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[ Abstract] Objective To investigate the effect of IL-21 on secretion of IFN-y in CD8 * T cells of rhesus monkeys
infected by SHIV. Methods The in vitro study was carried out on the culture of CD8* T cells isolated from rhesus
monkey models infected by SHIV. CD8 " T cells were incubated with various concentrations of IL-21 (1 ~ 15 ng/mL).
Then IFN-vy concentrations in the supernatant were detected by ELISA, RT-PCR was performed to detect the expression of
IFN-y mRNA in the CD8 " T cells, and the percentage of IFN-y-positive CD8 * T cells was assayed by flow cytometry.
Results 1L-21 (10 ng/mL) significantly increased IFN-y level (P <0.05) in the supernatant of CD8 " T cell culture,
compared with that in the control group. The expression of IFN-y mRNA was significantly enhanced. 1FN-y which requires
de novo synthesis following activation peaked at 4 h post stimulation. Conclusion IL-21 can increase the secretion of IFN-
7 in vitro.
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TIL-21 2 — i3 & LAY ELAT Gy 0 45 1 F
AP, T aE G 2 AR AR CD8 T T 41 il A &
(400 SR R A Y B RE X T IL-21 £ Bt SIV/
SHIV g g i i AE FIBF 98 AR 2 . AWFSE e T 1021
7S SHIV & YL s 4h JF il CD8 " T 41 g 43 b IFN-y
7K, DI 3 48 TL-21 4 A0 75 5 03 35 4 S 1) 4
8 B 5 1) ) 1 2 R, R A IR S R B 1 B
g8 HIV g 528 1 1 T ik S22 2%

1 ##mAE

1.1 #RASRIR

{8 FEAGE AT SHIV 550,000, B 1Y T [E B A EDTA
PUEE4 I
1.2 FEH

Mouse anti-monkey CD3 Ab ( Invitrogen ),
Purified anti-human CD28 Ab (BD) ,APC anti-human
IFN-y Ab ( BioLegend ), FITC anti-human CD4 Ab
(BioLegend) ,PE anti-human CD8a Ab (BioLegend) ,
Brefeldin A ( BFA) ( BioLegend) , Triozol ( Invitrogen ) ,
AMV [ 5% s il RNA B0 57 \Ex Taq DNA 54 il
(K#EFEAY)) ,thIL-21 (Invitrogen) , Monkey IFN-y
ELISA™ kit ( Mabtech ), ik [ 40 Jfd 23 B & Ficoll-
Paque™ PLUS ( GE), RPMI 1640 5g 4 3% 32 3£ (&
10% FCS.2.5% NERFREN 1% 075 & HEIR 2% M
i) o
1.3 RT-PCR 3| #i&it R & B

T A IFN-y 2L P 1T e S 90 0% 91 43
5'-GCTTTTCAGCTCTGCATTGT-3"#11 5'-CGACAGTTC
AGCCATCATTTG-3',GAPDH | F 5| 4 5517 4y
A h 5'-ACCACCATGGAGAAGGCTGG-3' f1 5'-
GGATGATGTTCTGGAGAGCC-3', ir & 5l ¥ ¥4 |
Invitrogen 2\ &) & ¥ o
1.4 4MEM CD8' T HBMME S H

O3 B A ] i B AZ A (PBMCs ) L JH CD8 ™ T
20 i BH 4 #%% ¥k CD8 microbead kit nonhuman-primate
( Miltenyi Biotec) 43 3% H CD8* T 4H il . 57 RPMI
1640 5% 4 15 R H B F2 T 37°C 5% CO, WA, % 1 .
1.5 ELISA #& IL-21 S CD8" T dMpazs £k
Bk IFN-y K E

JH RPMI 1640 52455 598 PBMCs W E K 1.0
x10°/mL,24 FLA AP AL A 1 mL, L4500
AO0,1.,5,10 Fl 15 ng/mL IL-21 1 1 wg/mL anti-
CD3 #ill ¥ 48 h Jo, W £E 40 i 15 5% b g W, W H]

Human IL-21ELISA MAX™ Deluxe SET ( BioLegend )
G b3 W TFN-y B9

1.6 RT-PCR #il] IL-21 55 CD8" T #fi fd IFN-y
mRNA ] 5% ik K F

A1 wg/mL anti-CD3 F1 10 ng/mL TL-21 #i| 3%
5.0 x 10° A g HEAE AR YL bt CD8 ™ T 4 Jifg 48 h, []
B LUK R ) CD8 ™ T 448 Jfd /F A B 1 % B, TRIzol
AR AN LR RNA . % RNA 300 4% 5% 5 i cDNA, LA
cDNA Bt , PCR 434 IFN-y JEH - Be, ¥ 3 (K
%N 20 wL, H: 7 10 x Ex Taq buffer 2 pL,dNTPs 2
pL Ex Taqg DNA ® & 0.2 wL. | F #7514 (20
PM/pL) £ 0.8 WL, cDNA 2 pL KB LB FK 12.2
plo 2R &4 H 94°C 5 min,94°C 30 s( x35) ,60°C
30 s( x35),72°C 1 min( x35),72°C ZE#H 5 min, H
PCR ;=¥ 5 WL, 7E 2% B g BHEE I b e ik .

1.7 HZmARAE AL H IL21 55 IFN-y [H &
CD8" T 4HpaE 4 Lt

FH 5242 15 32 3598 PBMCs ¥R 1.0 x 10°/mL,
L —  FUEH 1 pg/mL anti-CD3 A1 1 pg/mL anti-
CD28 W7 PBMC 1 h, #5976 A 10 pg/mL
BFA J51.2.3.45f16 hfitA 10 ng/mL IL-21, £
¥ . CD3/CD28 4 .IL-21 41 .CD3/CD28 + IL-
21 41, IF a8 (A X 4], CD3/28 41 fll CD3/28 +
IL21 200 S m A 1 pg/mL anti-CD3 + 1 pg/mL
anti-CD28 % & 48 h /5, IL-21 41 f1 CD3/CD28 +
IL-21 48 5 A 10 ng/mL IL-21, 4 |- P9 40 34 75 52
SRTS h A 1 wg/mL BFA,

WEE L WG, | e AT 4 anti-CD8  CD3 Ab
Jets JEEFE M 2E. &G, MM anti-IFN-y
Prik . K 4 IFN-y /9 CD8" T 40 L ir 5 A A
g1,

1.8 HIHZEFHE

Bl DA K « AR ifE 22 KR, W Prism 5.0 48t
BAFHAT Mo A ARG bR LE BT ¢ KB, TTROR
P <0.0001, "#/m® P <0.05,

2 H#FR

2.1 IL-21 %% SHIV By CD8™ T 40 & i
IFN-y K REERIRESH

A H IL-21 i3t , CD8 * T 41 it 43 s TFN-y 14
8 1046.97 £60.61 pg/mL, 4 TL-21 f# ik BE M 1
ng/mL AN F] 10 ng/mL i}, Hif YLy CD8 ™ T
YA B 43 6 TFN-y [ S -t AH 3 i, IF 7€ IL-21 2 10
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ng/mL [ TFN-vy 433 & 35 FI) i {1 (3280. 17 +267. 42
pe/mL), 5 5 ng/mL IL-21 i S Y IFN-y 43 i &=
(1406. 93 +£345. 84 pg/mL) #I b ,10 ng/mL IL-21 i
S0y TFN-y 73306 5 B SR 14, P 22 18] 1Y 22 5 A &6
P2 X (P = 0.0018), {H 15 ng/mL IL-21 % S
B TFN-y 43 W 5 (2964. 40 + 135.92 pg/mL) 5 10
ng/mL IL21 @{ Wi, Z R LHRItF=BE XL (P =
0.1423)(E 1),
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Fig. 1 1FN-vy concentrations in the culture supernatant

of CD8 " T cells stimulated with IL-21 at different doses

2.2 HERE IL21 RIMEF RS CD8™ T 4
B R A LL 8

FEBRAT A TIL-21 Z i), AN 2 IE 5 i J2 Jik e
B CD8 " T 4 i, ¥ 7= A — & it il /K °F () TFN-y
(972.39 +262.36 pg/mL vs. 1118.32 +232.31 pg/
mL), B #ZR AR EE(P >0.05), 10 ng/mL IL-
20 fh BT, R CD8 T A 4 W Y TFN-y
(3019. 58 +203. 09 pg/mL) W] B A% FIiE% % CD8* T
41 Jg ( 7510.25 + 437.76 pg/mL) (P <
0.0001) (& 2) .,

8000 -
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IFN-y (pg/mL)
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Fig. 2 1FN-vy concentrations in the culture supernatant of

healthy and infected CD8 * T cells induced with TL-21

2.3 IL-21 R IB/FIEFE MBS CD8" T 40/ 4 i
IFN-vy i bk 4%

RT-PCR J7 36K 45 BLUE 52, IL-21 5 S 41 IFN-
v mRNA (1) B BR P W] 35 m (K 3) .

IFN—y GAPDH
M T = ¥ -

750 b
500 bp IFN—y (405 bp)

GAPDH (309 bp)

B3 RT-PCR il &% CD8 " T
ZME b IFN-y mRNA [ 3%
Fig. 3 Expression of IFN-y mRNA in the infected

CD8" T cells by assayed by RT-PCR
M. 2000 bp marker;“ +” . Stimulated with IL-21; “ -7
Unstimulated with TL-21

2.4 IL-21 ¥ J5 CD8" T 40 ff1 5 iib IFN-y &
5 HT

T 2 11 T SRR D R A T 4 i PR T O
W FRATE B T O R ] AR HEAT RN . 45 OR BOR,
BEE TL-21 Ja0 s ) (9 4 4, 43 0 TFN-y (1) CD8 ™ T
MY A o e B W kg (1 4) IR FE R 4 h B A
B e Bl 20 R R, B 5 RICh IL-21 433 CD8*
T 4 4 h i X .

25r
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Fig. 4 The percentage of IFN-y-positive CD8 * T

cells after different times of IL-21stimulation

IL-21 i S 5552 PBMCs 48 h J5, b Al i U H A
A AN [ 98 45 8, 43 6 IFN-y () CD8 ™ T 41l Jfd
fr 4 CD8 ™ T 40 e () & 7 te o 5 BT X B 41
[(0.28 £0.08)% ] #H I, CD3/CD28 4 [ (1.55 +
0.15)% ] 1L-21 41 [(0.74 £0.10)% ], CD3/CD28
+IL21 BEA 40 (2.04 £0.20) % ] ¥ RE1%E S TFN-y
FHAE CD8 ™ T 41 i AT & (% Lo ) 38 i, FLAF 76 G it 2%
2% 5 (P <0.0001) . Bl IL21 4% IFN-y
FIKMVE R 59 F CD3/CD28 41, {H1E CD3/CD28 [y
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Fig. 5 The percentage of IFN-y-positive CD8* T
cells stimulated with IL-21 for 4 h

25F
KK

ki
= 20F
*o L ok {
a ' 1
@]
2
= 1.5F
%
=3
a
i
é 1.0}
E —
=
<
=
5
S
-9

. NC ’ CI-).3/C.S;8 IL-21 CD3/C‘D28+IL—21
Stimulation source
6 AN TRIRECE 5 5 (1) IFN-y
FH4E CD8 ™ T 40 i 1 Lb 4%
Fig. 6 Comparison of the percentages of IFN-y-positive
CD8 " T cells treated by different stimulators
(CD3/CD28, 1L-21, CD3/CD28 + IL-21 mixture) ,

detected by flow cytometry.

PRIA R IL-21 W] DL 25 & IFN-y i 3R3K (151 6) .
3 itig

I PR B 8 BN AE HLAR BT HIV/SIV g e rp B
AAEE ELERMER o 4 M S e 7E 5 0 B 2
EBHR R AR I E A3 EE S . SHIV,/f ] A A5
RUARNAEIER S0 CDS ™ T 41 2 5 0y Hi s 75
GaRE RIS, TFN-y J 058 28 45 o -l o 3 2 10 4 38 3
AT, B O R, G R I R B A0 B S 8 B
PR R, 559 B M 1) ™ B R B RURURE 06 . CDS T
T Y2 TFN-y & i EE M| . AR T
IL-21 %f SHIV &%t CD8 ™ T 4 fifg 43 W IFN-y f 1
F L A B ) B 2 AP 15 35 6 % T 72 25 TIFN-y BB
X4 LR ST TL-21 fEJ# Y IFN-y (7% 4, 428 IL-
21 ZEHLIAPT HIV/SIV e v % 45 BUL (4 5 0

IL-21 HLA {2 ke CD8 T 41 43 b IFN-y 14
YERT . CD8™ T Jhk 4 4 M 2 1% P == 2 A0 5% 17 40 ., F

FEF RSN R IL-21 AT CD8 T T 4 = 2k
IFN-y'* 438, TL-21 %F 1E 3% #9 CD8 ™ T 41 iy i
S IFN-y SR A . (BARSOR AT TL-21 i %
SHIV J2% Y i y] 6 41 8 1. CD8 * T 410 it , #F 5% 1L-21
XF SHIV J& YL (1) CD8 ™ T bk I 40 i 35 5 IFN-y 1 g
J3, 0N 1 AT, 10 ng/mL IL-21 i 5 SHIV & 4L fd
WA i CD8 ™ T 40 Jifl 43 W6 IFN-y Z0H e 4%, If
AR A, B 2 ] UL 8 A R R Y IL-
21 4393 S 15 % AR YL 9 CD8 ™ T 4l i, Wi # 7= 4=
() IFN-y Y8 A A F2 B ) 4 o HIE# () CD8 ™ T
YAy 6 1Y) IFN-y g 3 T e CD8 ™ T 41
Hi o 5K SHIV B YL R 4352 mg 17 CD8 ™ T 41
LA RN B RE . ASBIFSY 45 R — 7 HHIESE T IL-21 11
BT DAFE — R bk A Bk ) CD8 T T 41 i 3
fiE , [ B 36 B, Bl TL-21 1 AN il 5 4= 4 1F Bk 2k 11
hfe, LUa 76 IL-21 5 U FA/E A B3R ABESE
AR, e 5 IL-15 5 IL-18 41 & i A A,
o7 YT A D R 3R 20 S A0 4 TFN ™
IR HLHI AT o B RT-PCR 75 A mRNA
JKOPAG I (A 25 5%, 5 0 H ELISA J i AR 1 i 7K OF
o ) 45 R — B0 .

AN T 1) 25 A 455 35 5 R fi 5 B I 2 ) TL-21 35
(e CD8 " T 4l i 7= A= IFN-y MY fE J1 . H #i, Xt
20 L S g I IY C 28 A7 TE 22 R B AR T ik i O =X
MR A 2 @5 e g e ny fe . N H A i
0L PR R ) X TN =y 8 A6 00 7T L ok 3F fh Bt
JRE S P 1 A0 B e e KO o AR BIE g R S R
il TL-21 5 5 PBMCs J5 , 45 AR 52, 5 x5 i 28 4
b, IL-21 40 .CD3/CD28 + IL-21 I 4 41 v 43 W TFN-
vy 1) CD8 " T 41 fr (& Be i B o 38 hin , AR AE Ge it 2%
FWZESR (P <0.0001), BEAb, #E AU 56 FRAT]
U L3 T AN [R) 0 38 st ) 7= 26 IFN-y 1 fE 1. 455
FB 4 h Rl CD8 ™ T 40 N TFN-y & i 1) fi
A ], PRI TL-21 b SHIV./ 8 0] 4% 45 0 i) 4
PEATA P AER, AL 575 % TIFN-y =44 ¢
R 38 43 B TL-21 WYPUHG B 4F FH v 75 k47 iF— 25
5% o

g5 ik  ARBESE & B IL-21 il 5 g% CD8 ™ T
200 60 %) Ty 8 A & 4 L DR 4 R VR L, AR L
Hlr e 5% % IFN-y i A X, AW g R
HIV/SIV &Y (367 S48 107 i S8
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