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Abstract: [Background] Senecavirus A (SVA) is a novel pathogen that causes an infectious
viral disease in pigs. SVA, a member of the genus Senecavirus of the family Picornaviridae, has
a single-stranded positive-sense RNA genome. SVA can infect pigs of all ages, causing neonatal
mortality and blisters on the feet and in or around the mouth of pigs. Innate immunity is the first
line of host defense against viral invasion, while the role of the mechanism of the interaction
between SVA and host innate immune responses remains unknown. [Objective] To investigate
the role of the 2C protein of SVA in innate immune responses. [Methods] RT-qPCR and
Western blotting were employed to analyze the effect of 2C protein on cytokine expression and
signaling pathway in host PK-15 cells overexpressing 2C protein or were infected with SVA.
[Results] The infection of SVA significantly up-regulated the expression of interferon beta
(IFNB), tumor necrosis factor-alpha (TNF-a), and interleukin-6 (IL-6) in host PK-15 cells.
Meanwhile, SVA infection resulted in the phosphorylation of TANK-binding kinase 1 (TBKI)
and Nuclear factor-kappa B (NF-«B). Further studies revealed that 2C protein activated TBK1
and NF-kB and induced the expression of IFNB, TNF-a, and IL-6. In addition, 2C protein
activated the stimulator of interferon genes (STING), a key protein against DNA virus infection.
The knockout of STING suppressed the phosphorylation of TBK1 and NF-kB as well as the
expression of IFNB, TNF-a, and IL-6. [Conclusion] This study preliminary reveals that the 2C
protein of SVA activates STING to induce the innate immune responses. The findings uncover
the regulatory role of STING in the RNA virus SVA-mediated immune response, which provide
a theoretical basis for the research and development of antiviral drugs and vaccines.

Keywords: Senecavirus A; innate immune responses; 2C protein; cytokine; stimulator of
interferon genes
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AT SVA BB i BRI S 1A B0 R
i, HR Tz e 518 EHUREE S K R
HAEM B F LR ATERE . 7 SVA A R4
WEAY 2C EARRRTNERAZ—, BA M
RS, Z 5 EERY SN, WH5E B SVA 2C
AT LUl S caspase-3 SR ANEIH T,
B SVA K 2C AL S AL SE R sz i 2% b
AR FRTATL A e DX 2 A2 1 P9 52 W 1 AN 35 2 o

T 2K L R H34 R F(stimulator of interferon
genes, STING)J2 & A F% e b 1 CHEE 1,
FRM SRR 1 173 (transmembrane protein 173,
TMEM173). IRF-3 {4 Jii(mediator of IRF3
activation, MITA) . N it M IFN Hil 3 7 (an
endoplasmic reticulum IFN stimulator, ERIS),
STING 7EAIAME DNA 519 56 KA %
R EEEAEAY, Hit, STING {55 kg
IR IR DNA JEE A 3 KRR & Y 32
SR RGRAE . 18 308 3 B 2UR ] 3Z 4K (pattern
recognition receptors, PRRS) U 59K 7, BI&
STING f 5 i % /5 5 TANK-45 & W 1
(TANK-binding kinase 1, TBKI1)FI4% % 5% H ¥
kB (nuclear factor-kappa B, NF-xB)iG b A#%,
7S T E AFN) AL A 41 i [ 7 (IL-6, TNF-a
SRR, DA FE A I rh S B Bk A,
UEARBFFTIESE STING @Bk A4 4 M 0/ Bk 2 Fh
RNA i 2 A1 7K 8 H 2K 55 (VSV) L il & 9 25
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(WNV)S i U i 2542 112, 36 W STING
2: 5 RNA SRR 3 1Y RN 2
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B AL (PK-15) MR BR STING HYAE 5 4t
Jifd(knockout STING, KO STING) PK-15, A FIZEP
R EE(SVA)HI PEGFP-N1 . pEASY-Blunt Zero-2C
Jiki, SVAVPL UK, BIHASE %= RAE

Pt PCR X, SEMEIL R FRA A 5 B
BAL, TN s L R A BR A F] . RNA 42
HUR 7] & . Phusion” &= f£ T DNA R4 .
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AL FEdi R —dr, FER CHRBHHA R A A ;
F kiR 7 £, TOYOBO 24 7l s DMEM 15 57 &,
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TR A BR /Al ; NF-xB Hufk . ®imeib
NF-kB #i {4 (P-NF-kB) . TBK1 Fiik . #ifkik
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STING #i#&fl GAPDH #Hifk, cell signaling
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Proteintech 23 Al o
1.2 S it RR A&

i of i PCR /%, LI pEASY-Blunt
Zero-2C Uk MBI, LL5I# F (5-GAAGATCT

GTTACGGACCCATGGACAAAGTCAAAGAC
TG-3")#1 R (5'-CCGGAATTCTCTGTAGAACCA

GAGTCTGCATATTTC-3") 4 |, Fi#514 . PCR
TN SR 235 18 Phusion’ 1 £ H. DNA %
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¥, R 1E R R B SOk A 44 i PEGFP-N1-2C,
1.3 ‘MRS FINE SRR

PK-15 2 il 5 8% STING Ft) PK-15 4 g 15 5%
TE&H 10%I64 1M1 (FBS)H! 1% —#if) DMEM
Hi, F 37 °C. 5% CO, ¥iFRF PR 7. 15
PK-15 4 fli& B 1% 90%LA - sk JBt i 10 4 7k
FHEAC . BN Al & 80%—90% A 4N #1775
UM HERD . U 10 MOI 1 SVA &t PK-15
AL, PR PK-15 4 7R 55 3R 46 P
B 1 hJ5 B3R 48 5 2% FBS ) DMEM
AEFFR AR SR SR . 24 h 4> BB I L 3E A
LR At
1.4 LERHXEZ PCR (RT-qPCR)

W R IR WA 53 RN TE 6 LA, $E5E
24 h J5 WU AR o, R RNA $2 B0 248
B RNA, Fifi J5 4 FH s B a0 0K 2 U RNA
JUE S cDNA, FIHZ 1 51444 18 PowerUp
SYBR"™ Green Master Mix i& 7 &6 Bl B A1
R SVA K HI7KF- K 20 R - R ah 7K
LI GAPDH Fik/AK V- HNSE, 27 %R
IFNB. IL-6 Fl TNF-o 2% K ) mRNA 7K-F
1.5 #3

IR 1.3 B A T 6 FLARH, 22 K
A AERK 2R 90%IL A ERT #EfrEE gy . 4% IR
Lipofectamine@2000 %% 4L iz 57 15 B 43 43 1) K

x1 KARFAAY
Table 1  Primer used in our study

Primer name Primer sequence (5'—3")
SVA F: GTGGGAAGGTATCTTTCGTG

R: TCATAGTGGTGAGACTTTGGGC
IFNB F: TGCAACCACCACAATTCCAGAAGG
R: TGACGGTTTCATTCCAGCCAGTG
F: CCTCATCTACTCCCAGGTCCTCTTC
R: GATGCGGCTGATGGTGTGAGTG
IL-6 F: GCTGCTTCTGGTGATGGCTACTG
R: AGAGCATTTTGTCTGAGGTGGCATC
F: GTCGGTTGTGGATCTGACCT
R: AGCTTGACGAAGTGGTCGTT

TNF-a

GAPDH

4 ug PEGFP-N1-2C H 41 Ju i Fll %5 /K PEGFP-N1
P B A M. %8s 6 h ¥ & A BRI
OPTI-MEM % 77 Jk BT 48 ohy 58 42 1% I B 4k 2 35
Fto UL 24 h 43 OB BT R IRORE S AT
1.6 Western blotting

AR SVA 24 h Al PEGFP-N1-2C Jithr

EEYL 24 h JE AN ILRE S, A RAPI 4 i 24 /i
W (PMSF 5 RAPI AR LLABIE 1:1 000)7K %4
fi# 1 min, 300 W A F4HME 2 min, 4 °C.
16 500 r/min B> 10 min, W4E g, IMAEN
loading buffer (loading buffer 5 [ iGFiBE L& 1:1),
{11 10 pL 25 (AR & 251 T SDS-PAGE Hi ik, 80 V
fH R H, 9K 30 min 2 J5 120 V {H JE HL YK 50 min,
200 mA 5[5 2 h, 1E S%MAR IR T = iR EH A
2 ho i 5% BAS 43 5| # B —HT TBK1 (% B i
1:1 000), P-TBK1 (FFRE 1:1 000), NF-xB (i
£ 1:1 000), P-NF-kB (#i B¢ 1:1 000), SVA VP1
(P FEE 1:200), GFP (W B 1:10 000), 4 °CHiF
B, KH, PBST ¥ 3 ¥k, £ 10 min,
B IS AN, BT, ZEEIFE 2 h, PBST YL
33K, B 10 min, {7 ECL {622 k0% B AWM
HEAT I A5 B 3 A B A LSO SR A R
1.7 FHitESH

RIR AT 3 s # A, W H GraphPad
Prism 8 F{VE BRI RIS E 24508, SRS HEA
t-test A S AT kAT, B Y B eAn e
ZFR, UL P<0.05 WESAEZRITFENL,

2 HZRE5OM

2.1 SVA B PK-15 ZAAEIE S IFNS.
TNF-o #0 IL-6 B9 FRi&

I SVA TG X 516 K G 328 1 288 A S
7EH SVA e PK-15 4iffl)5 24 h SCE AN ke
it A RT-gPCR £l IFNB, TNF-a Fl IL-6
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) mRNA EEEN, 45 REY] SVA JRYL PK-15

L2 IFNB. TNF-o I IL-6 mRNA /KF i

# FE(E 1A-10).

2.2 SVA E5|#2 TBK1 #1 NF-kB BB 1L
JERFT SVA BL PK-15 il i J 18 1 ] Ff 1

RN ¥ B2k, FIFH Western blotting
il SVA &y PK-15 4ifgH TBK1 & NF-xB
FIBEER L KK, 45 E7n, SVA B PK-15 4f
U415 S TBK1 (P<0.01)F1 NF-xB (P<0.001)
P BEIR A& 2).

A < B « C< » *k
Z 500 — sk z 60 i e 20 ]
2450 [ 1 % ~
E E
= 400 - = s sk
Z 350 Z B =)

S 300 - £ 5
g 250/ = S0k
'z 10 2 §
£ o8- g B
2 20

g 4r 2 &
§ of £ LL P

0 [}
2 MOCK  SVA = MOCK ~ SVA MOCK  SVA

1 SVA B PK-15 ZHAE IFNB K 40 AE & F 3R ik

A: SVA B PK-15 24 h #l2 2. %5 S IFNB 7= 4.

B:SVA &t PK-15 24 h#% . 155 TNF-a 77 4. C: SVA L PK-15 24 h B FHEF IL-6 774, **.P<0.01;

*adx, P<0.000 1
Figure 1

Expression of IFNP and cytokines in PK-15 cells infected with SVA. A: PK-15 infection with SVA

significantly induced IFNf production at 24 h. B: TNF-a production was highly significantly induced by SVA
infection with PK-15 for 24 h. C: IL-6 production was significantly induced by SVA infection with PK-15 for

24 h. **: P<0.01; ****: P<0.000 1.

A PK-15 B o25r
SVA - +  kDa 2
<
hY
- _ m
TBKI B
&
©
P-NF-kB 65 5
=
[
— g
NF-«B 65 E
I o =
g
B-tublin | A -’ 55 &

2 SVA B PK-15 ZH /2 TBK1 0 NF-xB H9#5ER 1k 7k F

MOCK

B
o

# %

i b= i

Relative protein level (p-NF-kB/GAPDH)

=
o

SVA MOCK SVA

A: SVA J&Zt PK-15 41l 5 P-TBK1 i

P-NF-kB & [1%15. B. C: P-TBKI1/GAPDH HI P-NF-kB/GAPDH X JF 14, **. P<0.01; ***. P<0.001

Figure 2 Phosphorylation levels of TBK1 and NF-xB in SVA infected PK-15 cells. A: P-TBK1 and
P-NF-«xB protein expression in PK-15 cells infected with SVA. B, C: P-TBK1/GAPDH, P-NF-xB/GAPDH

gray scale scans, **: P<0.01; ***: P<0.001.
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2.3 SVAHI2CEHBEBIFS IFNB. TNF-0
0 IL-6 FRix

SVA ) 2C FEFENIESSMEN, &t
SFRERZ—, BRI A KN TR SVA
) 2C EHEES 5T FRAPE 1Rk,
AT PEGFP-N1-2C 541 JF ki 15 L 41 ifd .
Western blotting 45 5 {2 75 PEGFP-N1-2C it fif%
Y PK-15 4 fifl 24 h J5 ARG E] GFP KA (& 3A),
UESE PEGFP-N1-2C BTN 7E 4% Y 4l il vp 3R 35
RT-qPCR #&ill IFNB, TNF-a il IL-6 mRNA 7K
SR FEH, SVA 1Y 2C EEARE AT IFNB

A PK-15

PEGFP-N1-2C - + kDa

GFP s 26

(P<0.05). TNF-a (P<0.05)H1 IL-6 (P<0.05)f %
ik (I 3B-3D).
24 SVA H 2C EHEEBHE TBK1 #
NF-kB

RERTE SVA AE4E A E 2C 5200 20 it 5 5
FikME AL, Wid Western blotting £l TBK1
Ml NF-«xB HBERRALIE L, 5 EBoR, K&kl
1) 2C Bk e PK-15 41 AEf% % TBK1 Al
NF-xB (&l 4A). i3k 2C Fikift 4 PK-15 44
MIBERS 15T TBK1 (P<0.05)F1 NF-kB (P<0.001)
FIBEIR L (& 4B, 4C).

GAPDH | W S— 37
B * C D _
< N < < 4 )
= e =
by =
23 g © 3
o = =
2 e
&2t g g2t
w b w
g g g
e 2, =
# (5]
o 1+ & & 1
z e =
= E= =
E z g
MOCK  2C MOCK  2C MOCK  2C

3 2C BB PK-15 i IFNB KA EFRIFKIE  A: PEGFP-N1-2C # 4L PK-15 4}y GFP %
ik. B: PEGFP-N1-2C Jitkif% 4% PK-15 24 h % i #1555 IFNB /4. C: PEGFP-N1-2C A/t PK-1524 h
W i 21755 TNF-a ;7. D: PEGFP-N1-2C #34% PK-15 24 h B 21555 IL-6 j7/E. *: P<0.05

Figure 3 The expression of IFN, TNF-a and IL-6 in PK-15 cells transfected with 2C. A: GFP expression in
PEGFP-N1-2C transfected PK-15 cells. B: Transfection of PEGFP-N1-2C plasmid with PK-15 for 24 h
significantly induced IFN production. C. Transfection of PEGFP-N1-2C plasmid with PK-15 for 24 h
significantly induced TNF-a production. D: Transfection of PEGFP-N1-2C plasmid into PK-15 for 24 h
significantly induced IL-6 production. *: P<0.05.
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A B
PK-15

PEGFP-N1-2C = + kDa

— 35

"
=}

_.
n

TBK1 | —

=]

P-NF-«xB 65

=
h

NF-xB 65

i

Relative protein level (p-TBK1/GAPDH)

=
=

4 PEGFP-N1-2C 33 PK-15 40 TBK1 #7 NF-xB BYREER 1k RiX

MOCK 2C

ok

-

n
|

o
T

f=]
n
T

Relative protein level (p-NF-kB/GAPDH)

o
o

MOCK 2C

A: PEGFP-N1-2C #% 4t PK-15

MM 5 P-TBK1 Fll P-NF-kB 5 [1515. B.C: P-TBK1/GAPDH #1 P-NF-xB/GAPDH JX & 94, *: P<0.05;

**: P<0.01

Figure 4 Phosphorylated expression of TBK1 and NF-xB in PEGFP-N1-2C transfected PK-15 cells. A:
P-TBK1 and P-NF-kB protein expression in PK-15 cells transfected with PEGFP-N1-2C. B, C:
P-TBK1/GAPDH, P-NF-kB/GAPDH gray scale scans, *: P<0.05; **: P<0.01.

2.5 FBuBR STING #I#| SVA BELiFEM
IFNB. IL-6 1 TNF-a &KX

T4t 2 3 R 3 R 7 (STING) 1 A [8 AT 4
£ S B EE 1, 76 DNA R i S 1 KR
WA R EE R ©AMIE STING
£ T TBK1 Fiif, STING iHfLEH TBK1 Bz
b, BEEEEN R T E S, AT
F M IL-6, TNF-o 2540 g 1), FATH 5T
RI SVA 2C HH i FRIKU STING B 1k
KPS 2 T IR, $RUR 2C B T RE RS I
STING (K 5). Mt —4K5¢ STING 7E SVA
RS RGP ER, AT T R
STING 9 PK-15 4 fif1, Ffif5FIH SVA 435 i
Jely AR PK-15 A AIaBE STING A9 PK-15
M, YIS 24 h JCEQ MRS, E i
RT-qPCR #ll IL-6, TNF-o Fl IFNB )ik .
gk BRI R BR STING 1 PK-15 4i iR /& 3s SVA
24 h J5 IL-6., TNF-a 1 IFNp mRNA /K- i

F T RR(E 6A-6C),

2.6 RiFR STING #l#] SVA B9 2C EH I %

21558 IFNB. IL-6 1 TNF-0 &iXx
JE—HHRSE STING 1 SVA 1 2C E A4

Sy TFNB. IL-6 Fl TNF-o 5 0EM, #

PEGFP-N1-2C JGuki 4% YL B A= B PK-15 4 il F1 #

PK-15
PEGFP-N1-2C = + kDa
P-STING | s s | 40
STING | s S | 35

GAPDH - - 37

5 PEGFP-N1-2C ¥ 3 PK-15 i STING &Y
TEER L 7K

Figure 5  Phosphorylation level of STING in
PEGFP-N1-2C transfected PK-15 cells.
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Bk STING B9 PK-15 4iffd, ilid RT-gPCR &l  (P<0.05) . TNF-o (P<0.05) A1 IFNB (P<0.05)
IL-6. TNF-o Fl IFNB [k, 450 %W, 5%  mRNA KB B E FH(E 7), % STING &
AR PK-15 40AH L, #EBR STING f PK-15  SVA ) 2C FE 15 IENB, IL-6 Fil TNF-a %1k
%5 Y PEGFP-N1-2C JE%i 24 h J5 IL-6  Fraify.

A B < C <
é _ é 60 Rk Z 20~ okl
E Jog [ =PK-IS ks E 007 —pK-15 % —pK-15
L 5 =
g 400 - = KO STING % — KO STING i |5 — KOSTING
Z a0r £ at =
< 300 = c
£ 230 £ Z 10k
g7 = 7
£ sp % 20l g
% 6 & - Z 5
4 3
() L ee——e—— = I 8 (ol =emmc==m
= MOCK SVA 2 MOCK SVA o MOCK SVA

Bl 6 STING Rif&H) PK-15 {AAARL S SVA /5 IFN RAABE FRIE  A: RT-qPCR il #fk STING
PK-15 IFNB FikF#&{%. B: RT-qPCR ¥l &% STING PK-15 TNF-o #ikFE&{%. C: RT-qPCR #i f
STING F4 PK-15 IL-6 ZiKFEAE. **. P<0.01; ****. P<0.000 1

Figure 6 Expression of IFNP and cytokines in knockout STING PK-15 cells infected with SVA. A:
Decreased expression of knockout STING PK-15 IFN detected by RT-qPCR. B: Decreased expression of
knockout STING PK-15 TNF-a detected by RT-qPCR. C: Decreased expression of PK-15 IL-6 in knockout
STING detected by RT-qPCR. **: P<0.01; ****: P<(0.000 1.

A« % B ; ® C <«
£ —pkis Z O[ =PK-I5 Z 4 = PK-I5 .
£ = — E
= | —KOSTING g 4| —KOSTING T S | —KOSTING
£ 3 Z =30 T
- ~ G
S o 3k 2
g2 5 2 2F
wl -y v
g2 RE _
o, - o o
5 1F oem 5 51F —— =
‘U v 1+ = - o
= i
= 50 <0
20 7MOCK  PEGFP-NI2C 2 MOCK  PEGFP-NI-2C & MOCK  PEGFP-NI-2C

7 STING &% H PK-15 40 %% 3% PEGFP-N1-2C fi/5 IFNg RAEE FRIE  A: RT-qPCR £
M EE B STING PK-15 IFNB K iAFEAK. B: RT-qPCR Al # 5% STING PK-15 TNF-a %A1k, C:RT-gPCR
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Figure 7  Expression of IFNP and cytokines in knockout STING PK-15 cells transfected with
PEGFP-N1-2C plasmid. A: Knockout STING PK-15 decreased IFNP expression by RT-qPCR. B: Knockout
STING PK-15 decreased TNF-a expression by RT-qPCR. C: Knockout STING PK-15 decreased IL-6
expression by RT-qPCR. *: P<0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR A BIZENFIHEE 2C F A @ STING i##% IFNB. TNF-a Al IL-6 KA

2095

2.7 FEuBR STING #]#] SVA iFSH) TBK1
#0 NF-xB 81k

JpiE— 4K SY STING %% SVA L% S
AR Rk ik 4e, FIH Western blotting
Kol 7w Bs STING A9 PK-15 4iififg s TBK1 F
NF-xB BUE GO0, S5 &3, @ik STING )
PK-15 4 ifith TBK1 (P<0.01)F1 NF-xB (P<0.01)
) 85 R Ak K - 2 25 AR (&1 8), RHH STING
J& SVA JEYL I 1 TBK1 Fl NF-xB i 075 | i
Gapnal
2.8 FEuBR STING #]#] SVABI 2C ERIF S
89 TBK1 &% NF-kB g1k

Jik—F5E STING 7E SVA 1 2C FH A
1) TBK1 1 NF-kB 3% HHAAEH  FlFH Western
blotting A& T #B% STING fJ PK-15 4+
TBK1 il NF-xB B IRALIENL (B 9A). 45K
B, SXFREAAL, 35 SVA By 2C 1R
4% STING [J PK-15 H* TBK1 (P<0.05)%1 NF-«xB
(P<0.05)WFR b /K- i 2 PR ( 9B, 9C).

3 WREER

WEEN R IR R BT 2007 4F 0 3
Jg e, Bt et RS A KB, SVA E
SR R BT SVA R BE VAT HE R & [ B U4
H i b i o db Ak 1) SVA BT, SVA X} 57
KMl B R s R R, R A A —
HURARGE SVA PIBURHLE], DUEF 5 A 850
BP9 o 240 L DR - ZE HC B 8 9 A e e 3] 4 v
REFELEAEN, RIS 5 L i 5 25t
b, AATIERA, SVA JERYL ST 4iifi 518 IL-6
Al TNF-o KF F T SVA YL 3D4/21 41
S# IL-6. TNF-a Fl IFN-y 254 5E N 743 7K
S E A FRATHIBF T4 R, SVA IR TE
F: PK-15 4l 24 h J5 688 5[ IL-6 . TNF-a FlI
IFNB BB 8% B, JF B AT DUTE TBK1 #
NF-«kB @& .

SVA ) 2C &EENIESSWEN, HA%
BEREE T, 2515 RNA &ML el 2 ik,

A Knockout B ~ cg
PK-15 STING PK-15 = ) £
& 2.5 PK-15 *ok % 1.5 == PK-15
SVA - - - + kDa 5 o I
< — KO STING < —
P-TBKI | S0 - 85 D20 2
0 25
TBK | |e— o o o S5 & ZII.O—
£ 15r £
P-NF-KB | e ammm s s 65 ) o
- -
S0t 1 3
NF-B | —— S 2 05F
gosf ——E
GAPDH | s s s 37 a " a
E _ E -
STING | s s 35 i‘,’ 0.0 =" NocK SVA § ' MOCK SVA

8 SVA BLEIF& STING AY PK-15 ZHAf P-TBK1 #1 P-NF-xB E B &%

A: SVA JEYL R BR STING

i PK-15 40}l J5 P-TBK1 F1 P-NF-xB & [13i%. B: P-TBK1/GAPDH X F#4}i. C: P-NF-«B/GAPDH X

BEA. ** . P<0.01
Figure 8

Infection with SVA could not activate TBK1 and NF-kB in knockout STING PK-15 cells. A:

P-TBK1 and P-NF-xB protein expression in STING knockdown PK-15 cells infected with SVA. B:
P-TBK1/GAPDH gray scale scan. C: P-NF-xB/GAPDH gray scale scan. **: P<0.01.
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Figure 9 P-TBKI1 and P-NF-kB protein expression in PEGFP-N1-2C transfected knockout STING PK-15
cells. A: P-TBK1 and P-NF-kB protein expression after PEGFP-N1-2C transfection into knockout STING
PK-15 cells. B: P-TBK1/GAPDH gray scale scan. C: P-NF-kB/GAPDH gray scale scan. *: P<0.05.
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