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JE fu ik & dm e, A ET Thl fmfe e % e B F Rk 69 %o, 4 R A9, REIREH ChIFN-y
45 ChIL-2 ¥ ¥ L4 Thl @mies4eAn X mie B T 4945 FK-F, RAAERBORE S A A 12.5 pg/mL F=
25.0 pg/mL. A& H ChIFN-y #= ChIL-2 5 %] 5 HON2 RF R IR, VA TR ALK 24 7 X L&
FA4F % g7 R AR (specific pathogen free, SPF) 2, A& LAt Thl e 1bA48 X fa o B F R ik 69 %5 h .
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Abstract: This paper aims to explore the effects of chicken interferon-y (ChIFN-y) and interleukin-2
(ChIL-2) on type 1 helper (Th1l) T lymphocyte differentiation. To be specific, ChIFN-y and ChIL-2 were
first expressed in Escherichia coli competent cells and then purified by Ni-NTA affinity
chromatography. Different concentration of ChIFN-y and ChIL-2 were employed to stimulate the
lymphocytes in chicken peripheral blood which had been activated by concanavalin A (Con A), and the
mRNA levels of cytokines related to Thl cell differentiation were detected by real-time quantitative
PCR (RT-gqPCR). The results showed that both ChIFN-y and ChIL-2 can significantly up-regulate
mRNA levels of cytokines related to Thl cell differentiation and the optimal concentration was
12.5 pg/mL and 25.0 pg/mL, respectively. In addition, specific-pathogen-free (SPF) chickens were
immunized with ChIL-2 or ChIFN-y together with HIN2 vaccine, or HIN2 vaccine alone by oral
administration or intramuscular injection, respectively. The mRNA levels of cytokines related to Thl
cell differentiation were detected after immunization. The results showed that ChIFN-y and ChIL-2
significantly up-regulated the mRNA levels of cytokines related to Thl cell differentiation induced by
HON2 vaccine compared with HON2 vaccine alone, and that the intramuscular injection was better than
oral administration. In this study, we verified that ChIFN-y and ChIL-2 can significantly enhance mRNA
levels of cytokines related to Thl cell differentiation induced by ConA or HIN2 vaccine in vitro and in
vivo. The results of this study can lay a theoretical basis for using ChIFN-y and ChIL-2 as vaccine

adjuvants.

Keywords: chicken interferon-y; chicken interleukin-2; Thl cell differentiation; cytokines; vaccine
adjuvant

ERBEIHE Z R PE W RPERM, AFEN WM TR EESSw, Wik, HERZ
WA TR AFHRY MEVAERMBUR PG A 0t R B 5 O
BEALA 2 S I 2R, SRRk . JCRIVE THLER (interferon, TFN) J2 4l 78 45 5 4
B A 0 i 2 R B TR A SIRYT BT I niUEE RNA (double-stranded RNA, dsRNA)
AP N AT A RO SR A AR R i — 2 B PR R IR R 4 TR
PERUR, AT PR G R N A B S A SRR, T 274y 20 kDa WM 11, 1 Isaacs fll Lindenmann

http://journals.im.ac.cn/cjben



N FMFHEy SANE 2 WSEMP Th HEESHEXAMREFRIZN

T 1957 AFEUCRBL, HAPURTE . PO A4
PEPEATVE P, Hop T4 & v (interferon-gamma,
IFN-y) JeMi—p MBI THER, 5 1 BT RM
P, BARERPUREEERESS, HEAaEi e
FREC R, n] P E Z R0 A M S RE . AR
G R AR RE R R T T R4 KW,
IFN-y EZRIEFIELAY Thl 40, CD8" T
M. EARAGAN (natural killer cell, NK)
FH A 200 (antigen-presenting cell, APC)®,
EREBOE B AN, T B A S A
AWK (major histocompatibility complex I,
MHC 1) 93k 2 fe s b R A #4520,
S0 R E A — AL A A R A, S Tho
Yifara Thl 20001k, FE20 M Sy b R E 4
ER, HAWEmZa s, ans 2
(interleukin-2, IL-2) J&—7F Th1 BUAHHEN ¥, &
il CDA' T 41 Al NK 4iiffgr= £, 1L-2 £
FEXTRONE T bk EL A AR 5P T ke 4 i B
SR E RN L2 B9 E R R R
ChIL-2 5L 3l IL-2 092 L FR 7 41 [R] IR A AR
ik, HEMAKINES T 4l is s B Fintt S
WFL B4 IL-2 M Th 4k 44k T 41,
F= 53 TIFN-y /I IR FE IR o (tumor necrosis
factor o, TNF-a), IL-2 ¢ R T, AN S
Je T A E AR O ) A B 5 10 25 KGR K B R AU
I, B (55 0E 24 AL PR X D AR Gn o B RN A B
ook HEE E RN

ChIFN-y fil ChIL-2 /2 & JE R IR A s )5 15
N7, EAWSEEM, ChIFN-y fil ChIL-2 5%
BIEAT, AE W Y R A S RCR L
TR 21 L G 2 A TR B e g 241> (LA ML
A FREiE— 22 W .

AL Th 4 AT 7346 TFN-y H1 TIL-2 S84
MR, PO REANE (MEVEANE . B 41
FI CDS 4L PE T bk CLAN ML), 7 4l i S i v
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KEEELWMHEM . TS ChIFN-y A
ChIL-2 A g2 B A% 50 XoF 40 J 6 2 14 42 4 2
iE Xt Thl AR RSB, AR A
S22 E R A BE XN
fluorescence quantification polymerase chain
reaction, RT-qPCR) J7{%, X} ChIFN-y il ChIL-2

YER MRS HON2 KIE S Bk & 1 355 1Y
Th1 4 73 A AR 5 4 IR 5 5% oK 7 217 A
0, LAY e 1Y R 4 A i S A AL,
FAE D i S BEARE TR AE I PR L 19 1o 4 1t B0
s o

1 #RE57E

1.1 AL, SHRMMEMREFERIEHR

pET32a-ChIFN-y 5 pET32a-ChIL-2 JFikr
KBFF# BL21., KJEPE D RH#E (vesicular
stomatitis virus, VSV) . L4l & (DF-1)
A SEIG % PR AE 5 4 SR SPF XS Tt sh
MRS BB RS T 4R 30 A= W) H R PR W) s HON2 B
JE B AE P B PR b B (5 1 WU R A BR 2
Fefit.
1.2 FEKFIMLE

Trizol I B FEBR CHHRBHE AR %%
K M-MLV . RNA B 55 P9 5-B-D-if
L ZUBEFE  (isopropyl-beta-D-thiogalactopyranoside,
IPTG) I A Promega /A 7l; WA FRIES
(dNTPs) . 2 5 M i W& IE  (oligo dT) #1 TB Green
Premix Ex Taq 111 H KiEFEAEY TREARA
A3 UYL AR 1 Marker 14 B 6o SRR E R
AR E; RPMI 1640 4 FR3E . B4 7
(fetal bovine serum, FBS) Il | Gibco 23 ] ; Cell
Counting Kit-8 filliXH & A FigE = KA
WIEARGR A ; JJEEREH A (ConA), ZF
T 7 2 BRI XS A1 A il bk B A0 A o3 250 S A
R ERH A FRAF]; RNAprep Pure ML

(real-time
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A RNA $RBGH & A3 R AR A
BRAWE; ASLWITASI Y HAETAY TR (&
W) By AT BRS FI A . Scientz-TID 75 i 4
ML HS-3 IR G4 A T 24
YR e A FR 22 v 5 NanoDrop 1 000 8 7 i
S IEEEE T FIEEAR (Y% A Thermo Fisher 23 ] =
i BERC S RS F BioRad A H]; 7 500
Real-time PCR ¥l F ABI 23 H] .
1.3 ChIFN-y 1 ChIL-2 BURES L EE
055 M ZE

¥ pET32a-ChIFN-y 5 pET32a-ChIL-2 T4
BRI AL 2 R AF R BL21 B2 5410, %A
RAEHFEZMNPE LB BAEHIEET 37 CF
AR 12 h BREE N, RIRREE R AN
B RMPME LB WIARE SR B R & Rl
B b T AR (10 100) #ERE 2 L 1
HONHEBHERMPEN LB WK R, BT
FERH (37 'C. 200 r/min) £53F 2K ODggo
7 0.8-1.0, MMAZHEH 0.5 mmol/L i IPTG
Y5 RIA 8 h, WA TRACHES 1l 75 AR O 500 3R
AL, SR 6 mol/L £h R MUK Ao e A8 1
FIH Ni-NTA #:-AKTA FPLC RG:i4ifbE 1,
SDS- 2 P4 45 I il %€ e HL Uk (SDS-PAGE) 4 I
HRE AWM RBEN . #4ifb/5 1 ChIFN-y il
ChIL-2 VRS 4 ‘CORAF, 435 FH 4 f s 722 4
HEEH Cell Counting Kit-8 A6l 71 & ) & T
20 ChIFN-y fl ChIL-2 fy4E¥)2# 061 .
1.4 ChIFN-y # ChIL-2 ZE{RINKFE L3t
BINEMA Thl 4RBE 5 1CHE X AR E F#Y
AU

KR AE SPF X9 ARE I (& huEE), A
FHXG A i i b T 4 23 125 35 6 o0 s b ] it ik
ELANAE, LN 2 5%x10° 4 /mL, SRJ5
AU E 10 ug/mL Con A #illi# 48 h (37 'C . 5%
CO, 551 F)o BRI AL, ALV
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JEZE 5x10°/mL 3] 6 FLANES 74 b b
& (37 C. 5% CO, 4444 F) 8-10 h, Kpalifb)5
JCAHE K () ChIFN-y F1 ChIL-2 435X 0. 0.1,
0.5, 2.5, 12.5. 25.0 F1 50.0 pg/mL ¥ B A
2 6 FLANMEE =M T, W E 24 h J5 B O IR
Mi. Trizol #L#EHUANM B RNA FH I Fk R
cDNA, RT-qPCR Lz Thl #5310 AH G
JitL D5 mRNA % 5% /K-, i i o A Rk
3 U A R B 1) ChIFN-y B, ChIL-2 3|8 bk B 41
Mo, FEASIAIEL 6. 12, 24, 36 1 48 h J5 Thl
20 43 AR R S 4 DR F Y mRNA 55 52K,
S T A (]
1.5 RT-PCR ;ZN A0 E FHI%E F

PR B RNA R cDNA, SRH
RT-qPCR 74K Th1 20 i 54k FH & 40 i B 1)
mRNA F 587K, UL B L& (B-actin) KL
YENHNZ . RT-qPCR W FEFF A 95 C 30 s,
95 C 55, 60 C 34s, 40 PMEH; 60 CUttER
I o SR 27T RSB AL X B 4] mRNA %%
SRS, Hid peactin, IFN-y. TNF-a. {5
ST SESEOE N T 1 (signal transducerand
activator of transcription 1, STAT1), IL-2. F4©
% 12 (interleukin 12, IL-12) . 142 18 (interleukin
18, IL-18) #i1 T-bet ity RT-qPCR 5| ¥ 51 WL 3 1.
1.6 ChIFN-y # ChIL-2 ZFE{RRAKE Xt
BINEMAF Thl ZRBE 5 14 HE X AR E F#Y
A

W 4 JA A SPF XSBENL A 6 4,5 /4,
SIS Ay A A e g R NER 2 R o ¥ ChIL-2
(25 pg/M) B ChIFN-y (25 pg/¥)) 43515 HON2
RIEFER A, LAE R . LR 9 0 7 X b e
SPF 3%, [] i} 4 37 Bl HON2 K 35 9% 1 4H )2 PBS
HAEXTHE . T 12, 24, 48, 72, 96 #I
120 h J5 AP 3 1, #EIKCRESNAE
o, $EECLE RNA, ¥R cDNA EFIA
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& 1 RT-qPCR FFASI¥FSIFE
Table 1  Primers for RT-qPCR

Gene name Forward primers (5'—3") Reverse primers (5'—3")

p-actin CACAGATCATGTTTGAGACCTT CATCACAATACCAGTGGTACG
IFN-y ACTGACAAGTCAAAGCCGCACA TCGTTCATCGGGAGCTTGGC
TNF-a GGGAATGAACCCTCCGCAGT CCACCACACGACAGCCAAGT
STAT1 CTGCAGCGCTACTTTGCTGC GAACTGCGCGCAACCAGATG
IL-2 AACTGGGACACTGCCATGAT TCCTGGGTCTCAGTTGGTGT
IL-12 ACGTCACCAACAGTCAGAGC GGTCTTCGTAGATCCCCTGC
IL-18 AGAGCTGGAATGCGATGCCT CTGAAGGCGCGGTGGTTTTG
T-bet CAAGGGCGCATCCAACAACG AAGGCGAAGGTGTGGGTGTG

*x2 SPFEBOERRERR

Table 2 Grouping and immunization of SPF chickens

Groups Dose of the immune Immunization methods

PBS 0.2 mL /pcs Intramuscular injection

Inactivated HON2 0.2 mL/pces Intramuscular injection

HO9N2+IL-2 (oral) HON2 (0.2 mL/pes)+IL-2 (25 pg/pces) HON2 intramuscular injection+IL-2 oral
HON2+IL-2 (i.m) HON2 (0.2 mL/pcs)+IL-2 (25 pg/pces) Intramuscular injection

HON2+IFN-y (oral) HON2 (0.2 mL/pcs)+IFN-y (25 ng/pcs) HON?2 intramuscular injection+IFN-y oral
HON2+IFN-y (i.m) HON2 (0.2 mL/pcs)+IFN-y (25 pg/pcs) Intramuscular injection

RT-qPCR 75K Th 20 i 434k AH OC 20 1 - 1
mRNA 555K
1.7 BELERGITHEFEST

K 27kt RT-qPCR Y45 SR 17 Hc 3
AT, TR SIS AT BE 4 B] mRNA 5% 22 5
{580, f#i Fl GraphPad Prism 9 3K {4 UEAFVER
F£F Microsoft Excel #4748, Frf %
BILLZE A 3 NS X+ Fon . AL [H]
B HE R H AR A t-test K3 5 (unpaired,
two-tailed Student’s t-test) 1 2E 7 W&, *.
P<0.05, **. P<0.01, ***. P<0.001, FFkk
Fon 22 5 0 SRR, LR AR RS PR R R 22
SARE (P>0.05); A ME/NEFERR
ZRARE (P>0.05); ZHIE14G AH R 7m0 KN
HAREREZRBE (P<0.05), 4EJICHIFF
(KES/INE) FREFNEE (P<0.01),

: 010-64807509

2 X504

2.1 ChIFN-y #1 ChIL-2 fyFRiA4i 1k B &M
M ZE

K IPTG %} 5 4 pET32a-ChIFN-y/ KT
B BL21 5 pET32a-ChIL-2/ KA AT BL21 ##17
WS IFx H & 11T SDS-PAGE 43r#r, 45
mE 1 s, WE 1 e UEH, BEA
ChIFN-y Fl ChIL-2 =Rk, 3 iR A wEIAR R
M 40%Lh b, o F a7 30 kDa £47, £F
B K/ Ni-NTA SEFZHT2640 5 1Y) ChIFN-y
M ChIL-2 257 H—, 4ifEFik 96%LL o FilHH
A g 254 I % ChIFN-y 7E DF-1 4 b3t
KWHE O R (VSV) BT ME, 45 BoR
ChIFN-y 7£ DF-1 _FHT VSV i&1: K 2.5%10° U/mL.
FIFH Cell Counting Kit-8 #6037 &0l %€ ChIL-2
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R SR XS A 2L AN ML A P 2SR Nk 3 TR,
5 RPMI 1640 X FEZHAH ., ChIL-2 A2 25X bk EL 448
HeL$ 58 3 1 R ik 10° U/mL.

2.2 ChIFN-y #1 ChIL-2 ZE{KSMKF Ext
BINEMAF Thl 4RBE 5 14 HE X AR E F#Y

A
2.2.1 ChIFN-y FE{&SM7KFE 333840 & I A

Th1 #HAE 53 1L HH X 4R E F R #200

T T [R) Mk BE 4 ChIFN-y 4 47 3384 46 &1 J&
MR ELZHAE 24 b J5, XF Thl 40853 f0AH 4 i
K7 #9 mRNA #% 5% /K-F 47 RT-qPCR il , 45
AN 2 Fiis o AJRlHE ChIFN-y Bl Al F
W IFN-y, TNF-a, IL-2, IL-12, IL-18, STAT1
F1 T-bet 55 Th1 4 Mo 53 fb AR OC A ML A+ 19 mRNA
BEsEKOE, Hob 12,5 pg/mL % B2 B HO80R B

1 ChIFN-y 5 ChIL-2 EARIFRILGAL
Figure 1

£, &40 T mRNA % 55K B iR
=, 5 PBS XEE4I 2= R B (P<0.001 H P
H /N0 24 ChIFN-y L 12.5 pg/mL B Ak i
XS A JE IR L AT A 24 h S5, TNF-ac, STATL,
IL-2 1 1L-18 ) mRNA % 5% /K743 J& PBS Xf
MEZHAY 65, 20, 15 F1 11 524,

i1 3 ChIFN-y MEAERIBORE S, FAT]
NIRRT ASEH A [ %5 Thl 40 5 F6 AR 5% 40
HLP 7/ mRNA 5 SRR 2, 45 3140
K 3 iR. 5 PBS XTREAIAHEL, 12.5 pg/mL )
ChIFN-y il 6. 12. 24. 36 #1148 h J5¥wl I
¥ IFN-y. TNF-a, IL-2, IL-12, IL-18, STAT1
F1 T-bet 5 Th1 4t fd 53 fbAH A ML+ 79 mRNA
e oK, (RS [ Y e AR ], o
STAT1., TNF-a . T-bet fil I1L-18 iy mRNA #% 3% 7K

Expression and purification of ChIFN-y (A) and ChIL-2 (B) proteins. (A) M: protein marker; lane

1: ChIFN-y samples before IPTG induction; lane 2: ChIFN-y samples after IPTG induction; lane 3: purified
ChIFN-y after Ni-NTA affinity chromatography. (B) M: protein marker; lane 1: ChIL-2 samples before IPTG
induction; lane 2: ChIL-2 samples after IPTG induction; lane 3: purified ChIL-2 after Ni-NTA affinity
chromatography.

&3 ChIL-2 BWEMFEYE (REEINEMMKEMARIGTE) KNEER

Table 3 The result of biological activity of ChIL-2 (promoting the proliferation of lymphocytes in
peripheral blood)
Item Dilution ratio NC
101 107 10°® 107 10°° RPMI1640
Ayso 0.602+0.016 0.616+0.035 0.791+0.035%* 0.838+0.039%** 0.908+0.080** 0.641+0.115

**: P<0.01.
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IFN-y TNF-o IL-2
20r 80 20
= *kok = o = ok
% 15} 5] 3 60t iﬂ 5 15} iﬁ
é 7 z Aok
(2.4 =4
g g 401 g 10 PP Rk
2] 2] ]
= 8 20 7 *% = 5k
7
z z e Iﬁ 2 -
157 e || =
0.0 0.1 0.5 2.512.525.050.0 0.0 0.1 0.5 2.512.525.050.0
Concentration (pg/mL) Concentration (pg/mL)
D E F STATI
2571 15 IL-18 251 *k
= ) sk =
2201 3 3201 xonk
" < 10 <
<
Z 5 kR 5
né E Lt = ks
N g ok d>)
2 £ sf £
= = =
X 2 = 2
i o LEA =]
0.0 0.1 0.5 0.0 0.1 0.5 2.512.525.050.0 512.525.050.0
©
= == (0.0 pg/mlL
% 5l = 0.1 pg/mL
<Zt ¢ = = 0.5 pg/mL
“é ez )5 ng/mL
5 g = 12.5 pg/mL
Z1F = 25.0 pg/mL
= = 50.0 pg/mL
[
0

0.0 0.1 0.5 2.512.525.050.0
Concentration (pg/mL)

2 A [EIIRE ChIFN-y R4 E MLi# B mAe 5

Figure 2 mRNA transcription of cytokines rel

Th1 4553 118 X 28 A8 E F B9 mRNA BY3E 5%
ated to Thl cell differentiation induced by different

concentration of ChIFN-y in vitro. Peripheral blood lymphocytes were stimulated with ChIFN-y at
concentrations of 0, 0.1, 0.5, 2.5, 12.5, 25.0 and 50.0 pg/mL, then cells were harvested after 24 hours and
total RNA were extracted for RT-qPCR assays. (A)—(G): the mRNA transcription levels of IFN-y, TNF-a,
IL-2, IL-12, IL-18, STAT1 and T-bet induced by ChIFN-y, respectively. The data are presented as X +S (n=3).

(unpaired, two-tailed Student’s t-test) *: P<0.05; **:

AT R 6. 12, 24 1 48 h J5ikUE(E; 1M

IFN-y. IL-2 #1 IL-12 /) mRNA ¥ 5% K-35 F i
W36 h JEikIE(E .,
2.2.2  ChIL-2 7&K _EXF385ME M Thi
4 A 43 0 48 =< 4 A T B9 2 1

K FHAS i) 9 £ Fty ChIL-2 T 354 %% A1 J0 1 ok £

: 010-64807509

P<0.01; ***: P<0.001.

Y 24 h J5, XF Thl 408 5Tk AH 5 40 i X 1)
mRNA #55KFE3EFT RT-gPCR i, Z5 540
Bl 4 Frs. AW ChIL-2 FE AT i
IFN-y, TNF-a. IL-2, IL-12, IL-18, STAT1 1
T-bet % Th1 2l 53 fLAH A L N/ mRNA
BE K, Horb 25 pg/mL v B B SRk SR F A
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A AL 1 mRNA B 5f K B EoR s,

5 PBS XMl 2= R @ ¥ (P<0.001 H P {Hix
/N 24 ChIL-2 D) 25 pg/mL A fc f v B il v
SMEIMLKREL NG 24 h J5, TNF-a Ml 1L-2 B
mRNA 5 5% KF- E 455 512 PBS X REZH Y

19 580 17 f5 44

i ¥E S ChIL-2 [ fefEfl ok B 5, #0411 X
TR T AR (B X Th 4 24k AH 56 41 i
71 mRNA 5K sgmm, 558 aniE s pr
7o SR ERZHAR I, 25 pg/mL 9 ChIL-2 $3% 6.

B/
5

A IFN-y B TNF-a C L2
45 * Aok 2.0 k% 201 *%i
< 36 § Kook T>)
.°_>"27* ﬁ]i' 5= 7z 2 15}
£ ok k <
18 Z
z 8F 7 & Z ol
£ 10T & =
2 8r Z 2
5 6 k- g st
s L 5]
& g - =t - é dokk
o LE=m (== g NN 0.0 0 -
PBS 6 12 24 36 48 “ PBS 6 12 24 36 48 PBS 6 12 24 36 48
Time post immunization (h) Time post immunization (h) Time post immunization (h)
D or IL-12 B 5 IL-18 P oy STATI
= w3k = dokk 3
q>) il; E Seskok % 12+
< 20} < 2t < s
£ “ st Z 9
£ ETT ] g *i’f =] 6k .
2 10} Z 1t 2
TG)’ Ekok © % 3t
5 &k & = kdk ok
PBS © 12 24 36 48 12 24 36 48 PBS 6 12 24 36 48
© EEES
5 == PBS
2 al =6h
Z = 12h
oé eza 24 h
I =36h
2 2t == 48h
=]
[+
oz
PBS 6 24 36 48

Time post immunization (h)

3 ChIFN-y FIZ5ME it B 48 A B AT E] /5 Thl 48485 (L8 X ZHAE 7 B9 mRNA BY5%E %

Figure 3 mRNA transcription of cytokines related to Thl cell differentiation induced by ChIFN-y for
different time in vitro. Peripheral blood lymphocytes were stimulated with ChIFN-y for 6, 12, 24, 36 and 48 h
at concentration of 12.5 pg/mL, then cells were harvested at indicated time points and total RNA were
extracted for RT-qPCR assays. (A)—(G): the mRNA transcription levels of IFN-y, TNF-a, IL-2, IL-12, IL-18,
STAT1 and T-bet induced by ChIFN-y, respectively. The data are presented as X +S (n=3). (unpaired,
two-tailed Student’s t-test) *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 4 mRNA transcription of cytokines related to Thl cell differentiation induced by different
concentration of ChIL-2 in vitro. Peripheral blood lymphocytes were stimulated with ChIL-2 at
concentrations of 0, 0.1, 0.5, 2.5, 12.5, 25.0 and 50.0 pg/mL, then cells were harvested after 24 hours and
total RNA were extracted for RT-qPCR assays. (A)—(G): the mRNA transcription levels of IFN-y, TNF-q,
IL-2, IL-12, IL-18, STAT1 and T-bet induced by ChIL-2, respectively. The data are presented as X +S (n=3).
(unpaired, two-tailed Student’s t-test). *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 mRNA transcription of cytokines related to Thl cell differentiation induced by ChIL-2 for
different time in vitro. Peripheral blood lymphocytes were stimulated with ChIL-2 for 6, 12, 24, 36 and 48 h
at concentration of 25 pg/mL, then cells were harvested at indicated time points and total RNA were
extracted for RT-qPCR assays. (A)—(G): the mRNA transcription levels of IFN-y, TNF-a, IL-2, IL-12, IL-18,
STAT1 and T-bet induced by ChIL-2, respectively. The data are presented as X s (n=3). (unpaired, two-tailed
Student’s t-test) *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 6 Effects of ChIFN-y on mRNA levels of cytokines related to Th1 cell differentiation in peripheral
blood in vivo. SPF chickens were immunized with ChIFN-y (oral)/HIN2, ChIFN-y (intramuscular
injection)/HIN2 and HIN2 vaccine alone, respectively. Peripheral blood was harvested at different time after
immunization and total mRNA were extracted from lymphocytes for RT-qPCR assay. (A)—(G): the mRNA
transcription levels of IFN-y, TNF-a, IL-2, IL-12, 1L-18, STAT1 and T-bet induced by ChIFN-y, respectively.
The same capital letters between groups indicate no significant difference (P>0.05); the same lowercase
letters between groups indicate no significant difference (P>0.05); groups with the same letter and different
case indicated significant difference (P<0.05); no same letter (upper or lower case) between groups indicated

extremely significant difference (P<0.01).
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Figure 7 Effects of ChIL-2 on mRNA levels of cytokines related to Thl cell differentiation in peripheral
immunized with ChIL-2 (oral)/H9N2, ChIL-2 (intramuscular
injection)/HIN2 and HIN2 vaccine alone, respectively. Peripheral blood was harvested at different time after
immunization and total mRNA were extracted from lymphocytes for RT-qPCR assay. (A)—(G): the mRNA
transcription levels of IFN-y, TNF-a, 1L-2, IL-12, IL-18, STAT1 and T-bet induced by ChIL-2, respectively.
The same capital letters between groups indicate no significant difference (P>0.05); the same lowercase
letters between groups indicate no significant difference (P>0.05); groups with the same letter and different
case indicated significant difference (P<0.05); no same letter (upper or lower case) between groups indicated
extremely significant difference (P<0.01).
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