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Establishment of a DF—1 cell line stably expressing the IRF2
gene and its effect on HIN2 AIV replication
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Abstract To establish a stable DF-1 cell line expressing Interferon regulatory factor 2 (IRF2), this study first
successfully constructed a recombinant lentivirus targeting IRF2. Subsequently, the recombinant lentivirus
was used to infect DF-1 cells, and IRF2 overexpressing polyclonal cell lines were obtained through

puromycin selection and limited dilution method. The constructed cell line was subjected to viability assays,
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Real-time quantitative PCR (gPCR), and Western blot to verify the in vitro expression efficiency of IRF2.
Viral proliferation assays were conducted to assess the impact of this cell line on HIN2 AlV replication, and
finally, a dual luciferase reporter system was used to verify the regulatory effects of /RF2 on interferon-
stimulated genes. The results indicated the following: 1) Cell viability assays showed that stable expression
of IRF2 had no significant effect on cell activity (P>0.05). 2) Real-time gPCR and Western blot
demonstrated that the mRNA and protein levels of /RF2 were significantly higher in the selected cell line
compared to control cells (P<<0.001). 3) Real-time gPCR (P<C0.001) , Western blot (P<<0.01), and
TCIDg, (P<<0.01) in vitro assays confirmed that the overexpression of /RF2 in the DF-1-IRF2 cell line
promoted the proliferation of HON2 AIV. 4) The dual luciferase reporter system results indicated that /RF2
could significantly inhibit the activities of ISRE (P<<0.01), NF-kB (P<<0.01), and IRF7 (P<<0.05). In
summary, this study successfully constructed a DF-1-IRF2 cell line capable of stably expressing the IRF2
gene, which is able to enhance the replication level of HON2 AlIV, and provide a basis for the subsequent
study of the role of IRF2 in the replication mechanism of HON2 AlV.

Keywords H9N2 AlIV; lentivirus vector; DF-1 cell; IRF2

2025 4F 45 30 %

B % B (Avian influenza virus, AIV) & T
BB CBE 2 T B RNA R 2 o AR Js ATV 3T 1ML 5E
# (Haemagglutinin, HA) F1 #f 2 & W [
(Neuraminidase , NA) 3¢ JF AR AE , 7] DA 434 16 4~ HA
RO A NAME A AR ATV 8 B0, 7T LA
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avian influenza, HPAD F11{& 2 5 PE & i & (Low
pathogenicity avian influenza, LPAD , HON2 W %Y
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1994 45 1 IR UK, HINZ ATV — B 7E R F AT .
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IRF g2 2 A B 32 R 1 F i i sk R 7, 2
HZMAeY s B EREmpgs e
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— o A R A B R A R A A o 18
96 7 M i R E K IRF2 32X 1 DF -1 40 fa Bk , I 4
AR R T IRF2 2 #E HON2 ATV &2 Hl 917 H 0 s 4k
WF9¢ IRF2 8 4% HON2 ATV & il i AL 4 42 4 7 23
SCPE AL A T R BB X 3R T DF-1 40 i B 5R
HIN2 ATV $2 {32 50 B4 S R Al 45 o

1 MRS FE=E

1.1 REH R
1.1.1 @i RmEs Rk

HIN2 AIV., HEK-293T 40 g . DF-1 41 g |
LMH 4 fifd %' 2 B 4l 25 Btk pGL3-ISRE .pGL3-
NF-kB.pGL3-IRF7 . Z it ki pRL-TK | E % K ik
JE R pCAGGS-HA-IRF 2 ¥ f 5 Al ko A\ 3t
B B R R S M O RS TR = AR 18
5 A pLV-CMV-MCS-EF1-Puro ., U % i ki
psPAX2 Hl pMD2. G 2y I 158 8 R 2% 7 K 9 2 5
M . DH 50 J8% 52 25 2 B Ay B o o 2R 08 8 |) 57
1.1.2 XA

Jo R RO R [ U T 4 L 9O A
& ECL &G & A 3R Wi 2 55 R A ] 3
&I A e A MERE Y B s DMEM 20 35 5% B F 26
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Gibeo 23l s DNA B [0 & Ff OMEGA 2%
Al B4 25 ZE W H Biosharp 23 ) ; Nulen Plus Trans™
YR B TS A Y w5 18 B e A ) &
RIPA % W B 5100 & CHRP Anid i £ 50 B 1gG
W iR A RAEY A F ATV NP B4 H Invitrogen

23] s BUR IRF2 288 540 H Proteintech 24 H] o
1.2 REH*
1.2.1 314kt 54 m

R4l NCBI A 9 58 R B 519 51907
IR 1,

®1 SMEFIIER

Tablel Primer sequences information

EIRZER S J¥ 4 Jr B KB /bp &
Primer name Sequence Fragment length Application
F:ccgggatttggatct ATGCCTGTCGAAA PCR
pLV-IRF2 1047
R :catggtggeggatc TTAGCAGCTCTTG PCR
F:AATGGTTAGCGGCATTGGGA gPCR
HON2 ATV NP 86
R: TTTCTTCGGGTCCTTTCCCG qPCR
F:CTTGATGGCAGCAGTGAGGA qPCR
IRF2 148
R: TGCCAATGAAGTCGTCCCTC qPCR
F:AATGCATCGTGCACCACCAACT qPCR
GADPH 83
R: TCCCATTCAGCTCAGGGATGACTT qPCR
F:GACAGCCAACGCCAAAGC qPCR
IFN-« 128
R:GTCGCTGCTGTCCAAGCATT qPCR
F:GCCCACACACTCCAAAACACTG qPCR
IFN-B 115
R: TTGATGCTGAGGTGAGCGTTG qPCR
F:AGATGTTGAAGCCGAAGTACCC qPCR
OASL 144
R:CTGAAGTCCTCCCTGCCTGT qPCR
F:GGACGACCACGATCTCTGTGT qPCR
MDAS 176
R:CACCTGTCTGGTLCTGCATGTTATC qPCR
F:AAGCCTGAGCATGAGCAGAA qPCR
MX1 155
R: TCTCAGGCTGTCAACAAGATCAA qPCR
F:GCAGACAGACTGACACTCCC gPCR
IRF7 140
R:CCCAGGGAGTGGATGCAAAT qPCR

T /NG 80 [ R

Note: The lowercase sequence represents the homologous arm.

1.2.2 IRF2&@ B hHd

i F BamH 1 BR il 9 VI Bg , 76 37 ‘CE& 4 F X
H AR pLV-CMV-MCS-EF la-PuroR #F 17 HL i) , 38
U7 @ R o K e A N R EO Rl TR |
oKk S H Yk B A IR A S L T
37 CI[FMFE 30 min, T — 20 CHRAF . K EA=Y
BEAL 2 R SZ 25 4 DH 5o, B 5 8 A8 T 2% Bt Y
] 4 LB A 5 B % 0 1, Bk IBCBRL o B 1 95 IR 9 1
IR, AT B 0 OE S BT %O $R BT RL

pLV-CMV-IRF2-EF la-PuroR , f# 1 T — 20 Cvk 4
TR salE .
1.2.3 TARBRERKOMHEL K

W 2B K 0 B B9 HEK293T 40 Jifg X &) 4 Fh 18
5 cm 4 A 85 F% L, 7 40 M & R 2 ) K E 4L kL
pLV-CMV-IRF2-EF la-PuroR . psPAX2 il pMD2.
G 5% Ye 38 HEK293T 40 i , [R) B 3% 57 % A 25 2% 4k
pLV-CMV-MCS-EF la-PuroR Jy % B 20 40 ffg , % &
4~6 hiF , AT IR IR 0L B YL 72 hI AR IR R # T
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TH VR P e i e A R0 b v 4 )5 i — 80 °C
LA R H
1.2.4 1% 9% 7 4 5 m Je 0 ik

B K R DF-1 40 32 #h 2 24 7L 40 i iz
FrA KB BE IR B 90 0 I K18 9 75 5 R BEIR & 4%
P2 DFE-14000 . 55 3% 24 h )5 #0866 1% 55 5k 2k 2% 35
#2296 ho MBI E K H# 5 A 5 pg/mlL 1 IE
W g 2 A KO AT O S, 2 X IR A A AR AT T K
IR o 02 0 e AT 2 BE R AN S, FH A PR AR R ik
N4 5 55 S 79 200 R R A% AR 2 96 FL A0 i B SR Al AR
UERE AL KA O~1 A4 A, FH T 0 32 A= KW P 35 5%
10~14 d, W22 Pk BOA: KR B4 1Y) PR 200 i o e
28 24 LA, 157 200 L FLAS W6 )5 2R AT 46 7
1.2.5 IRF2 & W4 € & & #F DF-1 21 Jo 7% W 04

EAC]

% B2 DF -1 40 i 5 9 32 40 i DA 4 fL 1004
AMAEHT T o6 FLih e M K EAEHIE )R, T
0.6.12 124 h &L AN A 10 pL. CCK-8 ¥ , B iR
RS R JG TH R4 37 CIEE 1~4 h, B A5
ACF 450 nm &b A0 410 i FL OD A , i S £ 4 .

1.2.6 IRF2it & ik m i dk oy % &

1.2.6.1 qPCR¥M IRF2 B mRNA K W fExf
W2 40 i A O e 45 2 A9 4 i, £ B RNA 48 BiUR 57
AR U ML RNA I R 5% 5% 45 31109 cDNA /E
Me #E 47 qPCR ¥ 1 , qPCR # 9 51 ¥ GADPH #il
IRF2WFH I3 1w o W AT 8 : 95 °C 30 s;
95°C 155.60 °C 305,95 °C 15 s & 40 MEH s fe
60 °C 1 min, 95 °C 15 s 5 Bk M

1.2.6.2 Western blot Kz illl IRF2 & 117K F
TEAN ML S A AR 2 6 FLA P, % 8 DF-1 40 i b Xf
HEZH 20 B, A 40 B 80 %6 I, B i T PMSF 1)
RIPA 2 W vk b 28 20 L, hn A 5 1 A 22 o
100 “Chb B 5 3847 SDS-PAGE . B 5EKE (155 (1 5%
El % PVDF & |, 5% BHE Wk & ] 1 h, 2R J5 LA
IRF2 BLUR BT —HT (1:1 000 7 B D , HRP 4%
ICHYEHT R IgG g —H0(1:5 000 F B A 1) T 37 °C
ZWEE 1 h, i a6 ECL k24 & 61t B8 i f% .
1.2.6.3 IFAKIIRF2{EANE M FR oL K 0
TE (4 40 il DF-1-IRF2 ¥ 51 1% 4% & 24 FL Ak, 4 i <
T J5 10094 1) 22 5% B R i1 2 48 i 30 min, 0. 25%
Triton % X 30 min, 1 5% BSA £ 402 1 h, &K
e EHTH PBS Ve 40 L 3 ¥k, I IRF2 By 4y —

UL FITCARIC I £ 30 B IgG AR —h0 T 37 C &
401 D, ¥ 50 B # DAPLE (W, 6 % (2 5 min
Jii 1% Nikon % 6 /8] B 5 B8 T g4 3L

1.2.7 IRF2#5% % ik st HON2 ATV 3 54 49 % vk

1.2.7.1 IRF2 & € & 15 % HON2 W 5 ATV NP
mRNA 15 B 520 A 0 28 45 21 69 408 Bk A0 5 A

25 A TR KT RECZEL 200 L ) A 2 12 AL AR A
JEIR ] 80% Ji , A MOTI=0. 1 /) HON2 I 4 ATV,
W 4 24 Fn 48 h iy 40 B, $2 B RNA Jf ) 5% 5%
cDNA il i qPCR K1l HON2 ATV (1) NP 3 [H % 1k
8. HON2 ATV 1Y qPCR K I 7 v K fz i 45 124 )
L2.6. 1,59 B IR,

1.2.7.2 IRF2FaE #£iE X HON2 WA ATV NP &
F1#RIEM I Western blot ik 36 J7 R 1.2.6. 2,
LI ATV NP & H A —$0 , HRP ARiC 0 E 40 B 1gG
T H ECLAR2E B B (dF AR 45 4

1.2.7.3 IRF2FaEF£kXF HON2 WA ATV % i (1)
R K DF-1-TRF 2 40 g 1 8 41 40 i Bk 22
2 T25 ¥ 37 P % DMEM Fi B 19 HON2 ATV 43
SAE NN, AE COBEFRAA T MR 1 h, Wik 2%
FBS () DMEM #% 3£ W, % H W28 40 i 5 28 (CPE) .
fF CPE A F] 90% B, F — 80 “CR & W 3 1k, it 4
YA E VK LIMH 40 B 5 96 £L 240 il 35 724, 75 40
i Z RS BOR B B 10 ' ~10 " 10 Nk B
FREE, oy w2 Fh 2] LMH 48 farh , 37 CH5 593 3~5d J5
W22 3 20 5% CPE, il 1 Reed-Muench ¥ 1 %4 95 %5
TCIDy,, H H A 14993 B 10 £ o

1.2.8 [RF23E & 78 £ IFN BB 49 % f)
1.2.8.1 IRF2 3 A% 4 F AH OC 3 I 1Y 5% i
¥ DF-1 40 ¥ 208 F 12 fL o, & F 37 CH 5540
o IR A R A B R B 80 A L K pCAGGS-
HA-TRF2 & 20 i B Fl pCAGGS-HA 25 85 14 43 71 %
YeF| DF-140 0 of ,pCAGGS-HA 78 # AR Jg % B
SRJE B T 37 CHMEIE FR A h 5% 24 h )5 , LA MOI=
0. 1 By 7 & 32 A HON2 ATV 5 8 , fE 4% 7 f5 24 h
P& IO M RNA K 5, B3 5 i cDNA 5 R H gPCR
J5 B K M IFN-a  IFN- 8. OASL .MDAS5 . MX1
IRF7 R PRI X ik £ o

1.2.8.2 i3Ik IRF2 % ISRE/NF-kB/IRF7 J& 5l
FIETERIRE M f DF-1 400 B Rp T 12 FL 40 i 3% 5%
B ,37 °C 5% CO B FA i 7% Fr i I A R
& 70%~80% i, 3% 18 Nulen Plus Trans™ %5 443 7
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YL Ty B 1 pg pPCAGGS-TRF2 5 41 Jii ki, 0. 1 pg
AH I Y 2¢O 25 44 SR DL & 0. 02 png N 2 kL
pRL-TK Ht 5% Ju 4 Jfy | JF 5 & 25 8K X B, 4%
24 hJ& , A MOI=0. 1 i HON2 A1V jK % W% &
24 ho S PR R 4N BB O 2 A I 3K 7R 6 U B
B AT XSGR |, 25 FHAR S IS 3 -5 ok ;PO
RMESHEHS NS E D) F -l T 9O0R IR
FeAE -
1.2.9 B

FARE AT R 3K, /] GraphPad Prism 8. 0. 2

(a) (b)

3'LTR

WPRE-included

AR XS AR BT 1-test BET4 50 M, W e K il
K 3 56 32 ) One-way ANOVA e it22 007 .

2 HERE5HM

2.1 ERERSHRENHE

M DF-1 40§ #4558 IRF2 H /3L N R B,
HK/INR T 047 bp, WA 1Ca) ; I 7 445 51 52 B 7 [ )
5B KRR IRF2IFH 5% 44—, BEAGES
K g 05 7 B 0 B BS  BEdd A pLV-CMV-MCS-
EF la-PuroR #{k B 4549 401 1(b) .

CMV promoter

EF1a Promoter

pLV-CMV-IRF2-EF la-PuroR
9987 bp

PuroR

CMV promoter

M:DL 2 000 Marker; 1:IRF2.
(DIRF2 3 H K E 5 (b)pLV-CMV-IRF2-EF la-PuroR Jii ki B3 .
(a)Electrophoresis of IRF2 gene; (b)pLLV-CMV-IRF2-EF 1a-PuroR plasmid map.
1 38IFR2EFE PCR ¥ #8803 3R ik Bk B i

Fig. 1 Chicken IRF2 gene amplification and the map of expression vector

2.2 DF-1-IRF2AfKHEE
2.2.1 qPCR % % IRF2 % B £ mRNA K F L&
#aE kik

Wi XoF R A RN ) 3R GA TRF2 40 ik , £ X
A0 5 RNA K54 5% 8 cDNA, F FH qPCR J7 3 46
IRF2 37 DF-1 X} i | DF-1-IRF2 4if jfd ¥k %35
A, W 2Ca) iR, 7E DE-1-IRF2 4 i
IRF2 % ) mRNA FH X 26 3k & 0 8 3% 5 % BR 4
YL (P<<0.001), R M5 /5 L 48 A 218 F 24
o BRI 20 I, i) R i IRF2 33K
2.2.2 IRF2ARFE RKEE

Wi 42 Xk BE 4 40 L A DF-1-TRF 2 40 fd (14 26 (A k¢
i, WEAT Western blot 830 . a0 & 2(b) Ay 25 3R 8w,
550 MR 41 40 M AH e, DF-1-1IRF2 41 Jifd of IRF2 &
RIBWERM.

PLIRF2 BHTAE Sy — 30, 768 8 2O B s T
Al LW EE F DF-1-TRF2 40 il 149 % 615 5 5 X Bl 4
AR L B 2 [ 2Co) 45 R A i ik 45 2
) DF-1-IRF2 40 vh , IRF2 (il 5 L E W £ |
2.3 IRF2FEEFRIEMAARF R

fif I CCK8 4 77 & A M 450 nm % £ T A9 6
JEAE . 455 Bk, DF-1-IRF2 40 §l 5 % B8 2H 40 iy
DF-1 4k, 450 nm 3 F A9 WG BE(E TC 3% 25 5%,
F W IRF2 5 X 0y F2 0 35 % DF -1 21 A i 3 58 G
R (E 3.
2.4 IRF2FRTERIEIT HIN2 ALV HEER M
2.4.1 IRF2#% % %5 xF HIN2 NP A B mRNA &

B LE AL

FH HON2 ATV 45 5l B Y DF-1 44 il F1 DF-1-

IRF2Z s EA bk . B & 24 148 h 241, i qPCR
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chIRF2 mRNA (log2FC)

XS IRF2AHXTmRNAZ 5 & (log2FC)
Relative expression level of

5 | |

N
Q
(b) S &

IRE2 i

DF-1 control DF-1-IRF2
4341 Group

DAPI

©

DF-1 control

DF-1-IRF2

Merge

#Hx P<0. 001.
()qPCR KM IRF2 /) mRNA 35 55 () WB Kl IRF2 B9 28 1 3238 5 5 (OTFA 2822 IRF2 7E 40 i h 9 R 38 IRF 2.
(a)Identification of the mRNA expression of IRF2 qPCR; (b) Identification of the expression of IRF2 protein by western blot; (¢) Identification

of IRF2 protein expression in cells by IFA.

El2 DF-1-IRF2AMkHEE
Fig. 2 Identification of DF-1-IRF2 polyclone cell line

2.0 - ns DF-1 control
DF-1-IRF2
ns ns
1.5} _ns | 1 | |
=) |
z
Sr 1.0}
o
0.5
0.0 I ] 1 ]
6 12 24 36

AfiE]/h Time
ns: JC i 3 2% 5
ns: no significant difference
B3 CCK-8i%# 7 DF-1-IRF2 40 A #k 59 40 B 7 1
Fig. 3 CCK-8 assay for detecting cell viability of the DF-1-
IRF2 cell line

SEIRTT AR 4Ca)) , 5 X A A7 b, HON2 ATV Jg&
4t DF-1-1RF2 40 ifs #% 7 8 NP mRNA % ik & I %
F 1 (P<C0.001) , & B K 4b &k 3K IRF2 7] 18 3%
12 3 HOIN2 ATV & 1l .
2.4.2 IRF2# % & A 3 HIN2 AIV NP & & & i
) % v

il o western blot %l HON2 AIV NP 5 H 19 %
I T AL (B 4D, RIAR A ik
IRF2REW% i {2 ¥F HON2 ATV NP & H %Kik .
2.4.3 IFA# @ HON2 AIV NP & & # & &

W IFA K HON2 ATV JE& e DE-1 48 Jifg F1
DF-1-IRF2 41 s 24 h J5 NP & [, 76 % 06 B 8 T
W2 & B DF-1-1RF 2 41 i Bk 5 % [ 21 4 1L 2¢ 6 3
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JnCE 4Ced ), =B AR Ab i 32 38 IRF2 ] 42 #F HON2 IRF2 4 fE % , N TCID,, &5 S ml 1 (& 4(d)) ,DF-1-

ATV &, IRF2 40 Jifg ¥k HON2 J5 3¢ 7% B W & & T X B4
2.4.4 IRF2# % £k s HON2 ALV i B 0 %k (P<<0.01), 33X & R4 3 32 3K IRF2 7] & 25 #&

H HON2 ATV 43 5l & 4« DF-1 41 g #1 DF-1- HIN2 ATV 17 B .

DF-1 control
(a) N
DF-1-IRF2 (b) Q\@

[
|

*kk

._.
=
|

W
|

GADPH - -

NP mRNAFR KA
Relative expression level of NP mRNA
z
=

(=}

24 48
fEl/h Time

3k

3k

15— (© S5 (d) |

Virus tilter
)
|

NP&E H KA T
WB gray scale of NP protein analysis
FeREE/ 12(TCIDso/0.1mL)

0.0 | | 0 | |
DF-1 control DF-1-IRF2 DF-1 control DF-1-IRF2

7340 Group 5341 Group

DAPI NP Merge

(e)

DF-1 control

DF-1-IRF2

*P<0.05;%*P <0. 01;*+P<0. 001, FIl.
*P<20.05;*#*P<C0. 01;*#+P<70. 001. The same below.
(a)Real-Time PCR 45 l] HON2 ATV NP mRNA f % ik &t ; (b) Western blot £ 11] HON2 ATV NP 2K (1 19 % 3k 5 (O NP 2K [ K ) 18 537 5 (D
TCID: K HON2 ATV i 5 (o) TFA %52 HIN2 ATV NP 2 I 235 .
(a)Identification of the mRNA expression of HON2 NP protein by real-time PCR; (b) Identification of the expression of HOIN2 NP protein by

western blot; (¢) WB gray scale of NP protein analyze; (d) Identification of HINZ tilter by TCIDy,; (e) Identification of the expression of HIN2 NP
protein by IFA.
4 IRF2%7EFRiE3T HIN2 ATV 358 ) % 1

Fig. 4 Effect of IRF2 overexpression on HIN2 ATV replication
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Fig. 5 Effect of IRF2 overexpression on host IFN responses
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