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Increased Indoleamine 2,3-Dioxygenase Expressing CD11c¢*CD11b*
Dendritic cells in Oral Tolerance to Type II Collagen

Young Joo Kim, Ho-Youn Kim, Min Jung Park, So-Youn Min, Hyun-Sil Park, Mi-La Cho

The Rheumatism Research Center, Catholic Research Institute of Medical Science,
The Catholic University of Korea, Seoul, Korea

Obijective: Indoleamine 2, 3-dioxygenase (IDO), an immuno suppression enzyme, is one of
the initial and rate-limiting enzymes involved in the catabolism of the essential amino acid
tryptophan. IDO inhibits T cell proliferation, induces T cell apoptosis, and plays a fundamental
role in autoimmunity and allergy. We investigated which subtype of dendritic cells (DCs) is
involved in IDO expression and the generation of regulatory T cells during the induction of oral
tolerance in type Il collagen-induced arthritis (CIA).

Methods: Type Il Collagen was fed to DBA/1J mice before immunization. Changes in DC
subtypes and induction of regulatory T cell in orally tolerized CIA mice were analyzed. Whether
the effect of DC subtype was modulated by the IDO expression, was determined by flow
cytometry (FACs) and confocal microscopy.

Results: IDO expression of CD11c” DCs was higher in orally tolerized CIA mice than in
non-tolerized CIA mice. CD11b™ DCs of the CD11c*DCs, subtype was higher in the induction
of in IDO expression. Our data suggest that these IDO expressing DCs of oral tolerized mice
suppressed type Il collagen-specific T cell proliferation and favored the differentiation of naive
CD4" T cells into regulatory T cells. Especially, CD11c"CD11b" DCs expressed IDO, which
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: Expression of IDO by CD11b" DCs in Oral Tolerance to Type 1I Collagen —

is known to be associated with regulatory T cell induction.

Conclusion: We observed that oral tolerance induced the increase in IDO-expressing CD11c™
CD11b™ DCs, which appeared to induce regulatory T cells. IDO-expressing CD11c*CD11b™
DCs are involved in oral tolerance, which may provide a new therapeutic approach for the

treatment of rheumatoid arthritis.

Key Words: CD11c*CD11b*

dendritic cells,

Indoleamine 2,3-dioxygenase (IDO), Oral

tolerance, Regulatory T cell, Autoimmune arthritis

o (1. et ok AT % ARel s
sl A A gk 3). A
Zl3ld A 7 E(Kynurenine metabolic pathway)E
B4 EYEg o3l Beleto] FHaha ek
olf]l AZE B EREIS Eilste A4LQ in-
doleamine 2,3-dioxygenase (IDO)= EHEI HZ 7]
Aol o3 HAHE e Aol TAE Z
Alo] A= AEAEE Frslo] RS
Mske Aew FeiA Ao @o). old g Fa
EYEgs Hilste #£49 DO WAAZS I
AEAA ws et ol Rel a}
2w D09 WaE AAAFH dlotell sl Ayt
& dogled (7), olAe EFES] Ezgol
198 A0l 2ol Aol AE A,

o]
FA A Z(dendritic cells, DCs)y= 7H4 7# gk g

ox.
-4
o
fo
N
>
A
2
R

=

f'

A AGAERH 259 oA, AEE, A A,
oboll whel Y¥E TAE FAHUAR Fgeta I
Fe wx TAE &S FEST 6-13). FALA
ZollA EE IDOE THAIES FA7 ALl
= A 4 J«L h§-229] ?1 SEIERIGE

% Kﬂ*«l a}% X

] AAE A AATE W= v U (16).
ul9-29] CD8a " FAFAEANA WHE= IDO7}
ZoFdel 3k AdA FRIRES DTS Ak
Bausgdel (17). T3 Mellor 5+ CpG oligonucleo-
tides A Wz FUetA S ul, wAAZN CD19”
FA A ZNA DO Wdo] FE2E 3L DO o EH
ZIse Zedxn Hasdch 19).
Puccetti 52 IDOE "l plasmacytoid 4] /34l
T} A= BLe zARLE Foy AL Fuiw
Baselnt (19, 2 AFREe] FEH BAY
-2 Reld|A] B4 FAGAEI} o]E 3 IDOE
A=A =47t deste, o]Ed IDOE W)
A FAGANEIL L3 TAES Wg=xd TA
AeheAel Bk A77} Aesivh. WeAng
< JHstEl glelA, Dodl 8 TAE
< JAATI= EREZD JIHE o|&3td, ¥
Aol = A2 Zepller AFPESs FET B
Aol 2wl wp$-29] CD11c'CD11b" A A4 ol A
IDO o] Z71E9 3 gk 2712 type II collagen
(CIpoll SolHQ a3 TAEFH Hhgs AALH
Al M =4 TAZS A fFEstedl o]
Fozy WARES wsted T3 J4gE F
Pt S-S Wk olEst AIE T #
Aede] ?lE—‘?—‘m] BTG RN ATFHA TG
71l

o

of

o] wod =A

ok

P

[t

et

it
[o:

ofN o i miE
i
N
r_>.i BN

>
ﬂ-l

o
=
a

oo &

7594 9] DBA/1] v}-$-2~(SLC Inc. Shizoka, Japan)el]
257k o] & 3 W4 0.05 N oA EAb 4 mg/mle
Z =9l bovine CIIE 100 £g/100 p1%8 ZFFois}t
Ak vizgder ALEE DBA/IT whgZell=

— 307 —



— tiekFubE] =88] Al 151

phosphate- buffered saline (PBS; Gibco, Gaitherburg,
MD)E Fol3ts]

2.

e

Y R

il

EH9|

0k

7t

A4 FolE wpAH & type II collagen-induced ar-
thritis (CIA) +%+ CII 100 g% Complete Freund’s
Adjuvant (CFA; Arthrogen-CIA, Redmond, WA) <}
L1 (wiv) H&R2 Egste] melol] IlstFA4 slql
t}. 2%l CII 100 g= Adjuvant incomplete Freund
(IFA; DIFCO, Detroit, Michigan) ¢} 1:1 (vyv)HIEZ
Egste] Sivke]l FEE(metatarsal)oll T skF A
o, g H7He Rosoliniec Soll I3 HF A
9 A (mean arthritic index) (20)ol] 7]Fslod, zE] o]
FAR AR RRE A QFDol 3314 A4
3, FAARE ET DAL 3o A4l
At whgnie FA4% sdels Aeld el
A Al chelelA ea e Mz £ A5E
G AEAE Am, oA A e DAel A
£ Weto] FTASE Adnt

- 0%: BEolu} E4o] gk

h=4

c 1 W s I ERA—l ik AR FEI 1

<23 HERAA HZFol AH A HET
uhz)
=2 71

33 L ERANA STl AH FEE FEF
7wk

47 WHEo)| A cle| A Aol Ax] HZE3l ubdo]

=
93 BAZAH ] et A5

2 Wl GEFAS A e SAE AA

ol I R=2S vlAW FA=ZL 4% parafor-
maldehyde”} ¥£3+= PBS £lo]] P13 4TCollA] 19

ZF WXkl o ohe, Z3S 10% ethylenediamine-
tetraacetic acid (EDTA; Amresco, Solon, Ohio)”} Z3$}
2 FRge gax vlEEt @3A7 o de
Aoz iuﬂﬂ"ﬂ“% AR FAE 7 umE UL
ol &3tEhdl, AT A olo] utEAF T}
oflesle® dyaeict

4. THIE SAHE

CIA §% sFell v-S A3elolel, 39 w3

Al 4% 2008 —

< PBS £doz 23] AF F JI9|E A 22w
o]E- Cell strainer (BD Falcon, Bedford, MA)oll =3}
A Al 4°CollA 1,300 pmoZ 5E7F YA Eg
FEAE AAG v AEE FAA, AT F
83 %oﬂ.(z.%% Tris2} 0.83% NH.Clo] 1:9%
AT ALelA 2087 WHAI 3 AASIA

AA % xﬂi*° 10% $-elold*o] E3El RPMI1640
(Gibco) iAol AF-FAIH L. TAEE Eelsbr] ]
anti mouse CD4 microbead (Miltenyi biotec, Bergisch
Gladbach, Germany)®} 4°CollA] 15 B2+ uh-&A|71 =
1% BSA, 2 mM EDTA (Amresco) 7} &% PBS &
HpHTH o2 AHeidt 27
biotec)oll E3}A|# CD4" TAIE
Alzakg A719slA, TAIE
lation kit (Miltenyi biotec)2} 4°CollA] 15E7F HE-3-A]
71 oA e WHOZ columnol] A7
T TAIZE AASYY. PARNANEE 222 F

Qe oAl s e’ TAES] SRAA 5
ZA 317 S8 5,000 rad ol A WA =A AT
ek 2 W r A7HE FEIH I f =
79 B|AAZoA anti CDllc microbead (Miltenyi
biotec) & ©| &3] FAGAEE E2Istrh CDllc
"CD1Ib" FAGAEES Bkl s dollA Eal
3t A A E anti-CD1lc FITC }A|(Pharmingen,
San Diego, CA)%} anti-CD11b PerCP ¥+||(Pharmingen)
£ 93 4°CellA 15 £7F 1HgA71aL PBSE Ao &
E]——o‘ FACs Ventage (Becton Dickinson, San Diego,
L CD4" TAIES FFAA
Z} —.L 1x10° cell/well"il d3 AFEHE &%
T3 dzFe $Ed FEFY DIl EE
CD11c"CD11bY FAAAEZE 1x10* celywelld 9

€ column (Miltenyi
Aot A

+ Mouse pan T cell iso-

m1ru

<= ¥ CI 40 ng/mlo2 A=ste] 397 Fzudst
k. zelar D0 JAIAIQl  1-methyl tryptophan

(1-MT, Sigma-Aldrich, St. Louis, Mo) 200 «M& A=
A ALs7] 247 Aol H2letdt. wkEE 184
7+ Aol *H-thymidine (NEN, Boston, MA)S well%
10 cid Yol FQich wlioke] T3 AEE FHE
% Beta counter (Packard Instrument Co.,
Grove, IDZ 94 &S Sk

Downers

— 308 —



— 7193 $] : Expression of IDO by CD11b" DCs in Oral Tolerance to Type I Collagen —

o] n]Ako 2 RE] single cell suspensions THE ¥ 24
well plateol] welld 1x10°4 HolFEI 40 pg/ml CI
2 AF3AR AF3A e AEE 14X ¢
wlekslgdel. 1-MTE 200 «MH AFAE Agsl7]
2217F Aell AHelsioiel. miek FE 3 44X
Golgi Stop (Pharmingen)©.Z I A7l 5| anti-CD1lc
FITC ¥} (Pharmingen), anti CD11b PerCP &) (Phar-
mingen)E Y3l 4°CollA] 20&E7F ®WF-EA|Zith. PBSE
T+ ¥ Ao] & F Cytoperm/cytofix (pharmingen)S -
okalo] 4°CollA]l 2087+ uHokgt% o] permeabilization
solution (Pharmingen)©. 2 o]t} Anti IDO x|
£ Y3 4°CollA 3087 A7l k5 PBSE o]
Z9). AEA U dA4E IDoS A7 93
anti-rabbit IgG PE 01'21](Phalrmmgen)‘2 Y31 4°Col| 4]
3087 HES A7l & PBSE Ao Frl FAEREA

57 —e— Non-tolerized CIA
4.5+ —o— Tolerized CIA

w
w
1 1

N
N O
1 1

Arthritis index

o -
o o=~ O
1 1 1

DR PR PP ORGP RS QA

Days after immunization

7]1(FACS Calibur; Becton Dickinson, San Diego, CA)
= =4

6. S=H #l0|Z

£AE A obe w)Ak 228 OCT compound (Sakura
Finetech USA. )Oﬂ Zof A7 F HAAALZE FAEB}]
Cryostat (Lecia, Germany)< °©]-&3}o] 6~7 um 77
o] od4F el =2 AH-S Coated slideol] F-2s}9dt}.
o|AE 7 FolA 30&7 A=A F 4% paraf-
ormaldehyde solution (Sigma)el] Hol Al-2of4] 15't'L
7y A A7 ¥ pH7.4 PBSE 1587 AMolFodc}. &
A Ae AAs7] #1380 10% normal goat serum
Y geellA 3027 w-EAIFAEl Anti- CDllc
APC A (Pharmingen), anti-CD11b  FITC &
(Pharmingen)®} anti-IDO |5 Y3l 4°CollA] 184]
7F &<k HESAIZ . HEgo] Eu F anti-rabbit IgG
Cy3%x|(Pharmingen)E Yl A-2oll4] 247+ F9F
HHSAIZL % pH7.4 PBSE  30#7 AHlolFldh
Coverslip $Joll 84 2 Al(Dako

¢

o _qm

cytomation,

Non-tolerized CIA

Tolerized CIA

Fig. 1. Supression of arthritis development in tolerized CIA mice. (A) Severity of arthritis was recorded as the mean
arthritic index on a O to 4 scale according to the following criteria: 0=no edema or swelling, 1=slight edema
and erythema limited to the foot or ankle, 2=slight edema and erythema from the ankle to the tarsal bone,
3=moderate edema and erythema from the ankle to the tarsal bone, and 4=edema and erythema from the ankle
to the entire leg. The sum of the values from three legs, excluding the hind leg into which CII-incomplete
Freund’s adjuvant was injected, were determined and divided by three to obtain an average. The final value
represents the average recorded by three independent observers. The arthritis index was significantly lower in
the orally tolerized CIA mice group than those in the non-tolerized CIA mice group throughout the experiment
period. (B) Section of joint from tolerized CIA mice and non-tolerized CIA mice were stained by hematoxylin
and eosin. Tolerized CIA mice had preserved joint histology with mild inflammatory infiltrate (left), whereas
non-tolerized CIA mice had intense inflammatory infiltrates and severe bony destruction (right).
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Fig. 2. FACs analysis of DCs in splenocytes. (A) splenocytes from tolerized CIA mice and non-tolerized CIA mice
were stained with anti-mouse CD11c (FITC conjugated), anti-mouse CD11b (PerCP conjugated) antibodies and
were analyzed on FACs. The proportion of CD11c” DCs in spleen was slightly higher in tolerized CIA mice
than in non-tolerized CIA mice. (B) The proportion of CD11c*CD11b" DCs in spleen was slightly higher in
tolerized CIA mice than in non-tolerized CIA mice.

— 310 —



— 97 3|

£ FETA =71 Hol 9Arh0.85+0.075% vs
2.16+0.365%, p<0.05) (L% 2B).

FEZ0M FXIAMZ 28 crof
O|HQl THIE Z4/EHS AH|

w
dm ooy
—lJ
rE
0I=0

H
E A ukgES JAlsFAH2,248474  cpm s
1388 cpm, p<0.05) (I 3A). IDO JA|AQ]
TS Azlgleul, JA =9 Clell i3k TAIZ
Hhgo] IEEE e #EE 5 ddd
,248+74 cpm vs 4,601+472 cpm, p<0.05) (L& 3).
wet A43E f = —?—4 CD11c"CD11b" A AHA
Z7F =T L7 Ho Ciell SelAgl
TAIZS F4 vhe-g AA3] qANI = 2E #F
3+9dtl (2,089+58 cpm vs 5,004+104 cpm, p<0.05)
(2% 3B).

OIN »—a -lk
ny Z E
—_

—~
N

dAd F

o)

A Il Nil
7,000 @ Cll
I Cli+1-MT .
6,000 [ T
€
@ 5,000 T
_°E> 4,000 -
i)
€ 3,000 A
>
<
= 2,000
1,000 A
0 T 1
Tol total DC Non-tol total DC

Fig. 3. CD11c”

: Expression of IDO by CD11b" DCs in Oral Tolerance to Type 1I Collagen —

FAGATE WAZA TAZE 23 442
& A 24T AN, ATHE FETIA 2
2% CD4" TAIES AFAE FET £E BAY
FEPE) FAGAES 302 Frupelech. AT
HE FETAA HRATL CDlle’ FAGAE

CIE 3 AF¢E ol 2JuiglAl cp4'cp2s’ TA
EE B3}E 91098+ 227% vs 6.28+0.88%, p<0.05),
ol#3t Z7lE= DO AAAQl 1-MToll 23l &A%
2% 9 rH10.98+ 2.27% vs 6.25+0.85%, P<0.05) (L
2] 4A). °]%& CDllc" FA A ZEoll4 &g Dol
9J3 cp4TCD25T TAIE7F SEH PSS & 5 9ot
w3l CD1lc CD11bT FAANES CcE A A=
Pewll, HA FETol vl AL FET T
AR LG} Fz=uekellA CD4TCD25T TAE A
o] ou|A F7}=YTh(18+4.52% vs 4.8+ 0.87%, p
<0.05) (28 4B). ¥ 2 E CD1lc'CD11b" FA 4
AZE cDllc” FARAZEY o ZAEsiA Hd=
A TAIEE &#3F A F e "d3E ddAA

=
=
xS &+ U

(v2]

6,000 1 cI *

5,000
4,000
3,000 A

2,000

*H thymidine (cpm)

1,000 -

Tol CD11b+DC Non-tol CD11b+DC

DCs from tolerized CIA mice suppress Cll-induced T cell proliferation. (A) Splenic CD4™ T cells
from non-tolerized CIA mice were cultured with splenic CD11c”

DCs from non-tolerized CIA mice or tolerized

CIA mice in the presence or absence of CII (40 ug/ml) with or without pretreatment with IDO inhibitor, 1-MT.
CD11¢"DCs from tolerized CIA mice suppressed ClI-induced proliferation of ClI-reactive CD4™ T cells, which
was partly abrogated by 1-MT. Values are the mean*standard deviation from three independent experiments.
*p<0.05. (B) Splenic CD4+T cells from non - tolerized CIA mice were cultured with CD11¢*CD11b" DCs
from non-tolerized CIA or tolerized CIA mice in the presence or absence of CII (40 ug/ml). CD11b" DC from

tolerized CIA mice suppressed Cll-induced proliferation of ClI-reactive cp4”

T cells. Values are the

meantstandard deviation from three independent experiments. *p <0.05.
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Fig. 4. Antigen-specific CD4*CD25" regulatory T-cell induction by DCs. (A) For regulatory T-cell induction, isolated

CD4" T cells from spleen of tolerized CIA mice were cultured with CD11c* DCs from spleen of tolerized
and non-tolerized CIA mice in the absence or presence of CII (40 /£ g/ml) with or without IDO inhibitor, 1-MT
for 3 days. The proportion of CD47CD25™ T cells was determined using FACs. CD4"CD25" regulatory T
cells of CD11c* DCs in tolerized CIA mice increased, which was partly abrogated by 1-MT. Values are the
meanzstandard deviation from three independent experiments. *P<0.05. (B) CD4 CD25" regulatory Tcell
expression in the same method as (A). The numbers were represented CD47CD25™ cell percentage by cD11c*
and CD11b™ cells. CD4"CD25" T cells were expanded to CD11c™ CD11b* DCs of spleen from tolerized CIA
mice in the presence of CII antigen stimulation. Values are the meantstandard deviation from three independent
experiments. *p <0.05.
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Fig. 5. Expression of IDO on CD11c+CDI11b+ DCs. (A) To experiment expression of IDO in DCs of tolerized CIA

mice and non-tolerized CIA mice, splenocytes from tolerized and non-tolerized CIA mice were stained with anti
mouse CD11c (FITC conjugated), anti mouse CD11b (PerCP conjugated) and IDO (PE conjugated) antibodies
and were analyzed on FACs. IDO expression of CD11c CD11b" DCs of tolerized CIA mice increased. B)
Cryo sections of spleen from tolerized CIA mice and non-tolerized CIA mice were stained by anti mouse CD11c
(APC conjugated), anti mouse CD11b (FITC conjugated) and IDO (Cy3 conjugated) antibodies. We analyzed
it on confocal microscopy. Merged CD11lc™ CD11b" IDO™ cells increased in tolerized CIA mice.
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