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Bk Je RNA DUBR Tim-3 45 3 35 6 W g ) bl
Ap FE i Thl Fi Th17 410 %) 5%

AR A ERAN KM OER

(KRTFILE ERFRAA, KX 430016)

[# ZE] BH @ v/PRCREEMmEE R T e BRE 126 10 5 -3 (Tim-3 ) Fp 575 & & RNA
(shRNA) FUER AP LB A% A1 (PBMCs ) H Tim-3 (4635, #83f Tim-3 XJHFBITE T 40 1 (Thl) F1 Th17 40531k
B, FiE A EE (OVA) BUEOMEUR L B i/ BUREL, 73 B 2 /N B PBMCs, ] Tim-3 455 £ shRNA
Fr BRIt BRI /N B, PBMCs A8 263519 Tim-3 JE:[F . Real-time PCR F1 Western blot #l Tim-3 3515, W40 4y
Hr AR (FACS) #6:30 Thl F0 Th17 [ LG5 ELISA #0040 jg 5 78 Bl b TR HR -y (IFN-y) , B/ R4 (IL4) , 71
A R-1T(IL-17) B 255 BeiZH/NEL PBMCs o Tim-3 mRNA Gk 7H &5 HIRRST: Tim-3 shRNA 703K iy
/NG PBMCs Ji5 , UER4L PBMCs H Thl 4ilfid 3] 25 455, Th17 4 L) 8 25 R, 55 B E X B4 AR EL 22 A e
BL(P<0.01) ;T8R4 PBMCs 1535 LG IFN-y B2 7, IL-17 B8 FRAIK, 5 B M B L 22 R ST
X (P<0.05), IL- 4 /KM AL, £ F#5 Tim-3 shRNA FROHIIER T Tim-3 (9335, Tim-3 KK BUE R
LT N O [FEZSKILRIZRE,2013,15(4) :302 -307 ]

[k @ @] W Tim-3; RNA JUBK T 2005 /1N B

Small hairpin RNA silencing Tim-3 affects peripheral blood Thl and Th17 cells dif-
ferentiation in asthmatic mice

LU Xiao-Xia, XU Jia-Li, DONG Zong-Qi, CHEN Peng, WANG Ying. Department of Pulmonary Medicine, Wuhan
Childern's hospital , Wuhan 430016, China( Email ; lusi74@ 163. com)

Abstract: Objective To investigate the effects of down-regulating Tim-3 gene in the peripheral blood mononuclear
cells(PBMCs) of an asthmatic mouse model by short hairpin RNA (shRNA) and to explore the effect of Tim-3 on Thl and
Th17 cell differentiation. Methods An asthmatic murine model was established by ovalbumin sensitization and challenge.
PBMCs were isolated from asthmatic mice and transfected by shRNA targeting Tim-3 gene. The mRNA and protein
expressions of Tim-3 were detected by quantitative PCR and Western blot. Flow cytometry analysis was performed to
determine the levels of Thl and Th17, and ELISA was performed to determine concentrations of IFN-y, IL-4 and IL-17 in
the supernatant. Results Tim-3 mRNA expression in PBMCs was significantly increased in asthmatic mice. The mRNA
and protein expression of Tim-3 decreased significantly in the shRNA group. Compared with the negative groups, Thl cell
levels increased and Th17 cell levels decreased significantly in the asthmatic groups after Tim-3 shRNA interference. In the
Tim-3 shRNA interference groups concentrations of IFN-vy increased significantly while IL-17 decreased significantly.
Conclusions Specific Tim-3 shRNA effectively silences the expression of Tim-3 and change in Tim-3 expression could
affect T cell differentiation. [ Chin J Contemp Pediatr, 2013, 15(4) :302 -307 |
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158 25 20 ZAR P M AR A UUA N SOTE I RESS A AU I iy 1)l RAT , B2l (8 ] A
Mg (22 ) B 2 g ML) 5 B B P T 40 (T helper  FHLER-y(interferon—y, TFN-y) | Hi iy s Py p A
cells, Th cells) WA DIRER BB VIMISE, FERIN  AEIK B G2 38 JE 19 VR FH 2 I o 38 120
Thl Tijfgul s s/ Th2 DI RE it SRR Th17 400250 ok & B R [A]F Thl [ Th2 1) ) —Ff
R BT F W0 H] Th2 BUZH A 7 (9 7 W JE AR CD4 ™ T 47 S0 T8, A 0 i Ao 5P 05 114 ke A=

[ Weha H 912012 —09 =27 [ &8 H 1112012 - 10 -29

[0 FI 34 | 15 1 SRR R B 0 H (U1 455 81200006 5 5 7B 2 3 4 (01 F 44 5 :320. 6750. 1285) ; 1AL 1 SRR
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RIEPEEIER EEAOEMS . T 4 besskE A
ZFhEE H 4 T3 (T cell immunoglobulin domain and
mucin domain protein-3, Tim-3) & —F L F£ AT
{E ALY Th 01 Th17 402 w85 I 1, 76 T 21
S T R T A A2 175 S A5 TR A B
TR EE™

W7 W90 2 H (ovalbumin, OVA) Bigiald
THEPUETE ALY Th2 41 i 1y n] 2 EU 4 28 CD4 4 i
FFIR Tim-3"" ) 3 H 5 5% 1 & A 0 K R 2 1A
K, PRI AS S By ok 34237 BALB/ ¢ R/ N BB, 44
A5 IR A D E IR 48 M3 ( peripheral blood mononu-
clear cells, PBMCs) , #3445 & 3¢ RNA (short hairpin
RNA, shRNA) JLBREE MG 2H s 23k 1) Tim-3 [,
TEAHE/KPERVS Tim-3 73725 2 5 b Thl i
Th17 4RI

1 H#5H%

1.1 LR

30 H 6 ~8 JAWS SPF 2% {i i i = BALB/c />
B, AT 18 ~22 ¢, OVA Tl fHitss , Wy 3 A2 Rk
KT B E B SR sh Py hc o KB/ BRUBEL >
Jyxof BRZH ANz, A 15 H

ABI 7900 Realtime-PCR F#4:( £ E ABI A H]),
W4 (35 [E BECKMAN-COULTER A7) , B
HEH (OVA, 3E[H Sigma 22 ] ) , /R E A0 2
W (22 Sigma /A H]) , FERMENTAS ( MBI) 31 %5 5532
M (DA Hi FE AR W) BB R A ) ), SYBR
GreenPCR Master Mix( £[E ABI /4 #]), Lipofectami-
ne™ 2000 i %] ( 2£ E Invitrogen) , pGPU6/GFP/Neo-
Tim-3 K B %t B8 ki pGPU6/ GFP/Neo-shNC # 4
( B3 H/ 7)) , anti-mouse-APC-IL-17 | anti-mouse-
FITC-CD4 }; anti-mouse-APC-IFN-v wRAIE(EHE
eBioscience ) , ELISA &7 & ( 3£ [E Invitrogen) ,,
1.2 SR HE
1201 e b QA2 S8 North %
D7 I AR, 55 0 RFNES 7 R4/ RS IR T
570.01% OVA FIEAMFRIR G 0. 1 mL B, 26
14 REH 21 K, R/ DEET S L B ARST,
PL1% OVA A B /KIS S A HOR , (/)N B B TE
OVA {2 30 min, Wit o5 b de 55 1. X B4/
B, PAAE AR KA OVA [P A7 5250, /N 31
TR AN 2 WP IR A T LR 2R e 0 Ay B R
KU TG — KOG 24 h ZEFE S W) #4725 A
I 2RI BB i - B2 A B S H/NRUE T il

HL,10% fR/R AR E , F A 8, PR, 75K
K — AL (HE) Qe a5k,

1.2.2 R PBMCs #5458 B35~ B2 /R,
SRR Co 2L, B /N EREBCHTREIL 1.5 mlL,
DASEIATH Hanks WM BRI, BRI A SRR BN RO 2
AR R )2 ,2000 g B0 20 min, BUHIRAE S 52
BRI A AS B PBMCs, LA Hanks 3% 3 mL, ¥2%]
J&,1500 g B0 5 min, #1310 % G4 1035
IS LIREE N5 pg/mL JJE A A 1Y) RPMI 1640 5557
0, W PBMCs ¥R 1 x 10°/L 71555,

1.2.3 Real-time PCR #1] PBMCs ¥ Tim-3 mRNA
a9 kik L2 41 PBMCs 3%, PBS ¥t 2 i , TRIzol
DAMERAN M S RNA, SO st 5 ok 980t & PCR
Bekg i 2 26 PBMCs H Tim-3 mRNA F£ 5150, Tim-
3 51¥% A Primier 3. 0 7R FAFEEIT, Tim-3 1E X
H. 5'-TTGGAGTGGGAGTCTCTGCT-3", ) Y 4. 5'-
ATCCTGACTGCTCCTGCATT-3'; 7= ¥ K & 160 bp;
GAPDH 1F X 4% :5'-AACTTTGGCATTGTGGAAGG-3,
L4 . 5'-GGATGCAGGGATGATGTTCT-3", = K
BE 132 bpo AR : 95 C FiASYE S min;94 °C
AFPE 20 5,59 °CiB k20 s,729C ZEA# 20 s, 3t 40 4
PEFR ;72 CHRAEAR S min, FESLIYEE R 3 K, &
Je B I 270 AR L IR A

1.2.4 Tim-3 45749 shRNA % PBMCs B 4% 3 3k
FAeml FEERGZH /N B 5T B PBMCs 8%
P 6 FLA b, 3R 1 x10°/41,37 C, 5%
CO, 557 . AMMAhT 24 LA %% G i S 4 A &
PrAE 2 i () DMEM ¥5 5255, pGPU6/ GFP/ Neo-
Tim-3 FEBE4 AL 3 %F Tim-3 455214 shRNA , ¥ £ T
PSR I W 547 925, pGPU6/ GFP/Neo-Tim-3 [
51 I 4 5'-CACCGCTTCTCCAAGAACCCTAACCT-
TCAAGAGAGGTTAGGGTTCTTGGA GAAGCTTTTTTG-
3", & X %5 5'-GATCCAAAAAAGCTTCTCCAAGAAC-
CCTAACCTCTCTTGAAGGTTAGGGTTCTTGGAGAAGC-
3', FAEXTER pGPU6/ GFP/ Neo-shNC. 51 Sy A1 4 fir
B Tim-3 TG #E 1) P (9 4% 1R Jy 4] - 1E 4% 5'-CAC-
CGTTCTCCGAACGTGTCACGTCAAGAGATTACGTGA-
CACGTTCGGAGAATTTTTTG-3'; Jz %% 5'-GATCCA-
AAAAATTCTCCGAACGTGTCACGTAATCTCTTGACG-
AATGACACGTTCGGAGAAC-3', SZs 4y 3 41, 13
FEAS R (UM RS YeilR])  IPE shRNA 20 Figs
5 shRNA 41, R4l 3 R fL. 554 PBMCs: R
F LipofectamineTM 2000 N EAREE YRS, Fed AU
WIS T G 52 55, B RS Tim-3 shRNA 3Rk kL
BRI YL A PBMCs, [R]Ef LU 3 NC FORiA AR,
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A 3T C .S % CONSRMPWET 6 h ekl SRR, B R B R et i . WL 1

T, e 24 h J5 HEAT OO0 BAMGAR A BE ek
FeOeR = CR s A5G R A Ey T IOE T 1Y
YA x 100 %

1.2.5 Real-time PCR #= Western blot #-m| Tim-3 49
VR IE &S AR E R R RO P G FR 48 h S IR
AN, FR o AU EE N TRIzol J5 #E4T Tim-3 1Y
mRNA K], AR 42 L L B-actin HNZHR

HLHEFT Western blot R, 77 ¥ i BN« 4R U4 E 0
ISR REIR vk 5 B 2R 11, SY B SR (T LK S A1 SA N RAA R AR - frk e,

" R oo 200) W2 S AR L BT I i 2645 e T L 5
PVDF 5% WS WK i TBST 2B 1 ~ *
W, 1 5% JLAR W i i iR H M Ge P RNTIEE , EAE VAP M, e R 20 L B 40, 3

2h, A 121000 FAEAY Tim-3 PLlk, ACHERI  spmpe o i, gomsemomu i gomac s, 14 1041 %
B2, LA 1:5000 F BRI BERR — 50 AT ALY BENR sy st bo 0 0% ok S0 58 1) S 40 st

IR 18G) FIRMEH 2 h, k¥ 2otikH &

17 %t, Bio-Rad Image Lab BTG MEEH 2.2 /Z§ PBMCs f Tim-3 mRNA &%

A IKREE AT Real-time PCR ] PBMCs H' Tim-3 mRNA )3
1.2.6 AKX e n ks PBMCs F Thl fe h/KOF 455 BREEREZH Tim-3 mRNA 936558 F 3
Th17 4m ity 49 +b 4] o1 UL RR S 45 41 PBMCs g e 354475 (P <0.01) . ILI 2,

100wl FoalaE b, ¥ s £y, A B PR anti-

mouse-APC-IL-17 F1 anti-mouse-FITC-CD4 &Y anti- = a
mouse-APC-IFN-vy 1 anti-mouse-FITC-CD4 i#47 xR 20
W (HAFH L E eBioscience 23 FRF & 0] 45 25K g
EAT) o A 25°C MY 30 min, FHEHIRDE 2 c
WK BRRINPE K 2 mL, 1000 r/min 2.0 5 min, 3 .:Zé =
EIE A 2% 1) 22 5 T RE [ 2 K 300wl EE s 4 . 2
pieaediil oA NG /T = 57 .
1.2.7 ELISA %l 5% & PBMCs 2 e b ik i . -
T > £ I
IFN-y IL4 fa IL-17 gk F K504 d 36 In- I e

vitrogen ${3E , B 1F A5 B UM 150477 .

1.3 ZitEaHH 2 Tim-3 mRNA B3 RIZKFE (n=10) a:5iF
R SPSS 17.0 Ge PR PRARIE T5c b7, TAIIALIEE, P <0.01.

FHEVORTEIEL = b7ME0% (x +5) 2, SALA HBR

il One-way ANOVA 447, Jrassebtaimpipiteer. 2> ShRNA SRsgknsiasl

JH LSD-t K P <0. 05 W22l geit2 . Fotii A 2 16,985 8 1 (GFP) 9 shRNA % 5t
PBMCs , i 3 9 i i i 55 35 30 D 4 T A0 B XoF b mp
2 ©#=: Y, L A 2 R R B 80% LA 1, TLIEL 3,
2.4 shRNA T2 Tim-3 30X %M
2.1 NEHALS HE &t Real-time PCR Fl1 Western blot 43 HI| #5125 15 %

R IR U B e A, S cpep MAL(Nock L) B ShRNA S (NG 2 IS
EHSRE T, R L se e ok By gene  SNRNA L GhRNAZH) 9 Tim-3 mRNA FIE B A9 A
UMM . PR RS AL S A TR B R W g XA ke 5 Mock Z1AI NC 2 HL AL, £33+ shRNA
S e 45 R R AN (gt LI mRNA R RS R AR (P <0.0D) 0 L

AR S AT S R e T e
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P T L

3 shRNA #LEARE R TH PBMCs( x 100)
JCHE N BRI B L% B LH) PBMCs Oy shRNA BINH6H% (1) PBMCs.

s
wK

2,

2.5 in
T
Th1 4HMILE 5] 75 shRNA 20 (14.7% +3.4% ) i
2P NC 41(9.4% +£2.4% ,P <0.01) ;shRNA 4
Th17 20 i H 1] (2. 38% +0. 03% ) B Z % F NC 41
(6.09% +0.08% ,P <0.01);Thl % Th17 41 i 7¢
Mock 205 NC 22 [W] 2= S Jegeit2 i o WAl S,

/5 PBMCs 1 Thl % Th17 44 Lt 51 &

25—
g 150
4z 20 o e —
= +
= | Tim-3 33 o
.: 15 Tim- 3 33KD %100
z o
Z 10 s
o on
1 a 1 50 a
= GAPDH 37KD &
0 \ | 04
Mock 2H NC 4 shRNA 41 Mock 41 NC 41 shRNA 4
A B C
4 shRNA ##33g A R PBMCs B Tim-3 mRNA F1ZE B RIEMIFM(n=6) A: Tim-3 mRNA Fik%5 i1,

a: 5 Mock 2 5 NC 4 [b%, P <0. 01;B:Tim-3 & FFE5 544K, 1:Mock 41, 2: NC £1,3: shRNA 4 ;C:Tim-3 [ EE5 K ,a: 5

Mock 25 NC 4 b %, P <0.05,

10¢ 10° 10¢
10° 10 Xk 4
‘ - 20 | 3 Mock &
S 10° S 10° # X E NC 4
e 10T 0= T @8 shRNA 41
0 10 0 10 00 0 10 1o ol 1o 10 1o o §
CD4 FITC CD4 FITC CD4 FITC =
\\Q\_
10 10° 10¢ RS,
i~ 10° 10° 10° g
< S
- 10 o 10° o 10° W
E 10T 10 g T ) Femeren
- » - - -
10 2 3 0 - 2 10° ”“‘ I 2 g !
O Wm0 Yopedme Y o C])LOFI'I‘(JIO a Thi Th17
Mock H NC 41 shRNA 41
A B
B 5 3% Tim-3 /5 PBMCs th Thl % Th17 A GIGTLER (n=6) A UGS BALRE a: 55 Mock 41

FINC 414, P <0.01,

2.6 mELfE PBMCs ti&ik s IL4,IFN-y,IL-17
KIRIZTWL

shRNA 2§ IFN-y 7K °F @ % &% T NC #4 (P
<0.05) ;1M IL-17 /KPR EH LT NC 41 (P <0.05) ;
$27% shRNA LBk Tim-3 J5{% IFN-y Fl IL-17 $ik7K
SR AR X IL-4 Rk KT, R 1,

&1 FHNR PBMCs L&l IL- 4 IFN-y fl IL-17
BIZKFE (2 +s,pg/mL)
2415 FRER IL- 4 IFN-y 1L-17
Mock £H 8 64 17 49 +15 97 +19
NC 41 8 65 16 50 £15 95 £20
shRNA 2 8 58 +13 83 +17°¢ 50 +13°
F1{a 2.08 68.51 92.34
P1H >0.05 <0.01 <0.01

a : 5 Mock 4171 NC 411L#5, P <0.05
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BIE R RNA TR A . RNAL 2/ A TR

3 itig 18— T i i Je VR RIAIL R, 05 1) 4 Ak 2 B A 5

Th17 402 LAk TL-17 SR4R1FER CD4AYT 44
OB B 50 S Th17 55 0% i ST 90 19 & AR il
KIS : Zhao 4517 J Agache 25 Kol % PR
% i 5 % PBMCs o Th17 20 fifg S HE TL-17 7K %5 fie
JEXS R B 8 T v, L s P M ER R R I A OG5
PRWCH TL-17 A (115 055 027 i B A= v Sy AR O
S T W A ST SR P R BN Sh A A R S
& B Th17 4 —J7 18l LA 2 1 ok 40
JL &9 , 55— 5 TG AT LA Th2 4 i b R4 AR i
S R 7 AR Nakae 2610 % 37E /) B
BRCME S S E AR T R G M R R TL-17 PR, oA
TSI T 14 200 fL IR L Th2 28 41 ff PR 7 119 7K SF D &
S TE R SO B B R A, X S 4R Th17 2
57 B & AR A B AR . ] Th17 K
200 0 R T 1 2 3k AT DR W Wity T R E S, R
SOSHL L1 s 3 48 I Ak i T BT R
IERFFE & IR Th17 F1 Thl 20 i 4t 7] 43 55— 8 %
IFN-y B] LAF0 ] Th17 40 5 50 Ak RN B s 1 7E — 22
DI , =% 2 18] SUAT A E AR AL 5
W ity S 22 it [ B G P05 11 R0 2 VA O o

Tim-3 768X 4> Thl/Th2 4 i e 5 1 22 1fi
B s A B S5 5 1 — A A0 M 1 43, P e 3
IRAEIGAL Y Th 0 Th17 4 im , 78 b —Fp i
TGS CDA™ T A S S LA, TR A I
IO7 T B G PRSI 1) A D i v R A EE
VEFRM™ S SR PR 25 RS PE IR A B 46 Je— i 1 5
GoREVEPNG , 7E—EFERE 1% 1 R ER T Thl/
Th2 [ FAPRAS , Thl 205 1200 19 % AL AH 5 , Mon-
ney % L BAESRTS RS Tim-3 FAIHL & ]
WMEER] Thl 40 S IFN-y 3 JE 323K, #2785 Tim-3/
Tim-3 B 72— ELPBH BT, # S 20 Thl 4 S 195
WAk, BRI Tim-3 5 A B 45 2 32 (A0 i 45 5
KT Thl e, HATWISE B OVA Sk
BrEPURIE AL Th2 40 s n] S 80 R4 2 m
K Tim-3 , ] Tim-3 T A AT I 35 0 42 B0/ R
1R 3H e S 1 A0 AR A E Vv Th 4 i P77k
AT Thl/ Th2 [P ASZI i fF 5 45 5
S5H 2 5T A I/ NE, PBMCs 51 Tim-3 mRNA
(23R 1 35 8 15 6 B AL, 55 s 1) ke 2 )
i

YT Tim-3 He PR AE B2 i rf (9 2235 & 5 Thl il
Th17 HffZ B AR AR EE: T 00 B 5

fife [R)UE 7 5] ) mRINA | DT 328 2140 o I R %38 19
Hiyo W58 B, # siRNA-STAT6 Jij &4 OVA i
/NER, FTABA S 9 OVA 355 S 1S IE RAE FIARTE 5
FOREPET . H AT RNAL H AR A7 G 1 ik %
I RIS O 2 JF e, 7E RNAIL 2844, siRNA
1 shRNA FS AT DAFEAAR SN N LA BGEEA T 5 R0 BR A
58 fH AL siRNA 75 5 B i, 10 19 Iof 2850 1 ¢ 2% 5 i
shRNA 3 3 Ao i G 14 JoR 28 1A R A% 1 250 1) 47 i
PRIk, (A1 FLAZ FaR 484 53 1 A8 ME LU AR W AH
FPERLE T RASE IS B A R ) AR T
RGN o AT P R ik 3
& pGPU6/GFP/Neo-Tim-3 -3t 1% i /)N FL PBMCs, 7¢
DGR T 7 20 B 1 A e AR A 31 80% L
SERTE f: PCR J2 Western blot 46 il 45 5 3% HH A4 2 119
Tim-3 shRNA T3k ARt Tim-3 mRNA FigE
H IR, #—2 AT Tim-3 shRNA BH K Tim-3
2B , NI ZK PR WS Th F1 Th17 20 i KX AH
RAHML PR (A8 A . R, DLBR Tim-3 KL )5,
CD4 "TFN-y " 7K 7 I 25 Ft &, £ B Thl 28 ff (5 5
IFN-y FeiR10 5 1 CD4 * IL-17 * 7K - i3 25 BRI, £
Bl Th17 4R+ 1IL-17 BB TR, R Tim-3 {5
S T N Thl A0 Th17 UM & REER . 3%
AIHED (5 FH 4% 5 shRNA JTER Tim-3 78 B2 W o 19 755
FiRZ )G, Al RE A 5 5 Th 4 fift3% 1k, IFN-y 43

WA TN B 3 A A Tk B A A Th17 41 i) B 1A o
fery.

TEAWFTEH , BIISEBL TR shRNA Fir 4 3
RNAi SRV R Tim-3 FEP 3%, I M BH
W Tim-3 8 2%} /NG, PBMCs A7 Thl A1 Th17 21 g
IR R R, o Ja Sk s ik N s g fe it 17 5
B R . A IR LRI E T shRNA R (1Y
AT [ A A 2 M A o L A OF 5 A T SR AN 1R
R

(& % X ]
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