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ABSTRACT Objective: To explore the effect and mechanism of kaempferol on enhancing the immunosuppressive function of Treg
cells, thereby inhibiting graft rejection and improving graft survival in rats. Methods: Wister rats and SD rats were used as donors and
recipients to establish an allogeneic skin transplantation rejection animal model. The skin graft of recipient rats were observed, and the
graft failure time was recorded(80% graft rejection). The mRNA levels of splenocytes and lymphocytes FOXP3, CTLA-4 and IL-10 were
detected by RT-PCR 7 days after transplantation. The degree of lymphocyte infiltration of the transplanted skin grafts was observed by
HE staining. In vitro T cell proliferation inhibition test, added kaempferol as a control group, observed the function of Treg cell. Results:
1.Kaempferol can prolong the survival time of allografts after transplantation(DMSO group 6.3+ 0.3 days, kaempferol group 13.7+ 0.39
days, P<0.01). 2.RT-PCR shows that kaempferol can enhance the intracellular mRNA level of CTLA-4 (control group 9.24+ 0.17,
kaempferol group 12.48+ 0.145, P<0.05), FOXP3 (control group 0.96+ 0.07, kaempferol group 1.41+ 0.07, P<0.01) and IL-10(control
group 0.95% 0.12, kaempferol group 1.50) = 0.16, P<0.05). 3. In vitro T cell proliferation inhibition experiment, kaempferol can enhance
the immunosuppressive function of Treg cells. Conclusions: In the rat skin graft model, kaempferol can prolong the survival time of skin
grafts and increase the mRNA level of IL-10, FOXP3 and CTLA-4 in Treg cells. In vitro, it can inhibit the proliferation of effector T
cells. The results indicated that kaempferol had certain value in improving the survival of grafts.
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SERIT A BT GVHDY, 2014 4EJETFHR ETH B BR324
Z vl 3 treg 1) — AR IR R A B OCI ™ B A R,
HARRE AR R st oR R S PEHE R O™ Ll i
—RRARM B ESRA G Y, NTBLE Al ARAY Fm RUIlIfE S5

B =A T EIEE SR PR A B R, e
FAE A B e Jr T, AR IR 51T 9 Mg, AR
it 3 S R SRR RS ALY 1L 2 R T T, DL T A L 25
Xt Treg 4 ML RE IR Kot R Rl SR S Be HE R IOFE AT, A
B HAL R HEA T A

1 pERAN R i%

1.1 868z

FAEHRE SD B, 30 2, WISTER K i 15 H,7-8 J& %,
SPF ¢, Wit , /K 150+ 10 g, M 1 b i 37 3% v S 50 3 ) A7 B
ONE) A FEF I T AT O R R SRR I S sh Y .
A SRR A G 2t SIS B2 B 2 AL, 7 R R 4
AR 2 A, — B OURRE R I TS
1.2 EERXFIFNSEH

(1)L ZEM (50 mg) (11852) (L SEFERHEATBRA ] ) 5 (2)7
KEOEMBEHUIAR: LK CDA-FITC Hifk (0X35), Hi Kl
CD25-PerCP ¥t {& (0X39), #i Kk E. FOXP3-APC # &
(236A/E7), Hii K B CTLA4-PE #7014 (eBio20A ) Fl 21 Jifd 1 4 e
B eFluor-710 (OX39) (A Bl | L iEFE S L PRk
HIRAT); (3) R A WEE 0 1 (PCR)F| #1 (TAKARA); (4)
PCR 4t} SYBR GREEN MIX(TAKARA ); (5) B Ak 7 CX41
BT (OLYMPUS L ifg i1 i 45 I e R ) 5 (6) 20 2040 ity e
EHL(LEICA ST5020, I35 11 %m 4 B2 ek BEARL) ; (7)A 55U F AL
(LEICA RM2235, Lifgili%h4: BEBemBRL); (8) Al
(LEICA EG1160, i EG4: BBk 2R 4
1.3 KWH*E
1.3.1 KRB EBREST  PHMAZY ). K321k SD
KB 3 4, B4 10 Ko XTI 1.SD KR AR FEA#
M4 ;0 X BEZH 11 SD K BRI R SRR A S AN FHZGH0IRYT 50 58
B2 - SD KEBAEE T I ZEmAYT, ILZEm LI BN,
AL e B2 1 mg/0.1 mL, ARJ555— KX K RH#FATHES A&
H—H 50 mg/KG, 5 HRER: 2 KiEH 1 ILZEH % 14 K.

[6) it S Bz kA AL - Wiister K BUPE b4, SD K BRAE N 2
1A, 10 %K & AL 35 mg/100 g (A, JE s VE SRR . 5 s 61
BB I 0 B PR 25 BRI A (DL L B R
WEEFAEY) ) o HEAAEIE . BEIATS T 1/3 &b, 1 2 wifn 4
YINL 1.5 emx 1.5 cm IEFIE 22K, A 4 CAHEhK &
B NI R R 2R RB NI, AR 7
YRIRIRE G, By 2 —3 1.2 cmx 1.2 em (WIE TG B2k, [RIREDY
EIE BB LRI, AR AR K b 1 ARERIR T, i
R R F BB A KA S B 7 1), Tl 2 AR T Ak 8-0 = £kt iy

AR B o VAR IR 1 TR L, A
gl QIREEAR : FARIRAE S W AR R A, W) & 47
PR DR RS . RIG RN A BT
TEIL, HEBR T AL MO I (5 V4 R B R RS i 7 JR
HFARLL) o WEE Rz Fr RS MM AT i 76 1 45 S VR 0 5 1
Rl IE 7 J T L, 80% RS AE 47 H BRRAE A 25 6 DU A HE
(A FARIITE SPF W) 5 b it A7) o
132 HE bt REMREBESEEEBE K ARIHT
JIE R SRR I SRR 0 B W) & V1 51 124 5 mm 35 R
TR (R LRIV BB B W & 1249 5 mm), T L4 PBS 1)
P, BRIEDS R RGN o K B BRALZUCE A 10 %t
IR AR E WP RE . AR E 72 /NI RS R RO A
A E R, TR R B R B B E W 43 B 70 %, 85 %,
95 %, 100 % L BEBIK AL, Ff 58 42 B L LU b K 4 5, Tk
PR HTE PGB S 4k Tk R KRy
A A & rh i Rz IR R FE A0 R, S i e e 1)
OG0 361 55 LA 5 ) A3 4 WA G SR P B A B2 RS e i T
YIRHL L, VIR 5 ok JEEEHER o TR A3 R A AK s
TR, RGBS LAZUE R, AAEER R K
Oy o FEF U F R R, AR 15 4h L 100 %, 95 %,
85 %,70 %L BRI 2 43, B Ja A ZEIRZK Hhigkif 10 434
R 75 A2 AT (HE) G (03 50 S AR BB A IR AR R e (8
20 435, B RAK IR, SRS 30 BB, A SR K PRI 15
O3 B EDRELIIR 1 Al B ROK PR E R 2 A, PR
95 %, 100 % LB , 7353 2 435, AR WA R (3:DE
1 AR, ZHRRN 2 AR UGB . BRI S
PR, HGA AR AR I 40 Ao
133 EEPHEESESXRM(RT-PCR)EE  BORHL
FREGAEA G S-E R KR, 2 IRFER R, B B 25 R R ik e
g5 RS U T R AR, AR A R RS JE A 1.5 mL EP
&, InA 1 mL TRIzol i3 (Invitrogen)Z4f# , 2 iR HCE 10 min,
BiJ5 76 1 mL Trizol ¥ HH AN A 200 wL =40 H b, RIZLEZ S 20
b, ZEEHCE 5 min, K L ELE 5 min, 78 4 °C 12000 rpm 454
O B0 15 min, B 1 )E 2 400 L o B T 1A CE A BT
RNAnse-Free 451, 45 M A 500 wL S8, RIZUE T 20 £,
HSRZEIRBCE 5 min, PK_1HCE 5 min,  4kZE4F 4 °C 12000 rppm
£ NS0 10 min, WFE EIETR, A 75 %28 1 mL, iR
5] #E 7500 rpm & FAREERC 5 min, BUR P, HXT 5 min,
T 5 458 OB R 145 % F DEPC 7k, 5@ 4 NanoDrop £ ]
RNA (¥ B2 Kl By, gt SiENE 260/280 2.0 47,
230/260 KT 2.0, #F B X M HEARER , B B ARSI #5
BT Yo BT IE A, A ERIBUT () mRNA 347 PCR 46,
Zi RN Ct(a Ct=Ct—CtNZ), i 27 “if 1483t
00 BB :

KB CTLA -4 i 51 ¥ 5'-GGCAGACAAATGACCAAGT-
GAC-3'";

KB CTLA -4 J5 51 ¥ 5-TCTGAATCTGGGCATG-
GTTCT-3';

K Foxp3 T 514 5-TGAGCTGGCTGCAATTCTGG-3;
K Bl Foxp3 J5 51 ¥ 5-ATCTAGCTGCTCTGCATGAGGT-
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GA-3';
K IL-10 7151%) 5'-CCTGGCTCAGCACTGCTATG-3' ;
KEIL-10 J5514) 5'-ACTGGGAAGTGGGTGCAGTT-3';
KE Hpri—#5514) 5-GCGAAGTGGAAAAGCCAAGT-3' ;
K Hprt -5 5% 5'-GCCACATCAACAGGACTCTTG-
TAG-3',

1.3.4 K50 T AIEFEMBIKLE AN MR AL HIRY

[l — 4R AL 6 T R 2, Re i th Y Treg 2
TR AP, SER2H KO (3R 2), SR 2 Treg T ILIZR
PAbBE 3 K, BERANA 0.03 mg 1LZRM . B L O 20t
Teff 2 /f1, 55 3 KRAEIJE 96 fLAH AL, 42 LLFI A Treg Al
Teff M1 (K 3), BEATIASN T ARG SHAM G 5256 . 37°C ALy
FeAAEIR S K, AT A M A A, AR 5 e e (i B2 )
W T 4 SR O

1 T BIEEIN SIS Treg LAMALMIE

Table 1 T cell proliferation inhibition experimental Treg cell treatment methods

Treg+ kaempferol Treg+DMSO
Treg 0.5M 0.5M
kaempferol 100 pmol/L/d DMSO
2 T HARAIEFEHN H SLI6 ANt
Table 2 T cell proliferation inhibition experimental Treg cell treatment methods
Treg( Treatment group ) : Teff Treg( Untreated group ) : Teff

1:1 1:1 1:1 1:1 1:1 1:1
1:2 1:2 1:21:2 1:2 1:2 1:2
1:4 1:4 1:4 1:4 1:4 1:4

1.4 Sit= o

25 20 SE 9RO L B e AR i 22 (meant SD)3RIR, Giit
459 R F SPSS12.0 Giit 2= 84 #iA7 43 B, Gttt B Rk
Graphpad 5.0 #4411 . WAL YEOR L #R A Student's t 46
15, P<0.05 F W EFEMG =25, P <0.01 FAEw B EERTT

ES -2

\ N

B B 7 RS 3 A EBEMNTA. AL

2 &R

2.1 EBMEANZHRRRERBENEFRHEEEEK

TERSHAE S T K, MR K IR A0 14 s PR B 52 R A
PIRAFRARES . TR LSRR R, X IR 2 B RS A A IR
80 %L I VRYTLHRSAHYIAIE 50 % /e A, i FAKFS AL ZH % KRS
TR WL SAHER SR (LR 1)

Fig.1 Appearance of allografts 7 days after transplantation

SIMT IR SZ AR A R BOR B R B R IR SRR, B2 R B
ZAR P B A 2 PEHERR (80 % LA LT FUASE A5 B8 AR ff ) K
B 6.3+ 03 K, MLl ZEm A BRAL 1 S PEHER KRBk 13.7+
0.39 R (P<<0.01), PAZHAH Lb LI ZE Wh ¥y 40 7T S 25 188 n B2 Rk A%
YRR, (WLE 2),

e AR T SRR B D) R, 4425 20 Hh B SRS A vk L2 4
R B . & B AR R BORSAE A LA Bk
YOI , FE T REZH B AT ) B JE v AT DR St vk L A, i L 2%

T ifa I 7 2L RS ALY 2 DR P L 200 32 1) 5t 0 B3 /0 o i 2
(WLE 3).
22 WEEHREMh CTLA-4,FOXP3 #1 IL-10 B mRNA 7K
Treg i MUAISC A SR B 5r T CTLA-A | SCHEPERE S T
FOXP3 FZUMLIA T IL-10 f 2352 Treg i & 4 S i il 1
FHRI SN Z R 12— 7S L 2RI A KA A A7 )
(] 9 S5 D, OB 55 7 R A2 A R I ATE Bk I 45, $2
RNA, Jf| RT-PCR #:ilf Treg 4iifitd CTLA-4 FOXP3 il IL-10 1y
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mRNA 7K, mRNA 7K 2+ @ i fhRoR . RIMILZEBIRYT
ZH (%) CTLA-4 [FOXP3 F1 IL-10 /) mRNA 7K FXF B . (I
&14),
2.3 IIEEHER Treg B REIMHIThAE
J T IR ZE X Treg A0MIA IR M , AT
— ST RS T RIS T SR8 . A BT Teff 48 j i) 4 1 1%
M, 7E A Teff 404 FLPY , DMSO 415 91.2 %, 111ZEW41
87.1 %, Mif4 MBS [F L A Treg 4G )5, 1:1 443 51 R
62.6 %1453 %, 1:22 U550 78.3 %Fil 54.5 %, 1:4 41 88.4 %
F170.3 %(ULIE 5), AIVLEEANA Treg 45 LI Z5 b FH 2 o
{4 Teff ZEMIHETE 15 0 10 255 T DMSO X HRZH, il ZEmA S
Xf Teff JUPA=AAER, UiBHLLZEM ieg s Treg 40 MY %

B&BEA
Autograft

Kaempferol
3R RBEYEBER 7 XKAKY F HE 6,10 FETRERLER KB ARSEE R 5T,
Fig.3 Receptor skin grafts in paraffin HE staining 7 days after transplantation,

FEMHILIRE, X th 5 2 /if RT-PCR /R 945 R—EK.

Skin Transplantation
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Fig.2 Survival time curves of all three groups' allografts( P<<0.01)
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observed under 10 times microscope and lymphocyte infiltration statistics( P<0.001 ).
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[ 4 3REVEB S ZE SD K RAFREFNSNE #h B 45 RNA, 34T RT-PCR 4], 25 R B R LM BN ZFE X RIMKEHMEA CTLA-4(P<0.05),
FOXP3(P<<0.01)%n IL-10( P<<0.05 )y mRNA K5 F 3188 HE,
Fig.4 The spleen and peripheral lymph node RNA of the recipient SD rats were extracted and detected by RT-PCR. The results showed that
the mRNA level of CTLA-4 (P<0.05), FOXP3 (P<0.01) and IL-10( P<0.05) was higher in recipient rat lymphocytes
treated with kaempferol than that of the control group.
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5 T fARaIG3AIMHISEY , CFSE & Teff 485, MMM T ZBRIESEER . AT #—SWIELEBMER, 7 T RIEEMGI TR SRMA
50 pM LZEER( T )1 DMSO(X$H8 £ ), CFSE MR i B T AR RIS TEER
Fig.5 T cell suppression assay, Teff cells stained by CFSE, FACS show the result. To further verify the effect of kaempferol, we added 50 uM kaempferol

and DMSO everyday in suppression assay, CFSE shows the proliferation of T cells.

FrAM R e RS T 4, Treg 4 j A 1R 54K H5 T —Fh
5=, 0 XFRLE T 20 M Pk A BHA : Treg St S B il ity 3=
FEXFGIERON T 4, A5 5 2 A EAE IR APC™, o j=/E
I A0 R F- - Treg 2274 IL-10  TGF-B il IL-35. H
TL-10 J&— 258 7 B30 P 200 PR 127, TL-10 S8 AR S 56 6
Treg 41 F A SEER AN A 7, TL-10 454 T IL-10R1,IL-10R2
WA =R A, BB STAT3, BHWT 742 & K+ IL-6
P55 [ (STAT3 J& IL-6 KA RIUTRERY R T )P, (3)
0 APC 35 P : Treg nJ 5 T — P AR O bk U0 40 Jfd 38 0 &
(LAG) 3Rk, 2™ ¥) LAG3(CD223) 5 CD4 43 ¥ [aliK , il 5
AR DC(imDC ) # ik MHC 11 2843 T B 5 f 454, 51
& W ITIM K2 (5L SHP1 2 5 (il {5 5 14 g sh fili%
5, BB DC B R, il HOR 58 & 4% 16 7 RO PR 4R 2 7R Y
ARSI R, W2 AL S AY Treg, oMW LhAE % 15

IL-10 7F mRNA /K | i 3 5 F DMSO Xf JR4H i) Treg 4 il
TR T ILZER ] 3458 Treg ANMIIfE , I8 i 43 IL-10 Fpifil R
SE R KA SO 1L ZRIB2H 1 32 R TR BRI 2 JER B AR 400 1 bk £ 4t
123 W 5/ F DMSO AbHE ) 37 AR K BRLOREEOLIE 3)

125 (CSH1006 ) E—RRARA B A9, 7 F SR
IR S BRI, v, A P
16 A RAE KRR IR AR 2 P 2 vl R AEEY,
LAY R e v RERIPT AR F B R 2 1 FH 2 1
S AE ST Bt o ATTBLE ol AR ZRnt  XUAINAE A8
Fh R B 1 L 2SR IS 420, L 28k B
B BEPN A AN IOROR A I8 R, 78 /)N BURE PR 455 78
Tl ZEm 5 & AL A (INOS ) R4 AL 2(COX-2) Rk
T C N I (CRP), W AR 19647 200 BB, T e J
VS OCT RR U b, AT BT L2819y A] LA 18 7 st P
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F NF-«B {5 538 g5 I IL-18 755 i 2 KRG R 3
I ok, 2T 2 20 B 0 A s RN S A, ) AR T IL-1B A9 R Ui
MMP-1 IRE A -2 AT R -2 /19 mRNA 7K F AT i3 56
AR EAR ™, X, Chen 48 AMRIE T I ZEEM NI i T 4 AE
IRBE IO () MAPKSs and NF-kB {5538 %, MRS T R AE
K IL-6, TNF-a 555, 5347 BFSXAERI £ EAE sl p & 3t
T LI ZE Y AT DA S B A G Treg 20 A B0 I D HERY,

AR TR TEE S T Wister/SD ke U 2 AL R | If:
FHILZE B X 32 44K B4 T T30, il i FACS 1 RT-PCR Az il ik
EL 200 fifd HR Treg 4000 i A9 T U7 40 A I F IL-10, S 4% R N 1
FOXP3 FIZ[fi4rF CTLA-4 [) mRNA 7K, 455 % B 2500
S BG40 i FOXP3 IL-10 Hl CTLA-4 £ mRNA 7K |- i %
LT 4) . S TRAX —E5 R, A TEAT TSN T 4
BB S50, L 2RI T T TS & BLIL ZR B Ab B T 41
M5 5% BEZH AR b 32 3] 1 BH S Al

4 g5k

LI ZE R T Bl B R A% RS 28 v ] B 25 9 K e A 1Y
HEAFISTE], TR Treg ARAEARSCHY T P2 5~ IL-10 4%
KT FOXP3 | L5 CTLA-4 ) RNA JKF- R #5271, Jf
TEARSN T ARG AN ] S 30 h d A5 3 T UESE , W L ZEm ] L
RFFETF Treg MR SN IRE, TEie MY 00447 J7
A —5E R {E
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