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Transcriptomic differences between the spleens of mice
immunized with inactivated antigens of foot-and-mouth
disease virus and Senecavirus A

ZHENG Zixuan"?, MA Xueqing®, LI Kun?, SUN Pu?, HUANG Shulun®, DONG Kaiheng?,

ZHAO Qiongqiongl, LU Zengjunz*,QIAN Pingl*
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Gansu, China

Abstract: The aim of this study was to compare the immune responses of C57BL/6 mice
immunized with two pathogens, foot-and-mouth disease virus (FMDV) and Senecavirus A (SVA),
and to provide clues for revealing the regulatory mechanisms of acquired immunity. Inactivated and
purified FMDYV and SVA antigens were used to immunize C57BL/6 mice respectively, and the mice
immunized with PBS were taken as the control. The percentages of Thl and Th2 cells in the spleen
lymphocytes of mice in each group were analyzed by flow cytometry at 14 and 28 days after
immunization. RNA-Seq was performed for the spleen. Mouse macrophages were stimulated with
the antigens in Vitro to examine the expression of the differentially expressed genes (DEGs)
screened out. The results showed that 14 days after immunization, there was no significant
difference in the magnitude of the Th1/Th2 immune response elicited by the FMDV and SVA
antigens. After 28 days, the magnitudes of the Th1 and Th2 immune responses elicited by the SVA
antigen were higher than those elicited by the FMDV antigen. RNA-Seq revealed two common
DEGs, Rsad2 and Tspan8, between the two immunization groups, which indicated that the two
genes may be involved in the activation of the Th1/Th2 immune responses by FMDV and SVA
antigens. FMDV and SVA antigens stimulated macrophages to secrete interleukin (IL)-12 and
IL-33 invitro, and the expression of Tspan8 and Rsad2 was consistent with the RNA-Seq results. The
expression of Rsad2 was regulated by type I interferons (IFNa, IFNp). In this study, we obtained the
DEGs involved in the immune responses to the two antigens in mouse spleen, which provides a
molecular basis for investigating the immune response mechanisms induced by FMDV and SVA.
Keywords: foot-and-mouth disease virus (FMDV); Senecavirus A (SVA); Th1/Th2 immune
response; spleen; RNA-seq
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12 1. KJERRALASRE, B9 14 dJ5hnas
1R, TP 14 d 28 d Je e O 400 T R4
FROBELIE | e R 0 3 0 5 Bk 9 28 240
ASHIEFE () T AT B0 2 36 35 o L ML B 2 e 2
M BE A5 T A B AR A 2 DL L HE VR AT IE 5
SYXK(H)2020-0010].
1.4 ZBERXSH

il 25 /N ERUMELE L2V, B A LR AT 2] 24 AL
B, BEFL 1.5x10° R4, FES A PMA/
BT ZEE/BFA IRAYWEKRE 50 ng/mL,
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BFA IR B WI(ZHE 10 pg/mL), KRG HEE T
37°C. 5% CO4iffi¥iF-fi4him, BTk E.
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45RA-BUV496 #CHIMRA G IThnIC, 2
1% 58 J fd ] IL4-APC/IFNy-PE-Cy7 #GHi A4
G /N EbRid. A CytoFLEX
LX a4 T LRI, fEF CytExpert
B AT 40 B 1) S0 T o
1.5 EREMNFTH

W /N BRI o 28 8 7 0 e AR N R R T
BRI P 3RS Clean Reads 5/NR S
FH 4 (GenBank % 5%%5 : GCA_000001635.8)
AT e XT, f# FH StringTie ZH 2% Fb X A 30 1Y
reads, B SEAMTIREHT. XS F Y
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per million fragments mapped)f & F& K & ik 7K
Vo BETRERTESDMFEA P Count fH, FIH]
DESeq2 # 4 3 % & Fold Change>1.5 H
P-value<0.05 M ik bnifE, LA log, FC BUEE %
INZE S, Tk 22 AR, A
R/topGO 2.48.0 # {455 R/clusterProfiler 4.4.4 %X
e, BERIKNYE GO B E (http://www.
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total RNA kit 17 @R B RNA, SEmf¢
Y65€ i PCR (quantitative real-time PCR, qPCR)K:
M 1L-12 . IL-33, IFNa . IFNg . Tspan8 Fi
Rsad2 {54 58K V. qPCR 51#)F 8RN 1,

1.7 qPCR
i A E.Z.N.A total RNA kit I 13 & £#2 5N

BTG 4H 21 B RNA, qPCR #& il Bactin .
Rsad2. Tspan8. Samdll. Gypa #il Apolllb f
IR . qPCR BIWIIFHIFR I 1,
1.8 HIESZIT o

i Fl GraphPad Prism 8.0.1 #{4FXH BRI T
AEFRANGE S8 . SRR &5 22508 (two-way
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%1 qPCR3|¥FE%

Table 1 qPCR primer sequences

Primer name Primer sequences (5'—3’) Product size (bp)
Bactin-mus-F CATCCGTAAAGACCTCTATGCCAAC 171
Bactin-mus-R ATGGAGCCACCGATCCACA

Rsad2-mus-F GATGGTTCAAGGACTATGGGGA 143
Rsad2-mus-R GCACCACCTCCTCAGCTTTT

Tspan8-mus-F TGCTCTCTATTTCTACCCCCGA 207
Tspan8-mus-R CAGTGTACCACATACCCAGAACA

Samd11-mus-F GGCTGATGGGACACCTTTTG 154
Samd11-mus-R CTTGCCATCAATTTCCTGCTCTT

Apol 11b-mus-F TCAGAGGACATTAGGAAAGTGGA 75
Apol 11b-mus-R TGTTATTAAATCTTCCGTGGCGTT

Gypa-mus-F GCTGTGACAACATCAGGTCATTC 212
Gypa-mus-R GGGGCCGTGTGATAAGTTGA

IL-12-mus-F GATCGACGCACTTGTCCTTG 201
IL-12-mus-R CCAAAAAGAGGAGGTAGCGTG

IL-33-mus-F GATGGGAAGAAGCTGATGGTG 140
IL-33-mus-R TTGTGAAGGACGAAGAAGGC

IFNa-mus-F AGGACTTTGGATTCCCCTTG 115
IFNa-mus-R TCCTTTGATGTGAAGAGGGTCAG

IFNS-mus-F ATGAACAACAGGTGGATCCTCC 125
IFNS-mus-R AGGAGCTCCTGACATTTCCGAA

P<0.05, **f{F& P<0.01, ***{ % P<0.001,
ok P<0.000 1,

2 BER540

2.1 ®ERNMR Th1/Th2 T iHKEHERR
T

JIRFE FMDV 5 SVA KIEH 4055 /N B
JE 1755 Th1/Th2 BRI BRI 2E5R, FE/D
US4 s 14d 528 d i, 4L H 3 H/h
ST = W O SN o VI a1 | L P
IFN-y. IL-4 ) CD4" T #E4NAE HLf . 2550 8
R 14d. 28dJ5, FMDV 5 SVA KiEHL )t
B 543 TFN-y. IL-4 B4 M0 G35 8 35
F PBS 41(P<0.001), FB/NE %% 14d. 28d
7, FMDV 5 SVA HiJi 6 20 75 5 1) Th1/Th2
Tt e W 298 T PBS X M4 ik — 4 bt
JE A e 21 1)155 /N B Th1/Th2 608 i 24 K -

&: 010-64807509

SRR IARE 14 d 5, FMDV U5 S 4153
IFN-y AY40 I LL B 5 T SVA B s fee 4, HE
WEER, W IL-4 UG LB . S
28 d J&, SVA brla el sy IFN-y, 1L-4 [
i Jf b9 ¥ B 3 = T FMDV BT R e % 4l
(P<0.05), XEKUI/NEAE 28 df5, SVA HLE
SPEH %S Thl RS Th2 RIGE b & K SE 1w
T FMDV Hit i sz H (K 1A-1D).
2.2 NERBBBEREAN R RIE S AN KM
vak il

INERARE 28 d I, ARALASEL 3 H/N LAY
AT i S N Ty, HEARAS 61.13 Gb & it 13
WA, & HE Q30 B 3 LA/ T
93.41%, i 5SF I X, R Reads 78
S HEN A FRYENAE S, W8 LRE b i HE X
RGEHER DR, AR 89.71%-97.33%
Z 8], FEF Spearman & 2 B Fr A e st 4
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FEABEATAHOCHE 0B, M4 FPKM Zp At Syl 5 PBS Xif B4 (% AU AL it A T A8 /] 43
RB|MAXLHERE, WIEARBUEREAS X, MANEZFENAG TR —REH L, £
PBS X MR EMBEARM A ELZ N —B BIILEEA N FEA R R XA RUE &, A
P 25BN SVA BURGEEA . FMDV Bl CtEE (B 2),

A . B
14 dpi
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PBS FMDV SVA EMDV
3w i I [ 1 SVA
& & &
& 10 4 & 1
T Z 2 2 0 L0 *EEE
Zw 2 g M
3 ! 66.7 0.47 3 = P 7.9 0.70
z ! 4 ) £ 67. ; +
& 104 s £ gﬁ 0.8
8 [ [ T T 3 (I [ T T S oo s -
Comp-FL8-H:IFN-G Y763-PCT-H Comp-FIL8-H:IFN-G Y763-PCT-H Comp-FL8-H::IFN-G Y763-PCT-H 5 06+
2 3ok
e} e 1] 5 L —
g w0 & g 2 041
z 108 Z 0 Z 10¢ ©
a0 g ] 1 O 02t
Z 0 £ £ 10
Th2 o 2 e 2o 0.0
oo I I o ’ Thi Th2
o 0.16 g2 § = B
B i g i 0.38 B o 0.43
£ ¢ g g T T g 0 0o
g 0 1w g 3
Comp-FLO-H: 114 R660-APC-H Comp-FLO-H- 114 R660-APC-H Comp-FLO-H- IL-4 R660-APC-H
C D
28 dpi
PBS FMDV SVA PBS
= FMDV
i < <
o < o
[ svA
Thl = a a 4 - kkkk
2 2 a2
=] < < ®kdk
< < < &
= = = &
L £ < 3
£ o £ 3 £ " =
& 0 10 10¢ 10° 107 g 0 100 10° 10¢ 107 & 0 100 10¢ 10° 107 5
Corr 8-AZIFN-G Y763-PCT-A Com  8-A:IFN-G Y763-PCT-A Comr  8-AZIFN-G Y763-PCT-A g
g 3 3w oy
v 0.34 B g ©
= z o
g - <
Th2 =z E g 0|
8 5 5 10° 4
: ; R Thi Th2
2 0.52 2 B i 110
E - - £ - - £ —
5 0 10° 10° 100 107 3 0 104 10° 100 10 3 0 104 100 100 107
Comp-FL9-A::IL-4 R660-APC-A Comp-FL9-A::1L-4 R660-APC-A Comp-FL9-A::IL-4 R660-APC-A

1 JNEEAmZERIEEST  A: % 14 d J5 Th1/Th2 P 4 M5 40 1 H 15 X4 57 . B
G 14 d J5 Th1/Th2 b E 40 59 40 He B AR . C - 5 28 d J5 Th1/Th2 ik B 40 i 59 4 He 31043 D -
HuE 28 d Ji Th1/Th2 Ik 2 M AY 240 i L AR . #4036 P<0.05; *#(U3 P<0.01; ***{L3 P<0.001;
kA P<0.000 1

Figure 1 Multicolour flow staining analysis of mouse splenocytes. A: Flow analysis graph of Th1/Th2
lymphocyte cell ratio at 14 days after immunization. B: Histogram of Th1/Th2 lymphocyte cell ratio at 14
days post-immunisation. C: Analysis of Th1/Th2 lymphocyte cell ratio at 28 days post-immunization. D:
Histogram of Th1/Th2 lymphocyte cell ratio at 28 days post-immunization. *: P<0.05; **: P<0.01; ***:
P<0.001; ****: P<0.000 1.
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Figure 2 Correlation heatmap between samples. Spleen samples from PBS control group: PBS21, PBS22,
PBS23; Spleen samples from FMDYV antigen-immunized group: M21, M22, M23; Spleen samples from SVA

antigen-immunized group: S21, S22, S23.
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2 AL, RIS 2 267 DEREER, H
H 479 ANJEIA B IREIRA 1 788 AL T R K

&: 010-64807509
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FE R R 993 ANEEH R KK, B
FMDV #i Jf 6 i 40 5 PBS Xf BRZH A7 1A, 4t
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AR 4K (]l 3A-3D),
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Figure 3 DEGs volcano and histogram. A: PBS vs. FMDV grouped DEGs volcano. B: PBS vs. SVA grouped
DEGs volcano. C: FMDV vs. SVA grouped DEGs volcano. D: DEGs number histogram.
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Table 2  Screening for differential genes information sheet

Gene ID Gene name SVA group FMDV group Protein annotation
ENSMUSG00000051839  Gypa Up Down Glycophorin-A
ENSMUSG00000020641  Rsad2 Up Down Radical S-adenosyl methionine domain-containing
protein 2
ENSMUSG00000091694  Apol1lb Up Down Apolipoprotein L 11b
ENSMUSG00000020490  Btnl10 Up Down Butyrophilin-like protein 10 variant 1 precursor
ENSMUSG00000034127  Tspan8 Up Down Tetraspanin-8
ENSMUSG00000073400  Trim10 Up Down Tripartite motif-containing protein 10
ENSMUSG00000042066  Tmcc2 Up Down Transmembrane and coiled-coil domains
protein 2 isoform
ENSMUSG00000037124  Trim58 Up Down E3 ubiquitin-protein ligase TRIMS58
ENSMUSG00000073063  Hbqglb Up Down Hemoglobin subunit theta-1
ENSMUSG00000082101  Sfn14 Up Down Protein SLFN14
ENSMUSG00000022099 Dmtn Up Down Dematin isoform 1
ENSMUSG00000034059  Ypeld Up Down Protein yippee-like 4
ENSMUSG00000096351  Samd1l Up Down Sterile alpha motif domain-containing protein
11 isoform 1
ENSMUSG00000028542  Sc6a9 Up Down Solute carrier family 6
ENSMUSG00000001014  lcamé4 Up Down Intercellular adhesion molecule 4 isoform 2 precursor
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2 < = < = 2
z Zz 1L
z & 5 05| Z Z
s ! B E E g |
o= - (5]
E 0 5 < Z 00 = Z0 XY Z0 =
) o S K\ = S R\ = S g = S K\ad
= = PN 2 NS ERA 2 TN

R E P<0.05;* 83 P<0.01;***f{3& P<0.001;ns {3 not significant

Figure 7 Mouse transcript qPCR validation. *: P<0.05; **: P<0.01; ***: P <0.001; ns: Not significant.
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Figure 8 Antigen stimulation RAW264.7 qPCR validation. *: P<0.05; **: P<0.01; ***: P<0.001.
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W IL-12, IL-33 MRIREDERA -5, B
Wi 20 M 5 FMDV 5 SVA KIGHile , Hili
B 05 4t AR 1k DA S 52 B AP St Bk A e 7 v A7
TEZ S, TEHGHE CD4™ T 4l /b 372k Thl 5
Th2 1) T MNE T HBAAEZER . X—450
W] FMDV., SVA KiEfilsif/ hNe, %%
/NEUAN Thl 5 Th2 S B &K AAAE2E 5
Rsad2 J&— Fp T4t & fi] i 3 [H] (interferon-
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