). To clarify the
role of CD8"CD122" Tregs in possible coordination with CD4*
CD25" Tregs, we set up a similar experiment of T cell transfer into
RAG-2"'" mice in which CD4*CD25 " cells work as effector cells
and become target cells for the Tregs. First, we show the survival
of mice and their change in body weight (Fig. 7). In this experi-
ment, we injected 1.2 X 10° CD4*CD25™ cells mixed or unmixed
with possible combinations of 0.6 X 10° CD4*CD25" Tregs and/
or 0.6 X 10° CD8*CD122* Tregs into RAG-2"'~ mice. As shown
in Fig. 7, mice that received only CD4*CD25" cells began to die

~6 wk after cell transfer, and all the mice died within 10 wk. This
result is similar to that of an experiment in which CD8"CD122~
T cells were transferred into RAG-2"'" mice (19), further con-
firming the dangerous action of unregulated T cells. When we
transferred CD8*CD122* Tregs and CD4"CD25™ cells, the sur-
vival of mice was slightly increased, and this improvement in
survival was much more obvious when CD4*CD25" Tregs were
transferred together with CD4"CD25~ cells. However, mice
transferred with CD4*CD25™ cells and CD4*CD25" cells still
died within 18 wk after cell transfer. This suggested that CD4*
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FIGURE 7. Synergistic effect of CD8"CDI122*
Tregs and CD4" Tregs in another experimental sys-
tem. A, The survival of T cell-transferred RAG-27"~ B
mice was chased until 20 wk after the T cell transfer.
The survival rate is presented as a Kaplan-Meier
curve. Five mice in each group were analyzed. B, The
body weight of T cell-transferred RAG-2"'" mice
was measured until 20 wk after T cell transfer. Body
weight change was monitored for five mice in each
group. The average data of five mice in each group
are demonstrated with error bars of SD.
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CD25™ cells alone are not perfect for the control of CD4*CD25™
cells because we transferred more CD4"CD25" Tregs than the
natural ratio of CD4*CD25" cells to CD4*CD25™ cells. A sig-
nificant result was obtained when we mixed both CD4*CD25"
cells and CD8"CD122" cells with CD4*CD25 " cells. All the mice
(five of five) that received CD4*CD25™ cells together with both
CD8*CD122" cells and CD4*CD25" cells survived >20 wk after
T cell transfer without any signs of illness. The efficacy of the
combination of two Tregs was also confirmed by chasing body
weight change of RAG-2~'" mice that received a combination of
CD4"CD25" Tregs and CD8"CD122" Tregs. The change of body
weight apparently indicates the health of mice and perfectly par-
allels the survival of mice (Fig. 7).

The number of CD69" activated T cells was increased in sick
mice with uncontrolled T cells

Five weeks after T cell transfer, spleen cells were analyzed for their
origin (Supplemental Fig. 2). In this experiment, Tregs were de-
rived from a C57BL/6“"*>! congeneic strain and could be dis-
tinguished from CD4"CD25~ effector cells that were derived from
normal C57BL/6P* mice. Transferred cells and their deriva-
tives were clearly observed (Supplemental Fig. 2). When we an-
alyze the total number of spleen cells, they were normally
conserved in RAG-2~'~ mice that received CD4*CD25 ™ cells
together with both CD8*CD122* cells and CD4*CD25" cells but
were increased in other mice that received CD4*CD25 ™ cells with
a single Treg population.

The ratio of CD69" activated T cells in total CD4" cells was
examined 5 wk after T cell transfer (Fig. 8A). Apparently, the
number of CD4"CD69" cells was higher in RAG-2~'~ mice that
received only CD4"CD25™ cells than in mice that received CD4*
CD25™ cells with either CD8*CD122" cells or CD4*CD25" cells
(Fig. 8B). The number of CD4"CD69" cells was further decreased
when RAG-2"'" mice received a mixture of CD4*CD25 cells,
CD4*CD25" cells, and CD8*CDI122" cells. This decrease of
CD69* activated T cells was also observed in the presence of
CD8*CD122" effector T cells (Fig. 8). Thus, the synergistic effect
of CD4*CD25" Tregs and CD8"CD122"* Tregs was also confirmed
in this experimental system.

Discussion

In this study, we demonstrated that CD8*CD122* Tregs have a ca-
pacity to suppress colitis induced by CD4*CD45RB"" cells. One
may wonder whether CD8" Tregs suppress not only CD8* cells but
also CD4" cells. This question may be answered by the following
experimental results. First, CD8*CD122" Tregs suppress IFN-y
production from CD4"CD25~ T cells and IL-2 production
from CD4" Thl clones in the in vitro coculture systems (19).
Second, CD8"CD122" Tregs improve the signs of EAE induced by
immunizing mice with a peptide that is presented on MHC class 11
and stimulates CD4* cells (20). CD8*CD122" Tregs recognize
activated T cells in an MHC class I-restricted manner (21), in-
dicating that these Tregs suppress both CD8” cells and CD4™* cells
that express MHC class I molecules.

Some CD8" Tregs other than CD8*CD122* cells suppress co-
litis (27). CD8"CD28™ cells may be the best-described candidate
among such CD8" Tregs (28-30) and raise a hypothesis that CD8*
CD28" cells and CD8"CD122" cells overlap. However, we have
clearly shown that there are no CD122" cells in the CD8"CD28~
cell population, and CD8*CD122" cells are mostly CD28"
(Y. Okuno, unpublished observations), indicating that CD8*
CD28 '~ cells and CD8*CD122* cells are completely different.
The functional and developmental relationships between these
CD8" Tregs remain unknown at present.
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FIGURE 8. Synergistic effect of CD8*CD122" Tregs and CD4" Tregs to
reduce the number of activated T cells. A, Spleen cells gated to CD4*
CD45.17" (originally CD4*CD25™ cells) were analyzed for the expression of
CD69 to determine the activation status 5 wk after transfer. Percentages of
CD69" cells in total CD4* cells are shown inside the panels. Representative
results obtained from two experiments containing five mice each are shown.
B, Total of CD4*CD69™ cells 5 wk after cell transfer. Data are obtained from
two experiments containing five mice in each group and are shown as
averages with error bars of SD. Statistical analysis was performed, and p
values comparing the two groups are shown in the graph (Student 7 test).

IL-10 is supposed to be the main effect-transmitting molecule
of CD8"CD122" Tregs (26). In this study, CD8"CD122" Tregs
derived from IL-10"'" mice did not show sufficient regulatory
activity to suppress colitis (Fig. 4). However, RAG-2"/~ mice
transferred with CD8*CD122" cells derived from IL-10""" mice
were much better than mice transferred with CD4*CD45RB" "
cells alone, indicating that such non—IL-10-producing cells still
maintain some capacity to suppress colitis induced by CD4"
CD45RB"2" cells. This result corresponds to the capacity of
CD8*CD122* cells to suppress CD8" cells (26). By considering
these similar results, we can conclude that IL-10 is the primary
effector molecule that is produced by CD8"CDI122* cells,
whereas these cells may be able to use another effect-
transmitting mechanism in the absence of IL-10. Again, these
similar results of suppression of CD8* cells and CD4" cells by
CD8*CD122" Tregs further support that these regulatory cells use
the same mechanism to suppress both CD8" cells and CD4™ cells.
Compared with the current study examining the role of IL-10 for
regulation of colitis by CD8" Tregs, numerous studies have al-
ready been performed on CD4" Tregs (22, 31-38). Although most
of the studies support an essential role of IL-10 for control of
colitis by CD4" Tregs, IL-10-independent regulation of colitis by
CD4* Tregs has not been excluded. TGF-B does not seem to be
involved in the prevention and cure of colitis; however, this
finding remains controversial (39—41). Our experimental result of
a lack of TGF-B expression in healthy mice that received CD8"
CD122" cells (Fig. 1E) may further support the negative role of
TGF-B.
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When transferring CD8"CD122" cells after the transfer of
CD4*CD45RB™ cells, only activated CD8"CD122* cells are ef-
fective. CD8*CD122" cells are supposed to be partially activated
and respond quickly to stimulation. However, CD8"CD122*
cells that are not activated ex vivo may need further stimulation,
and it may require more time for nonactivated CD8*CD122"*
Tregs to become fully active Tregs. As reported (11, 12) and
confirmed by our experiment (Fig. 5), CD4"CD25" Tregs have
the capacity to cure already-developed colitis. Compared with
the effective capacity of CD4" Tregs to cure colitis, the effect of
CD8*CD122" Tregs for colitis seems weak. However, ex vivo-
activated CD8"CD122" Tregs showed sufficient regulatory ac-
tivity for already-developed colitis (Fig. 5), suggesting that it
may take a little longer time for regulation by CD8*CD122*
Tregs, and there may be a different working phase for CD4*
Tregs and CD8"CD122* Tregs.

In this paper, we also demonstrated a possible synergistic action
of CD4" Tregs and CD8" Tregs. In the current study, we observed
that CD8*CD122" Tregs have the capacity to suppress the de-
velopment of colitis induced by CD4*CD45RB™E" cells, and the
capacity to suppress colitis by CD4" Treg has been reported (8—
10). These effects are obvious by introducing either type of Tregs,
but considerable numbers of regulatory cells are necessary for
complete suppression. The minimal ratio of Tregs and effector
cells (CD4*CD45RB™ME! cells) is 1:2 (2 X 10° Tregs/4 X 10°
effector T cells) when using a single type of Tregs. We cannot
directly compare the potential of CD8" Tregs and CD4" Tregs to
suppress colitis because the real action of these regulatory cells is
biased by their capacity for homeostatic proliferation of trans-
ferred cells, and we can only evaluate the suppressing capacity of
these Tregs after homeostatic proliferation. Actually, CD8" cells
proliferate more than CD4" cells, and the CD4*/CD8" ratio after
homeostatic proliferation was rather CD8* cell dominant in
the case of transfer of CD4"CD45RB™" cells and CD8"CD122"
cells. Nevertheless, when the ratio of regulatory cells and effector
cells was 1:4 (1 X 10° Tregs/4 X 10° effector T cells), both types
of Tregs were not sufficient to suppress colitis. In contrast, a 1:4
ratio of total Tregs, which consists of 1:8 of both types of Tregs
(0.5 X 10° each of CD4*CD45RB™" cells and CD8"CD122"
cells) effectively suppressed colitis (Fig. 6), indicating a syner-
gistic effect of these completely different types of Tregs. In this
report, we show a synergistic effect of CD4" Tregs and CD8"
Tregs and provide a potential application of Tregs to the medical
field. The combination of both CD4* and CD8* Tregs is much
better than a single type of Treg. However, the mechanism of the
synergistic effect of CD4" Tregs and CD8" Tregs is unknown. We
do not have an answer for this question yet, but it is unlikely that
CD8" Tregs induce CD4" induced-type Tregs (Fig. 2).

In this study, we used a mouse system to demonstrate that CD8”*
CD122* Tregs have the potential to prevent and cure colitis.
Next, it will be most important to determine whether the regu-
latory potential of CD8*CD122" cells can be applied to actual
human diseases. This application is based on the existence of
human CDS8* Tregs that correspond to murine CD8*CD122*
Tregs. In our previous study, we identified CD8"CXCR3" Tregs
in humans that are functionally similar to murine CD8*CD122*
Tregs, although there are no CD8"CD122" cells in human pe-
ripheral blood (42). Thus, human CD8" Tregs, possibly in com-
bination with CD4* Tregs, may open the door to treatment of
human IBD.
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