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[ Abstract] Background Researches showed that CD4"CD25" natural regulatory T cells (nTregs) play an
important role in maintaining peripheral immune tolerance, while immunotherapy using in vitro-expanded induced
regulatory T cells (iTregs) suppresses allograft rejection in multiple organ transplantation. The inducing method of

iTregs still needs to be optimized. Furthermore ,the effect of iTregs on grafts of keratoplasty is unclear. ~ Objective
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This study was to investigate the inducing and expansion method of iTregs and explore its inhibitory effects on corneal
allograft rejection. Methods Bone marrow-derived dendritic cells (BMDCs) were isolated from C57BL/6 mice
femora and cultured. CD4* CD25" T cells and CD4"CD25™ T cells were isolated from mouse spleen and separated
using flow cytometry. The CD4"CD25™ T cells were divided into negative control group (CD4"CD25™ T cells) , CD3/
28 antibody bead group (CD4°CD25™ T cells+CD3/28 antibody bead) ,2. 5 ng/ml transforming growth factor ( TGF) -
B, induced group and 10.0 ng/ml TGF-B, induced group. The iTregs was formed after induction of different
concentrations of TGF-B, and CD3/CD28 antibody bead (1:1).CD3/CD28 antibody bead (1:2) ,interleukin-2 ( IL-
2) and TGF-B, were used to expand iTregs. The phenotype and proliferation of iTregs were assayed by flow cytometry,
and the inhibitory effect of iTregs on effector T cells (Teffs) was analyzed by mixed lymphocyte reaction. Allogenic
keratoplasty model (C57BL/6—BALB/c) was build,and 0. 1 ml iTregs or nTregs suspension or PBS was injected via
posterior venous plexus of fellow eyes to assess the graft survival time. The use and care of the mice followed the
ARVO statement. Results The CD4°CD25" T cell proportions were (6+3)% ,(91+4)% ,(91+3)% and (86%
6)% in the negative control group,CD3/CD28 antibody bead group, 2.5 ng/ml TGF-B,induced group and 10. 0 ng/ml
TGF-B,induced group, showing significant increases in the CD3/CD28 antibody bead group, 2.5 ng/ml TGF-B,
induced group and 10. 0 ng/ml TGF-B,induced group compared with the negative control group (all at P<0.01). The
Foxp3™ T cell proportions of the CD3/CD28 antibody bead group,2.5 ng/ml TGF-B, induced group and 10. 0 ng/ml
TGF-B,induced group were (1.18+0.20)% ,(8.70+1.80)% and (21.80+3.36) % ,showing significant increases
in the 2.5 ng/ml TGF-B, induced group and 10.0 ng/ml TGF-B, induced group compared with the CD3/CD28
antibody bead group (both at P<0.01). Compared with the nTregs, the expression of CD69 was lower, and the
expressions of PD-1 and Foxp3 were raised in the iTregs (all at P<0.01). The proliferation of Teffs were decreased
when cocultured with iTregs in comparison with nTregs at 1:1,1:2,1:4,1:8,1:16 Tregs/Teffs rations (all at P<
0.01). The survival time of mouse corneal grafts was 4 weeks with the permanent tolerance of 50% in the iTregs
injected group,which was superior to the 3 weeks survival time and 17% permanent tolerance in the nTregs injected
group( P<0.05). Conclusions TGF-B, can induce CD4"CD25™ T cells to form iTregs, which highly express
Foxp3. iTregs show a stronger inhibitory effect on the growth of lymphocytes than nTregs, and therefore suppress the
graft rejection after keratoplasty.
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transplantation/therapy; Immune tolerance; Disease model, animal; Mice

- 897 -

MREZRPEE R 2 —, 5B MR
AE BT EEANRYT TR R A A E A
PERCOR TR AL, (E 5] B S5 A B 95 1R e 2 AT 98 S £ I %
A 2R W ) 32 R R A Ok AR A IR AR S i 92
J¥ SO, 38 B0 A A 7 R I AE TG JE o B, M T
4 (regulatory T cells, Tregs ) J& — 28 H A7 S 52 1 1] i
FAE R 40 B Pk, R B CDATCD25™, H AR 5 e A
¥R Foxp3, Horp B4R 55 M T 40 ifg ( natural Tregs,
nTregs ) TEZERF A1 Ji] fo 2 Tif 52 Ko I B 5 982 V- 5 Jy 10
PR AR T, WA SN R Y E S P Tregs
(induced Tregs,iTregs ) W& 3] il 52 #15F 4K nTregs i 1E
o Zw T 40 (effector T cells, Teffs ) & —2K H A 5
RETE ] 98 45 VE 09 40 M S K, 3R By CD4" CD257,
Tregs 15 Teffs [ ) F- 5 b T T By #1455 1) 9 B S 5 1k 9
o 1) A A R A e B OCH BE AF ST W, 8% BALB/c /)
BRI Y CD4"TCD25™ T 40 ffd 7 5% 3] BALB/c JC i fii
BREUA M AT SRR E A B bR, R WA
Je I T 2 2 i i ok JR B nTregs 7 W 45 3l ) AN S
o 32 e AR . 25T L UESE , Tregs KM

] 2% 3K M98 IR BE [F F (tumor necrosis factor, TNF ) &%
P, IF F B A MG TR AT Th AR . AT H B
PRSI Y BRAE T3 1 0 A2 R BR A B Teffs, T 2 9 /b H
2 AR S, T R i PR A AZ M T 40 M, B E
S5 Y 1 Tregs 41U 4 it , 1Y Tregs Hl Teffs 22 [
(V. 2805 NS 59815 Tregs Fl Telfs 2 1] 11 F
i, 41 CD3 ,CD4 F1 CD4OL ¥ ¥ B 0 1A 35 77 7T LA i 2>
PUJE AR S v T A0 A Y B i TS B2 Tregs , M TTT 3% |
Tregs i 32 F 19 4 IR 745 5 Akt-mTOR 38 38 0 4 37 75 i
7 AN Tregs 1 Foxp3 B3 41K 1 % 2 BE S
MRt R R A AT IE Foxp3 (9 £ BE AL, M T i ik
Foxp3" Tregs Wy 34 ; H B A £ B )y ik 0l L2 i
iTregs LIVGRYY H B S PR B i S0 2R 1R 5 i A% A
M2 AP T o AT R iTregs 1915 3 i 2 2
Xof Bl £ AL ABLHE e B2 7 836 97 A L S 4 B 97 125 A i
PR = £ 107 i Ak S S AR 4l

1 #MREFE
1.1 bRt



. 898 - SIS IR B4R AR 2015 4E 10 H %6 33 %5 10 ] Chin J Exp Ophthalmol, October 2015, Vol. 33, No. 10

1.1.1 s£53h%  SPF 2% 6 ~ 8 JEk i BALB/c Hil
CSTBL/6 /R, th I T 5T Be St i o 9230 sl 4y i) £l
PSR EAE ARVO 75 B ABIEFE 28 o #R BE B R 2 52 56
ShPie P 57 2 AL
1.1.2 F 80 AR 1640 B 3%k (35 E Gibeo
] ) s B BL CD4-APC ( RM4-5) | CD25-PerCP-Cy5. 5
(PC61.5) . Foxp3-FITC ( FJK-16s ) . CD69-PE ( MEL-14) .
CD621-PE( H1.2F3) . CD127-PE ( ATR34) i 14 ( 2 [
eBioscience 2\ &) ) ;CD4" CD25" 41 g 43 3% i 7 & (72 [
Miltenyi Biotec 2 & ) ; $it Bl CD3/28 Hi k& ¥k (£ H
Invitrogen 23 &l ) 3 B H 4 i 4 #E -2 (interleukin-2 , IL-2) |
N 4 K F-B, (transforming growth factor-B,,
TGF-B,) Bl TNF-o BURL — B I 20 g 4 7% 0 B 7
( granulocyte-macrophage colony-stimulating factor, GM-
CSF) Bl IL-4 (SE[E Peprotech 22 w] ) o It A4 A3 (5
BD A7) ;Flowjo 7.6. 1 #AF (FIEEK Tree Star 24H] ) .
1.2 Jiik
1.2.1  CSTBL/6 /]y B i B Y50 R 5 R 200 M 1) 35 5
To AT RR I SUE I F1 3% 4 58 BALB/ ¢ /N EL, 3
BN BUBCE AR, 2 ml T g BT Sk 287 B v, PBS i
VEE R, A R R, 200 [ U8 40 0 R R 4 i
22 1x10°/ml, A & AR BUT 80 20% Jif 4 1L ¥ ( fetal
bovine serum,FBS) .10 ng/ml GM-CSF #1 10 ng/ml IL-4
() 1640 F5 3R, H M T 24 fLA . PR H H0M, 2 BR g
20D, G RE 20 B RIS R R R IR A B 20K 40 ( bone
marrow-derived dendritic cells, BMDCs) , T3 3 )5 7 d
WATREFR ML, 5 BMDCs, fil A 10 ng/ml [ TNF-o 4k
g% 24 h AR SEAN M R . AR A T AR
1.2.2 CD4"CD25" T #HJfg#l CD4"CD25" T 4 Jifg 7 ok
JC T #RAE T R W O S9UHE I F1 75 2L FE BALB/c /R,
Pl /IS BRI, AR S 2000 H i R0 3o U 2 iR CD4T
CD25" T 20 Jid 53 3k a0 570 & 48/ U5 BT 45 10 07 125 0
CD4"CD25" T 4fi Jftd ( B nTregs) il CD4"CD25™ T 4 i,
1.2.3 {RHMFEF iTregs MUZERL  WUBT 73 B9 Y CD4”
CD25™ T 40 L, ¥ 5 40 Jfg 2% B2 4 1 x 10°/ml, Jin A 3%
20% FBS [ 1640 153+, I A$i L CD3/28 $iik ek,
o 20 L AP R 1 B & H S 101, 4 Dy CD3/28 ik
PREH ; S22 AE CD3/28 B i B 4 KLl b+ 43 51 A
2.5 ng/ml TGF-B, %1 10. 0 ng/ml TGF-B, ; L) 84l CD4"
CD25™ T 2 A S P XS B BT 96 FLAR , 5 57 48 h,
1.2.4  iTregs MIRANY 34 B iTregs, 31503 )7 3 40
Ja %% Bk 1x10°/ml, I AL Bl CD3/28 Fiik Bk , 40 g A1
PUMRER W iR Z L 122, A1 000 TU/ml (7 iy B
£i7) BUIL-2 & i v Bl 2.5 ng/ml f A TGF-B, .,

Fe A Fh T 96 fLth, TREFRIG 7 d AR
1.2.5 U 40 M AR U Tregs Hf 4% PR3~ FH P 20 g LE
il HC iTregs #1T Foxp3 ,CD25 ;| . HL nTregs Fll {4
AhY 38 ) iTregs 14T Foxp3 . CD62L ., CD69 , PD-1  PD-
L1.CD152, CD154 , annexin-V , CD127 F1 CD25 £,
YA Mk 9 100 pul, ) 41 i 24 13 55 1 10°/ml, 42 JR 3k
FVER AT UL BT R AT A0 M SR T e (A N e SEEG R
3 W PR E
1.2.6 AR BT iTregs X Teffs 34 A= Ay 410 il
RES)  BUBTESr By CDATCD25™ T 4l fF 2k Teffs, i
AN LN 5x10" ~7x10"/ml 2 5% FBS ) PBS
AR HE 520 28 G R ER B 1 I I K i ( carboxyl
fluorescein diacetate succinimide ester, CFSE)0. 1 pl, it
HIRAS), BT 37 CIRAE T IFE 5 min, W5 IK,600xg
B0 5 min, W 2 £ 4y CFSE, PBS 7% &Y% 5 min, 31 3
Ko VR EE AR % B Ol 5% 107 /ml, 8 iR /) B BMDCs
5 Teffs # 1: 1R 4, 30 A & 20% FBS ) 1640 B 37
Wb A Sy ok B 5 S 0 20 A 6 BRZH A B Ailt | 230 A
nTregs FIAR SN 14 5 ) iTregs , fii Tregs F11 Teffs & 2
B 53 121 .1:2.1:4.1:8.1:16 1 1:32, A A
AT 3 MREA . B FRJE 72 b, i 240 AR I X g
2 NS [ B 91 52 36 26 vp Teffs 59 %¢ 650 B, I35 40 i
FEA R R AR (% )= [ O BREL 9608 i - S
AR T ) /X B G o B | x100% , 524 A 3
U B2 18
1.2.7 N BB S 30 Hai R
BALB/ ¢ /INBUME by 2 1, IO MR ) 4 B 422, 0 mm £ i
FEIR 15 H CSTBL/6 /N RUVE A4, il 4E B A2 2.5 mm
FOMEAE -, 1 11-0 SEZ0R A 5 08 K (0] B 4E 5 8 41
1.2.8 nTregs FASMY" 1Y iTregs B W TE I /5 /N BL A
R B LEAR o T A R R 4 PR BB AL R 7 R 1 00
nTregs 7 GF 20 . iTregs 7£ G ZH F1 PBS 2, & 2H 5 HIR,
ZIN Bl ) o S A ) TS A R I >4 R AR B0 3 L 28 /0 BSLRS)
MR B 8 KA 3 S FE 5T 0. 1 ml nTregs RSP iTregs
BV PBS, 21 B R A 4B 1x10°/ml, AR5 A
SEBAT WA T WS 2 Ik, AR 8 T i REA Y
TR AT IE A3 :0 2 MR EE BT 1 43 IR M H AT 4y
Pru BESCBE 52 g3 o1 o3 PR RS0 53 43 < A5 Al DL i
D 34 3 TCRE O BRI D755 b RSSO IE W] . AR
KT B T 2> =2 g0 OB R HEFRe , 20 B
H A AR R AAE IS ], oA 2 IR,
1.3 Geitsorik

KM SPSS 13.0 Ge it A At A7 g it o Mo ABE
FE M HE b ) B BE R 22 K-S K 90 34 5 R A 4 A, LA



A S B R R 2% 75 2015 4F 10 H 45 33 445 10 ] Chin J Exp Ophthalmol , October 2015, Vol. 33, No. 10 . 899 .

xis FoR, 4L B EZL Levene K56 )7 25 55, 45 41 ]
TGF-BIBT?EFE CD4"CD25™ T 4H iy FE35 CD25" T 4 ity
FU A3 11 22 57 B2 4% 4 Foxp3 ™ 4l f Lb 1] Lb 45 R JH B0 ) 3%
J5 25781, 2 LR A LSD-1 K 50 5 (R A4 1 iTregs
55 nTregs [A] 40 it 26 i 43 T &3k 1 25 57 R H X Teffs 34
A PR 25 5 LU BRI ST RE AR K86 . R FH R
AT K 3 K #E a=0. 05, %] Kaplan-Meier £ 77
i 2 43 A1 /0y BRI S Ak A RS A R IS AR S 97 1 iTregs
Y nTregs XA R AE A7 11 % W) o

2 H#R

2.1 HBAKINES iTregs 40 CD4"CD25" T 4ii Jfd L ] (1)
Lo 8%

i X 4 AR T 25 S R BT & 4 B D4
CD25" T 21 i ( B4 % R4 ) th CD4TCD25" T 4i Jifd i1
Fefol 2 (6+3)% , CD3/28 Hi KBk 4H 1y (91 +4) % ,
2.5ng/ml TGF-B, S H N (91£3)%,10.0 ng/ml
TGF-B, 7574 K (86+6) % , & AL A AR L 2 2% 5 A7 ¢
P12 X (P<0.01) , H.vhp CD3/28 Hifk 2k 4] 2.5 ng/ml
TGF-B, 1% 5 41 Al 10.0 ng/ml TGF-B, i & 41 CD4"
CD25" T 4 M Lk 451 WY b & T B XT BR AL, 22 5 3 42
T8 X (# P<0.01), CD3/28 $ifkZk4] 2.5 ng/ml
TGF-B, 55 40 A1 10. 0 ng/ml TGF-B, % S 41 [i] CD4"
CD25" T 4 fifg bb 9] ) b4, 22 3 LG it 2F X (3
P>0.05) (&l 1),

2.2 HAKHMNES iTregs 4 Foxp3™ T 4L Lb 6 Y b 48

CD3/28 HUIRERZH Foxp3™ T 4 Ml i) He 1] Ky (1. 18+
0.20) % ,2.5 ng/ml TGF-B, 5541 M (8.70+1.80) % ,
10. 0 ng/ml TGF-B, % 541 J (21.80+3.36) % ,3 41
FoR LR 2Z R ASIP¥E L (P<0.01), Hi
2.5 ng/ml TGF-B,1% 541 F1 10. 0 ng/ml TGF-B, % S 41
Foxp3™ T 2 il [t 4] 34 W] & =5 T CD3/28 Hii ik k4, H.
10. 0 ng/ml TGF-B,i% 5 40 Foxp3™ 40 g Hb ) ¥ W] & 7%
F 2.5 ng/ml TGF-B,iE T4, ZR WA G IT#E L (1
P<0.01) ([ 2),
2.3 IRANY G iTregs Fl nTregs 4% [K 7 PH 4 41 i
Eb A7 1) B 35

RSN 11 iTregs T CD69™ T 2 Jfd Lt f41] B e (1% T
nTregs,PD-1" Foxp3* il CD25* T 40} L FI 35 ¥ 8.5 T
25 S A e it 2 L (B P<0.01) s (KA 1
B iTregs A1 nTregs H CD62L", CD152", CD127",
CD154" .PD-L1°  annexin-V" T 40 g Lk ] L3¢, 22 % 15
TGt B L (¥ P>0.05) (K1 3),
2.4  Tregs X Teffs 144 %

AME S T 4055 37 R W], Bl Tregs LU 49 1) 1
i, Teffs (R0 il 2E B @3 s 76 1:1.1:2.1:4 . 1:8L)4
J 1216 Tregs/Teffs L i 55 4~ , (K S 7 14 iTregs X
Teffs [ 2 Jf 35 A= 410 ] 22 W] 1 &5 T nTregs, 22 R A S
T E (¥ P<0.01) (K 4),

nTregs,

[EkEapiist HLCD3/28 2.5 ng/ml TGF-B,  10.0 ng/ml TGF-B,

« 150r

97% 6% 91% 91% 86% =

g : = 100f i A

o 50F

3

(A JJ (B
SEN0)
»

> CDh4

1 2 3 4

1 &{ESMES iTregs 4 CD25* T ABELGIRIEL B A W4 Mo CD4* CD25™ T 40 753t CD3/28 HiudkEk 2. 5 ng/ml TGF-B, 1 10. 0 ng/ml
TGF-B, Hil## T ik CD4*CD25* T 40y Ll B: 4418 CD25" T 4l i Lb Bl i b 5 I % BR 4 L 4%, P<0. O1 ( A O 2% 43 7, LSD-t 44

B,n=3)
$t CD3/28

1: BT IR 2 52 . CD3/28 HiiRBE 4] 53 :2. 5 ng/ml TGF-B, i 540 ;4:10. 0 ng/ml TGF-B, %341 SSC Al [ £ B4t ; TGF . % Ak A= K I F
2.5 ng/ml TGF-B,

1.2% 8.7%

e

i

et

—» (D25

T

»

—p» CD4 > Foxp3

10.0 ng/ml TGF-B, 30F

22% =

© § 20
g

10
&
(A] =

0

B2 F@IMES iTregs 48 Foxp3® T AL BIRILEE: Ay =X 40 MUK I CD4* CD25" T 4l i fE CD3/28 Hi {2k \2. 5 ng/ml TGF-B, Al 10. 0 ng/ml
TGF-B, 5 /5 Foxp3™ T AMILL G B: 4541 Foxp3™ AN LL GRS LB 5 CD3/28 HiLiABR4L b4, " P<0. 01; 5 2.5 ng/ml TGF-B, i T4l L4, " P<0. 01

(BRI ZJ7 22507, LSD-t 45 45 ,n=3)

1:CD3/28 Hifk B4 ;2:2. 5 ng/ml TCF-B, % 54 ;3:10. 0 ng/ml TGF-B, ¥ 41 TCF .54k kK H T



. 900 - SIS IR B4R AR 2015 4E 10 H %6 33 %5 10 ] Chin J Exp Ophthalmol, October 2015, Vol. 33, No. 10

100 3 nTregs a
= B iTregs a
s 801
E % 60
= =
= 401
= LN -
—» CDO62L = 20 @
0
N 1 2 3 4 5 6 7 8 9 10
/ M.‘\
\ B3 fRMIER iTregs RREE FRIEFR
\‘ A A0SO B nTregs IR 4h 51 iTregs o 4%
@ FI00 P F FHPE A0 M L 5] B nTregs A& Sh ™ 3%
iTregs H1 2% K0 B 7 ML A0 ML b Bl iy Lk 88 &5
» PD-1 — > Dl —PCD25  —m4m8p Foxp3 —— annexin-V nTregs b %:," P <0.01 1. CD62L; 2. CD69; 3

CD152;4.CD127;5.CD154;6:PD-1;7:PD-L1;8:Foxp3;9:annexin-V;10:

—» Of Max

> CFSE
B4 {fRShy1EE0 Tregs IIHIBE S A0 =X 404K I CD47CD25™ T 4 iy CFSE AR BE R iTregs (K (0,) ,nTregs (4R ) , T B4 (5:48) B:

AT Tregs/Teffs Lo Bl 4% 1 F nTregs A {ASN" 3T iTregs X Teffs 43 R A L AL

CD25 nTregs: F AR VHAT P T 41 ; iTregs . 35 S U8 150 T 41 i

80 & Tregs

-8 nTregs

60 -

40

Teffs 7352 (%)

20

1:1 1:2 1:4 1:8 1:16 1:32 0:1
Tregs/Teffs HR

iTregs 2 X Teffs )41 K 2 B & & F nTregs 41 (5 nTregs 48, P<

0.01) (Fhar #EAS ¢ K550 )  CFSE: JRILTEE R TN IR Eh BF FAME W e B s Teffs : 0N T 21 L 5 iTregs : 15 5 15 4 T 40 s nTregs: [ 484735 4 T 40

2.5 Tregs )5 BALB/c /)N BUMI AR - B A A7 20 B

PBS 41/ LR 5 AR 7 77 35 1 18] 2 2. 8 J], K A
i 52 5 20% ;nTregs 11 41/ BRUIR A A 77456 B 1]
38 R A 32 % 15 17% 5iTregs i 5F 41/ BUR KT A7
I E 4 J8, K AT % & d 50% . iTregs S 41
nTregs 7155 41H PBS 21 /)N BUFA IBAE J7 1) A A A8 LU 2
FAGITFEBE X (P=0.041) , H i iTregs 1 5 4 A1 i
R A A7 I 18] B 4, A A 3 d ey, A A 2B A ) 1) I
T nTregs {:HT4LFI PBS 41, 22 R ¥4 GE i3 5 L (1
P<0.05) , 1 nTregs {14 415 PBS 4[] lL 4 25 5 L 4¢
AR (P>0.05) (&5) .

1
00 l - iTregs 41
—!—nTregst_
= » @ rBs4
& s50F |
g
=
B oast
 ; : ]
0 1 1 1 1
0 2 4 6 8
uJE

BS5 SANRABEBEREEREGEHZ DN iTregs FEH 4.
WTvegs Y511 PBS 401/ B AR IR P 1024 77 126 b 4 2% 545 6312
FE X (P=0.041) ,Hr iTregs {4 4 4 F A= A7 i (8] B @ K< F nTregs
TEHFZH A PBS 20 (P<0.05) 51l nTregs 14140 5 PBS 4 5] 2 % L4
2% 2 X (P>0.05) (Kaplan-Meier 23 #ff,n=5)  iTregs: i/5 5 4 ¥ ¥4
T 408 ;nTregs: H AR IR 154 T 40 L

3 g

W[ F ] Tregs 75 5 ¥ A8 W) TS 52 1) () I 77 AS 4100 11
TE B P 2R G0 X AR Sl A W0 8 S 8 S I a2 Tregs 1697
G OB o Tregs A 7 IE# NS 1L CD4™ T 46 iy Y
5% ~10% , 4 B A9 4 50 i 043 19 X B2 0 2 i DR 1oz )
) — KRR o T Tregs X B I 3 9 JE 5 11
P, 1 B e IR ] A A R e A )
HHT AR Z AN 40 T Al R Sh 515 Tregs , L K2 3 H]
Tregs 15 5246 /1N BB A0 50 1 200 A 1k o g 0 2 B
BRI op I RAT R AT A RO . Tregs 72415
FI B o 8 5 25 RS A8 ) ok 32 b 9 VR AT A AR B2 1)
Ao HAT, F B AR Tregs 41 5 G 5 410 il 19 AL ) 2
WS T ANMLAG JC R e AL Yk Tt 32 0 422 10
Teffs {57 Jorh  th Ye ki 52 S 45 Tregs i 3 15
Hoflh Tregs BT 18K e #EAF ,  Je I T AH 5C 450 38k 1
WFFE IR

XF T AR RS A G 8 HE R S, B2 TN B 27 U 2 il
BOPE T 408 1 A 5 00 1) 42 470 Dt 350 0 g, 4 o s 2
CD4™ T 4 Jfl 2 35 3] i & % MM 7 A7 36 1Y QB
Ikemoto %m%ﬁ%\ﬁﬂ? , 1T Ak FEFS nTregs 7] LIS
A AR R B A5 o AR WE5E b 45 2R W7, nTregs
5505 BEEH e BT AN B B2 R A8 i 9 423 32, 40 i FL T e



A S IR B 4 7 2015 4F 10 A 45 33 #4545 10 3 Chin J Exp Ophthalmol, October 2015, Vol. 33 | No. 10 . 901 -

B T nTregs X HT 50 T NPk, 55— 1, AWF5E T
HARUESE T nTregs 764 4N 3 g 7, {7 2 [5) A 0 %%
F| nTregs H' Foxp3 FikH L, Foxp3 W E XKL Y
Tregs [ T Be % U) AH 3¢, A 0F 55 b il | TGF-B, 5 &
Tregs AN 1S, — Jr T 4ERF T Foxp3 Fik i e Pk,
5 — 5 T PTG Tregs , {13 B MY XoF 5 88 I 17 465 s g 411
TR ST o A FEAE L AR S 7 1 iTregs 3R 3k 1 K P 1Y
Foxp3 , Jf- 26 (R S AR PN 35 UF B A5 38 47 i 40 11 fig g, BRI
IHERT Foxp3 1R IE KT E T Tregs (114 b FIK A
R BN, ARVFFE B UE T Tregs i 4k % % M
375 5 2 G P it 52 2% 4100 1 A A% A HE e B ML, 1 3k
P A2 () 4k 2 F 2R I8 T 1R Tregs B/EM, K0 £
AL M HE R B & A — M AE 1A H A4 i T 4t i i) A
e 2 A

g BT, HATE K b g e B A HE R AETE 2 A
TET PO AL, — J2 T 1 A R s W A2 1 T 20 e % A% A
Y Bk | O — 1 2 SR s R A ke 1 AN RSN, T
FE)IZ I B G e B 70 AT SR e IR R . i
A A Wt 2 B AR IR T 45 SR A Teffs X 4% A8
Yy Bk, SCHE 5 IE R A8 SO A B D 0 ik o
ABIE 5T H i R RE R B3 J5 1Y iTregs & 15 H AT 40 )5 4F
Stk B 5 A R AS A HE R B 1 R 85 5 A R 9
BARRK R WS Tregs i 2 % 45 5 52 M R 57 1F
PR 2 FRATAR R 5T 1Y I7 1] 6

S % ik

[1] Sakaguchi S, Ono M, Setoquchi R, et al. Foxp3® CD25" CD4" natural
regulatory T cells in dominant self-tolerance and autoimmune disease[ ] ].
Immunol Rev,2006,212 : 8 —27. doi; 10. 1111/j. 0105-2896. 2006.
00427. x.

[2] Fehervari Z, Sakaguchi S. CD4* regulatory cells as a potential
immunotherapy[ J ]. Philos Trans R Soc Lond B Biol Sci, 2005,
360(1461) : 1647-1661. doi:10. 1098 /rsth. 2005. 1695.

[3] Salama AD,Najafian N, Clarkson MR, et al. Regulatory CD25" T cells
in human kidney transplant recipients[ J]. J Am Soc Nephrol, 2003,
14(6) :1643-1651. doi;:10.1097/01. ASN. 0000057540. 98231. CI.

[4] Meloni F,Vitulo P,Bianco AM et al. Regulatory CD4* CD25" T cells in
the peripheral blood of lung transplant recipients: correlation with
transplant outcome[ J]. Transplantation,2004,77(5) :762-766.

[5] Louis S,Braudeau C,Giral M, et al. Contrasting CD25hiCD4* T cells/
Foxp3 patterns in chronic rejction and operational drug-free tolerance[ J].
Transplantation ,2006,81 (3) : 398 —407. doi: 10. 1097/01. tp. 0000203166.
44968. 86.

[6] Nishimura E, Sakihama T, Setoquchi R, et al. Induction of antigen-
specific immunologic tolerance by in vivo and in vitro antigen-specific
expansion of naturally arising Foxp3*CD25*CD4" regulatory T cells[ J].
Int Immunol, 2004, 16 (8 ) : 1189 — 1201. doi: 10. 1093/ intimm/
dxh122.

[7] Tang Q, Henriken K, Bluestone J, et al. In vitro-expanded antigen-

specific regulatory T cells suppress autoimmune diabetes [ J]. J Exp

Med,2004,199(11) : 1455-1465. doi:10. 1084/jem. 20040139.

[8] Yamazaki S, Patel M, Steinman R, et al. Effective expansion of
alloantigen-specific Foxp3* CD25" CD4" regulatory T cells by dendritic
cells during the mixed leukocyte reaction[ J]. Proc Natl Acad Sci U S
A,2006,103 :2758-2763. doi:10. 1073 /pnas. 0510606103.

[9] Joffre O,Santolaria T, Van Meerwijk JP, et al. Prevention of acute and
chronic allograft rejection with CD4* CD25" Foxp3* regulatory T
lymphocytes[ J ]. Nat Med, 2008, 14 (1) : 88 - 92. doi; 10. 1038/
nml688.

[10]Taylor PA, Lees C, Blazar BR. The infusion of ex vivo activated and
expanded CD4* CD25" immune regulatory cells inhibits graft-versus-
host disease lethality[ J]. Blood,2002,99(10) :3493-3499.

[11]Xia G,Kovochich M, Truitt RL, et al. Tracking ex vivo-expanded CD4*
CD25" and CD8* CD25" regulatory T cells after infusion to prevent
donor lymphocyte infusion-induced lethal acute graft-versus-host disease
[J].Bio Blood Marrow Transplant,2004,10(11) :748-760.

[12]Xia G, He J, Leventhal JR. Ex vivo-expanded natural CD4* CD25"*
regulatory T cells synergize with host T-cell depletion to promote long-
term survival of allograft[ J]. Am J Transplant,2008,8(2) :298-306.
doi:10.1111/j.1600-6143.2007.02088. x.

[13]Wan YY, Flavell RA. Regulatory T-cell function are subverted and
converted owing to attenuated Foxp3 expression [ J]. Nature, 2007,
445(7129) :766-770. doi:10. 1038/ nature05479.

[14]Chai JG, Coe D, Scott D, et al. In vitro expansion improves in vivo
regulation by CD4" CD25" regulatory T cells[ J]. J Immunol, 2008,
180(2) :858-869. doi:10.4049/jimmunol. 180.2.858.

[ 15 ] Battaglia M, Stabilini A, Draghici E, et al. Rapamycin and interleukin-
10 treatment induces T regulatory type 1 cells that mediate antigen-
specific transplantation tolerance[ J]. Diabetes,2006,55 (1) :40-49.
doi:10.2337/diabetes. 55.01.06. db05-0613.

[16]Zhai Y, Shen XD, Kupiec-Weqlinski JW, et al. T cell subsets and in
vitro immune regulation in “infectious” transplantation tolerance[ J].]J
Immunol ,2009,167 (9) :4814-4820. doi:10. 4049/jimmunol. 167.9.
4814.

[17 ] Andersson J,Tran D, Shevach E, et al. CD4* Foxp3 " regulatory T cells
confer infectious tolerance in a TGF-B-dependent manner [ J]. ] Exp
Med,2008,205(9) :1975-1981. doi;10. 1084/jem. 20080308.

[ 18 ]Benghiat FS, Graca L, Braun MY, et al. Critical influence of natural
regulatory CD25" T cells on the fate of allografts in the absence of
immunosuppression[ J ] . Transplantation ,2005,79 (6) : 648 -654.

[19]Schenk S,Kish DD,He C,et al. Alloreactive T cell responses and acute
rejection of single class 11 MHC-disparate heart allografts are under
strict regulation by CD4*CD25" T cells[J]. J Immunol ,2005,174(6) :
3741-3748. doi:10.4049/jimmunol. 174.6.3741.

[20]Sanchez-Fueyo A, Sandner S, Habicht A, et al. Specificity of CD4"*
CD25" regulatory T cell function in alloimmunity[ J]. J Immunol 2006,
176 (1) :329-334. doi:10.4049/jimmunol. 176. 1. 329.

[21]Jiang X, Morita M, Sugioka A, et al. The importance of CD25* CD4*
regulatory T cells in mouse hepatic allograft tolerance[ J]. Live
Transpl,2006,12(7) : 1112-1118. doi:10. 1002/1t. 20787.

[22]1kemoto T, Tashiro S, Yasutomo K, et al. Donor-specific tolerance
induced by simultaneous allogeneic islet transplantation with CD4*
CD25* T cells into hepatic parenchyma in mice[ J]. ] Med Invest,
2004,51(3-4) : 178-185.

(W His H 11 :2015-05-17)

(ARG T KT





