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WLV (BALF) #EAT 40 M 2% 43 A7 , ELISA A5 1 BALF th INF-y T4 [TL-10 ¥ i, 520 24 6 € 1 PCR &I fifi 262 IDO AN
Foxp3 mRNA ik , S 21 4L J5 A I IDO 2R 5k, i AN AR ) Treg o5 CD4 ™ 4HAEAY 435, &5 BEmsZ/)
BRI SV BALF 240 ff S 550 g R MR A i G 1] B T4 Y 2 W] dd i T %0 B (P < 0. 01) 51 INF-y 5 TL-10 3¢ Ji . IDO
il Foxp3 1) mRNA 3k (IDO 2 (4435 \Treg (i CD4 ™ 4 1 433 W AR T X5 BRZH (P < 0. 01) ; X HEZH 5 BERiG 2H DO 5
Foxp3 ) mRNA ik £ EAHXK (r=0.819,r =0.807,P <0.05) , X% B 52hi2H IDO 13R85 Treg i CD4 ™ 4 LAY T 4
FRIEMAE(r=0.783,r=0.765,P <0.05) . &5 WENG/NR IDO Fl Foxp3 ik A%, Treg ZUmIK />, H IDO HH £ S
Treg i CD4 ™ 4R 73R S IEAIG, R IDO 5 Treg AT, FTHSREMS 2 , 5 Wiy A o
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Interaction of indoleamine 2, 3-dioxygenase and CD4 * CD25 " Foxp3 * regulatory T
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[ Abstract | Objective To explore the interaction and the role of indoleamine 2 ,3-dioxygenase (IDO)
and CD4 " CD25 " Foxp3 " regulatory T cell (Treg) in a mice model of allergic bronchial asthma. Methods
BALB/c mice were sensitized and challenged by ovalbumin ( OVA). Penh were measured to evaluate the
airway responsiveness by noninvasive lung functional instrument. Bronchoalveolar lavage cytology was analyzed.
[FN-vy, IL-4 and IL-10 in BALF were detected by enzyme-linked immunosorbent assay ( ELISA). The mRNA
expression of IDO and Foxp3 was measured by real-time fluorescence-based quantitative PCR. The protein
expression of IDO was detected by immunohistochemistry. The percentage of Treg in CD4 * cells was assessed by
flow cytometry. Results  The airway responsiveness, the total cell number, the eosinophils and IL4 in BALF
of the asthmatic group significantly increased as compared with the control group (P <0.01). The levels of
IFN-y and IL-10 in BALF, the mRNA expression of IDO and Foxp3, the protein expression of IDO, and the
percentage of Treg in CD4 * cells in the asthmatic group were significantly lower than those in the control group
(P<0.01). The mRNA expression of IDO and Foxp3 was positively correlated with each other (r =0. 819,
0.807, P <0.05). The protein expression of IDO was positively correlated with the percentage of Treg in CD4*
cells (r =0.783, 0.765, P <0.05). Conclusions IDO and Treg reciprocally regulate each other, which
surmounts immune tolerance and induces asthma. Therefore, IDO and Treg may play important roles in asthma.
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IDO) 2T LA E— AT i b €0 S BRI K IR PR i A% 47
it I A BIR T, 47 S 83K T SR AL ( DC) N B2
AN LT AN R AR DC A i A
DC(iDC) , XfT4ERp T 20 il N 21 58 A2 0 Fl A0 5 1 52 1Y
REEEAE T, CD4” CD25 " Foxp3 ™ #4514k T 41
Jii ( Treg ) & ELA G2 41 il D) 68 19 40 LA, X 47 S %)
PRBE A S0 B Tt A2 T B AR B B AR
AWFFEE T WL IDO 5 Treg 18 3¢ T4 W Wi /) B R 24
AR R TR 2 (A) Y A 560G &R DL SCTE I Wi A0
ML VE R

1 M5

L1 SE53hih

SPF 2% BALB/c /NG, WM ,6 ~ 8 JRIIA (KR RE (18 +2) ¢,
W PR BE R R 2 S g sy b, T BEDLEC T R %00 i 2 4.,
R 8 H, 4 vt HR 2 e 2
1.2 &35

3 B[ 3 5 M (ovalbumin , OVA, grade V) | Z it ' fH B
(Mch) 2 Sigma 23 w) 7™ i, SAAALER[ ATCOH) 3 JBERE A Thermo
N}, Trizol 2 Gibeo 23 77 i, ¢ R AR ic BB/ BT 1K
fFEBLL R 1 (PE) FRic iy CD25 | 5 i U3 (FITC) FRic Y
CD4 \PE-CY5. 5 $Rict 1) Foxp3  [E /0% IR 5] . 25 H 5% iz 171 1 )
AN eBioscience 24 i, 4T B DO F 5w LA
it HRP-IgG 4 Santa Cruz 23 &) 7= i, Rever Tre Ace-a-iifi % 5%
A& TOYOBO 24wl 7 i
1.3 eeg A e My s
131 i SEIR%E 0.7 14 R IR T 5 B, e i 2H 4 1K
257 100 pg OVA +100 pL PBS +100 pL Al(OH) iR &, ¥
BRZH 457 100 WL PBS +100 wL AI(OH),,

1.3.2 ¥k TESCIRSE 21 ~27 K%L 7 d Ak, BERG 4L 45
F 1 wg/pL OVA-PBS %M & , 1 /d, ¥k 30 min, %} B8 21 JT1
PBS ft#& OVA,

1.4 &R MR E

KIREK G 24 h, /N ICANIG T RE RN 2 4k B Mch &
J5 R MR ] B (Penh) , Mch ¥ BE 4 vk 7 0. 78 1. 56 3. 125 .
6.25.12.5.25 .50 mg/ ml, D 2E BHER /K (NS) A Penh Jy B i,
Mch % % %) Penh/NS % 1Y) Penh x 100% L), Penh% 2/~ ,/E N
S R I AR AR
1.5 BALF Zmfgst3k 4% A& ELISA x4 INF-y |

IL4 IL-10 & &

RIREK G 48 h, AbsE/INER, M EM [ 2 , R <, T8
BT AUE R AR, B0 PBS 0.5 mL, k4 4k, il ¢l
o BL, TIIE RS 20 wL A0S, BRI R, TR R
RE-PLLYe 0% AT N AT AN 325715 2 10 ELASA 3K
F) U B A T R ) A B R

1.6 at K22 PCR #&n Af2a 42 IDO #= Foxp3 #9
mRNA & %

Bt 2H 2R 59 9K, Trizol VA4l 42 8 mRNA 336 4% 53 I b7 i) &
cDNA, WK 2 Hy 20 wl, Wi 4k :42 C—10 min—30 C—
20 min—99 C—5 min—4 C—5 min, DA cDNA i # Ay 3 47
IDO  Foxp3 Fl GAPDH mRNA i PCR ¥#%, 514 h & 5i 4 Wi
O G, P AR IDO: Bl 5'-GCCAGACAGATATATGCG-
GAGAA-3', F i 5'-AAGGCACTGCACGACATAGCTAC-3' ; Foxp3 ;
% 5'-GGTGGAGGCGGGACTGAGT-3', F % 5'-TCCCCCTTT-
TCCACTACTCTATG-3'; GAPDH: [ jif 5'-ACCCATCACCATCT-
TCCAGGAG-3', F i 5 -GAAGGGGCGGAGATGATGAC-3' , ) Jif
Z K 20 pL, IV & F: 94 C—5 min— (94 C—30 s—
57 C—30 s—72 C—30 s) x45—72 C—10 min, HHEHRHER
LITEH Cofi, 54 H N2 GAPDH (1 Ct AR 1E )5, £33 IDO
1 Foxp3 1) mRNA FHXT #2615k
1.7 SIR B840 F 7 kAl A 2028 DO & & &k

B ZH 2, 10% P P ] 2 48 b TEIRE MUK, 4 s 3
YA, MAEHLEL IDO(1:200) ,4 CHFE LK, FHi e HRP-
IgG,DAB i {5, # 5k U] BEALERE 10 S HLEF, A Image-Pro
Plus 6. 0 QAT ER AT A2 B R0 19 Y06 2% B2, FA AR R
LRSIy € a8
1.8 AR mEpEn Treg & CD4 ¥ g fene & o %

FTIFIE B JC T IO, PBS Wk, B 5 J5 200 H 9 19 22 3%, &1
S i 22 fi ik 2L A% 21 48 S, S A anti-CD4-FITC , anti-CD25-PE,
4 °C HIEIFE 30 ming PEU S A BT B L 04 /i
4 °C HEEIEE 45 min; PE 2 WG A anti-Foxp3-PE-cy5. 5,
4 °C #EMEE 30 min, PSS H AN, LHLINE .
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2.2 BALF @it B 4 %

5%F B LB, BN 4] BALF R %k A ok 40 g bk 2 40
JHL B TR A0 L 43 2 B b 4 X S B A (P < 0.01) L
%%10

R1 2 4A/NR BALF REBHMS KT BEIEN( x10°/ mL,n=8)

PYERAIAE WA ERAN R TEAN

Y5 2l 2 %
AR (%) (%) (%)

XMEZH 1.62+0.71 3.21+0.97 5.56+1.87 90.87 +11.16 0.34 +0.05
BmEgH 8.16 +£2.57 10.60 +£2.81 19.00 £4.39 37.44 +6.51 33.18 +6.67

2.3 ELISA # BALF % INF-y IL4 IL-10 k&
50 R A, W 41 BALE Hp INF-y A1 IL-10 9 2 A,
7 T4 YR B2 T, B4 B 2E 5 (P <0.01) . WL 2,

%2 248/ BALF th INF-y IL-4 #1 IL-10 B9iRE (n=8,% +5)

2H 51 INF-y(pg/mL) IL4(ng/L) 1L-10( pg/mL)
X B R 332.08 +8.95 207.42 £7.18 151.99 +6. 13
AT 252.79 +8.36 272.46 +8.70 121.24 +5.85

2.4 HkE = PCR AN A48 4% IDO F= Foxp3 49 mR-
NA £k

I s 2 RN RRZE A ZH 28 IDO mRNA ACt {54354 (5. 93 +
0.23) F1(4.45 0. 17) FHXFFKiEHE R 1:0.35(P <0.01) ; BEH
ZH T BEZH il 2H 27 Foxp3 mRNA ACt {53517 (3. 54 0. 18) Fl
(2.15 0. 14)  fAXF KGR 1:0.38(P <0.01)
2.5 S afem iz IDO 4 7E G Ak

VISP B0 e S e Al 1/ BUI 26 2 v IDO 7248 1K
IR, B 2 D (118, 43 +£12.38) , X A 2y (279. 93 +
30.24) |\ EREFHIHFEL(P<0.01,E2),
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Rk (S-P x200)
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5 o
o
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g = E
10° : : VRS ey —-rrey
10° 100 102 10° 10 10° 100 10> 10° 10
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0 10°4 E]og
S S
10'4 2103 3
OO r © 100- >'|‘ T @
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3 AR 2 AN Treg (5 CD4* MR E 5 LR

2.7 MESWER
4 IE % 41 IDO 55 Foxp3 ) mRNA FIEERE 2 IDO 5 Foxp3
i) mRNA ({3235 73 B HEFTAE G504, r 6439024 0. 819 F1 0. 807
(P<0.05) 377 IDO 5 FOXP3 [y mRNA 2 k7K 2 E M.
G IE R HPERGZH Y 1DO B3R358 Treg $i 43 H A7 4H ¢
ST r (B4 Bk 0. 783 F10.765( P <0.05) , 3775 IDO %5 (4%
ik 5 Treg B R IEMAHL KR,

3 W
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BB P RE 2 S U I KA W iR s RS IR
OB AE R A SR TR i S BE it 32 ML Treg 2%
ZUEM, Foxp3 & Treg F¢ ML bR S, KK Treg
DR YIAR O o ABR ST v, I N 4L 40 2 Foxp3
mRNA Fik B, F A0 A I Treg 7 CD4 ™ 20 i 1)
TR RS> FC S DB PR A A 1 0 i TR TL-10 3 32
%, - H. Thl 4050 W58 TFN-y %5/, Th2 4y
WAL TLA PSRN, $ 7 /I B fh e S P o SR
PUIGFR R CD4 ™ T 4 1) Th2 20 il f B , TS 2 il
Treg fi#s , 72 Treg Bl /b . SR i 2/ RS
A8 5 B WA T iR, BALE A 40 i G 50 K ok 2
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e RS BUE R S E CD4T T 40 i AS 7] Treg
TWF% , T3 Treg B/l , G2 T DI REVR S5 , S BE i
ZHG, NG Thl DN, Th ThRETT ik, <l
RN, AR I RAE SN, S A R 2

H AT, CTLA4 W] BE/EHLIARSN & T 4 it 32 11
FEYSHITF XK. Fih CTLA4 [ Treg 53 1 S e i 52
BT IDO A AR5 (o s B i 0 s T 40 2
b 35, T80T AR VE R SCBY s H IDO fitfk g3
it CE SR I = Pl T P [ S L R T 4 345, 7%
ST AT, NI BR IS AL B R AR S T 40 e
e, BeAh HIll 5 BESE R IDO Al REE S T 41
ffL ] Treg AAE ALK BAZETE AL BT Treg 4

AL B, B2/ U 4L 2 Treg 5 5744
) Foxp3 mRNA & ik BEAIG, 7 =X 40 M AL DU Treg (&
CDA ™ 2 J 4 7 435808020, Treg 436 1) 300 ) 14 48 i R
IL-10 7K REAG, [R] B & BLAT 41 27 IDO ) mRNA Fil &
BRI ST R, Foxp3 ) mRNA ik 7k
75 IDO ) mRNA A7k 2 1] 2 IEAH G, IDO [y 8
FI#BK T Treg AR Z A1 2 IEAH G, b3
ATTAT LAHED , fH T Treg DOREISS , BUm IR, Frifs T 1
IDO Fik & F [, [ B i F IDO ik &AL, CTLA4
FRWAL, AREE T T M ] Treg 40 i 50 b B34 16
1k, T3 Treg Ha E— 08/, i LB IE R . I
2, 30 3 0 A TR AL 1 G T S2 g T, 380Ul
SR I , A AR R P ARAE N, 5 e A

IFN-y K IFN 3875 B+ 1 (IRF1) J& 8405 D0 1 3
AN T, 7] 9E IDO #ik;1L4 1L-6 il TGF-B
AR IDO fRIKT o ASHFSE A B4 IFN-y % JiE
DTG, TL4 e BE B8 0, fifi 2020 IDO ) mRNA %3k Fil &
M IRFEAG, $278 TFN-y FIR AL, IL4 Rk T, vl
FHIDO Fik AL,

25 BRTIR, IDO 5 Treg Z [AIAFAE— AN 15 FR 2,
PR b S U, DC 4R PR, P e 54
CD4" T 4l i N 7] Treg i # , Treg %5 2 yok /0> 1 2 E Uik

B

55,4 DC 35 IDO, IDO A REid i B A (0 IR 175
XFANIEPED I A S BE i 52 5 10 H. IDO {9238 T i, 3
MHILHE T 20H 1R Treg 200 4L ; [ 1 T Thl Zhhg
WS, Th2 T RE T HE, Ho 70 Wb A 40 i A 7 TFN-y 25 9
T4 SR, HE— 2R IDO 3k, I Ff S 454 ]
IR BRI SZ SR ATE i, 24T I8 DC 2 R4
5 1E T A IE Th2 S i s , I RO PRSI, 22 1
PEIRENN TR, S 8 Wi A o 30K g o 88 i 9 3 K2
HLH A 2N TE
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