A SR IR Dec. 20, 2023, 50(12): 5413-5426
Microbiology China DOI: 10.13344/j.microbiol.china.230616
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

2 RUESERR BRI A ) RASBIBO A0 EE B A RUA Y
S

AL, mERY, i, AR RERE Y XY, FART

1 gl TR =GR EBE, T4 M 510225

2 JTARELOFERE Y DAV AR & SRR R E AR E LR S 2 512 Wi
AR ARB 2 M SZ, T7A T 510640

3R &EFAESLARAR, 74K WlE 516400

MRk, BEELE, 2, B, RERA, XYL, FER. 2 BUEBEERER IR /) BUSTEL gk S G s A 2 i 0], e
SRR, 2023, 50(12): 5413-5426.

SHI Keda, ZANG Ying’an, LI Yan, ZHAI Shaolun, XU Minsheng, LIU Kai, LI Chunling. Establishment and transcriptomic
analysis of the mouse model of meningitis caused by Streptococcus suis serotype 2[J]. Microbiology China, 2023, 50(12): 5413-5426.

M OE: [#%]1 2 & %4 3K 8 (Sreptococcus suis serotype 2, S sUis 2) 7 & 3 15 £ 5] A2 = & 44 fu 12
K, sHHRHLAFALNETA 2LMRERRM. [B6] HWES suis2 &g A LAER, 7
A LA R BATHE R AL F 04T, AHBT S suis 2 B A5 5 51 RIE K 6o T A Fe LI 69
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ARETZFZET@ORS AT MR A mIe R, AhIEAT O THF. HRAE.
BT, ZALBAF@ANELE, AESTHETHEALS. KEGG @G ENHT AN £
FERZEARAETZZETEANTEZNETE%, OB F-@ieR T k48 ZAE R . F 5 A48
KB A TIEIL . mie A S AR F . B B R, IR AY 2 E A~ B F (brain derived neurotrophic
factor, bdnf) A A XA FIRBE X XIKAR L. FEXKAR Ef Ssuis2 B2 FREAAE, Bk
X2 % TiH; cdb. fas. icaml. cxcll. csf3. Irgl A= ndel A F XA FhE X xBEAEAF &4 S suis 2
B ERFEEARE, BRZHDE LA, (LRI AFRMET S suis2 &gy SR XAEA,
FATRL AT T RAF oM, BT S US2BEEDNRAMFEANATRWEFRALEF 5
FlE T, FHLH T o T THEKMNL, A S suis 2 B L7 AMBE X 69T FRRET
0 AR Fa B L 096 T $R 8

KEEIR: 2 ARAEIRE,; BR¥E; RMEX #XAF, LARE

Establishment and transcriptomic analysis of the mouse model
of meningitis caused by Streptococcus suis serotype 2

SHI Keda™*, ZANG Ying’an™', LI Yan?, ZHAI Shaolun®, XU Minsheng'?, LIU Kai’,
LI Chunling

1 College of Animal Science & Technology, Zhongkai University of Agriculture and Engineering,
Guangzhou 510225, Guangdong, China

2 Institute of Animal Health, Guangdong Academy of Agricultural Sciences, Key Laboratory of Animal Disease
Prevention of Guangdong Province, Scientific Observation and Experiment Station of Veterinary Drugs and
Diagnostic Techniques of Guangdong Province, Ministry of Agriculture and Rural Affairs, Guangzhou 510640,
Guangdong, China

3 Shanwei Jin Rui Feng Ecological Agriculture Limited Company, Shanwei 516400, Guangdong, China

Abstract: [Background] Streptococcus suis serotype 2 (S SuUiS 2) causes severe meningitis in
the host, posing a major threat to the pig industry and human public health. [Objective] The
mouse model of meningitis induced by S. suis 2 infection was established, and its brain tissue
was analyzed by transcriptomics to provide a theoretical basis for revealing the molecular
mechanism of meningitis caused by S suis 2 infection in mouse and discovering potential
therapeutic targets. [Methods] S. suis 2 was used to infect mouse, and the histopathological
changes in the mouse brain tissue were observed to verify the model of meningitis in mouse was
successfully established. Furthermore, transcriptomic analysis was performed to identify the
differentially expressed genes (DEGs) between the S suis 2-infected and uninfected mouse.
Moreover, gene ontology (GO) functional annotation, Kyoto encyclopedia of genes and
genomes (KEGG) pathway enrichment analysis, and Venn analysis were performed for the
DEGs. [Results] S. suis 2 successfully infected mouse and caused meningitis. The brain of the
infected mouse showed infiltration of massive inflammatory cells and perivascular cuffing
around the blood vessels. Moreover, the S suis 2 strain was isolated from the tissues of the
modeled mouse. The results proved that the mouse model of meningitis caused by S suis 2
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infection was successfully established. A total of 397 DEGs were identified, including 109
genes with down-regulated expression and 288 genes with up-regulated expression. GO
functional annotation showed that the DEGs were mainly enriched in the cytoplasm, plasma
membrane, signal transduction, regulation of transcription, apoptotic process, immune system
process, response to bacteria, and protein binding. KEGG pathway enrichment analysis
indicated that the DEGs were mainly enriched in multiple important signaling pathways
regulating host cytokine-cytokine receptor interaction, response, apoptosis,
phagocytosis, and metabolism. The Venn analysis showed that the brain-derived neurotrophic
factor (bdnf) gene converged in meningitis-related genes set, deafness-related genes set, and
DEGs set of S suis 2 infection, with significantly down-regulated expression. The c4b, fas,
icaml, cxcll, csf3, Irgl, and ndel genes converged in the meningitis-related genes set and the
DEGs set of S suis 2 infection, with significantly up-regulated expression. [Conclusion] A
mouse model of meningitis induced by S suis 2 infection was successfully established. The
transcriptomics of the brain tissue of the model mouse revealed several key DEGs and signaling
pathways, and the molecular signaling pathway network was built. The findings provide a new
theoretical basis for revealing the molecular mechanism of S suis 2 induced-meningitis and
exploring potential therapeutic targets.

Keywords: Streptococcus suis serotype 2; infection; meningitis; transcriptomics; immune response

immune

1 5EER T (Streptococcus suis)jt:— A 7 3t
AR L, IR S F R DRSS | BOE |
KRN IESR . R IEBESUR AR, S suis
AT LAY R 35 Fh(1-34 BUFN 1/2 )M ig AL, Horp
MR 2 Al U, R R, Wies;
TR A E RN Y 2 RO EEBR
(S. suis )i BIFE 1968 4F i FH 22 i, £4E
245 1 600 ZBERGL B, BEE . HUZE
25 E AP E R NG S suis2, 5l Kk
FET-O, AR, At A A HUR B B
RIET, S suis2 7E 4 A B A AT ™
o TR NS 3 T AR f e

S suis2 JRYLREL S ERAM 4 SR
H g2 I2vi . Dominguez-Punaro 25" fifi ] S suis 2
SR /N BRI 5T R I, IR /0N BRI Y
B =1 7K - 59 i 98 YR BB [ F- (tumor necrosis factor,
TNF)-a., IL-6, CCL2 il CCLS5 %5 4 i [H T Fl#4
AR, eI A A 1) /) Bl i i 2% 40 e vp
P TLR2, CD14, NF-xB Fl TNF-a & % i i

b B 4T mRNA KF B, RBRIER
NiTE S suis 2 8L /NI &S AL ] Hh ke B AR
FHl. Vadeboncoeur %' Schwerk 2"t % 3
S suis 2 REME 5L TE 32 B2/ b K A A R 4
FafLIR 7 IL-6 . IL-8 Fl MCP-1 Ay K™/ A
iRIERW, S suis2 BYetE F 5, 15 et
A RGN E, WG B R4 L) NF-xB Fl
MAPK {5538 1%, 518 K& R R F Ak HE
TR, T EOE AN & A R T

HAl, KREHETF S suis 2 &Y AHFIT A
b P e U e e gt ke 3
ANE G RGAE S suis 2 B YL AR TR B AR
FHo H T I e B B A REaR ) BE B AE T, AT B
Wi A1 JEL 8 BRI 5553 . DU fo g% 2
Mo SE e B b E A AR RS rh, (R A
32 A R G O T AR, A AR DR i A
22 A0 RGP o 5 D A RN A B T 4 4 5 1020
fH S suis 2 S8 YL 32 IR I fii e 55 15 | e i i€ ¢
(14 43 F LA AT 21
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B SELLIN R A AT LT 02 00 FH il A 4 R g
BLHIRFZE . BE 2R 55 Hh B B )5t 5 1 32 =2 [ 1 A
HAEM X R de Greeff 2511 Liu ZEU8I%}
S suis 2 JRYL 5 RGN B E LR AL THP-1 5%
NPT S T R B, AN 5 g
N7, fE ERE . diE TS SES RS K
FOFERFIR B B Li 250N S suis2 YL
() RBLIUE A 755 S 2 2400 A, 4 SR T R B0 1
S suis2 FE T Toll F£3Z 44 2 (Toll-like receptor 2,
TLR2)F CD14 iR 06 M DG 1, FF28if TR
i R T R AR DR 7 A e K20k, 4 1 7 R
WAL, HET, 2T S suis2 BYe/NLT | g
9 S5 BEAR I A P 5 SRR AKSEATY SR A AT, 51 S Bk
FR 58 1) 40 F LTI 28 A WL PR 41GE o

ABFFERIE S suis 2 SR/ BN IR 4 8
Xif A S B0 G L S A TR SR AL b, B
TER N S osuis 2 %L | i B 48 19 03 %
ML, S suis 2 YL |k B 5% 1L
il 5 B AL T 2 (0 B AR B

1 MR5r%

1.1 SERuEnYY)

10 H 4 JE % | JoHr e f i (specific pathogen
free, SPF)Z% 5% BALB/c HEVE/NEIG AT A4
RSy, T ARA LB
PAWIFERT SPE /NR LB 1 5% . sh¥siiss
J7ARAE R B B sl ) 1A 92 Bl 52 5 sh ) 12
PR A 2% 5123 ¥ A AL E(Y C-SPE-2023018)
1.2 FEFILF

fixi - 0> 3= W& [N ¥ (brain-heart infusion broth,
BHD#5 SR MM IR IG I 2, T AR A IHEY
BHEA RN B ER I, TN EYR
FABRAF; BAMHE Y (polymerase chain
reaction, PCR) 5L} %¢ % it PCR (real-time
quantitative PCR, RT-qPCR)FH I , Fg 5l 45 M

YR A BR S F o PCR A RISER 986 5E
it PCR X, Roche A w]; BLOML, WIS
FAUERTF R A BRAF]; B TAES, ESCO A+ ;
B G R g, g REeAMmPlEABRA; fE
AR A, BRI R A R A,
1.3 S suis2 BiEF

P PR UL B EC ] BHI 553835, AN I
T, BOHIZURIE N 10%/NE MR S suis 2 K
Fikk, BU5 pL B9 S suis 2 WRAFETEINA 5 mL
S suis2 K5k, F 37 °CIEIRIRGHFEIR 225 r/min
P 598 8 h, —EBor R A T A0 R R A T4k
— RN HCE 4 CCUKF %
1.4 S.suis2 BN

B S suis 2 Fil 4 000 t/min B0 5 min, 3
F 13, A PBS Bii sk 1x10° CFU/mL
) S suis2 TRIR B2l A H/NRULIATE ST 100 pl
S suis2 H, 25 I R4 SHE AR PBS,
FRE B/ N RRZS o IR 48 h 5 Xt/ R 7
FMETLALEE, FIK, BURNAZ, RIARRD
AR B 22 B R VR i A\ —80 CCIKAR TRAT
1.5 S suis2 I EfMEE

WHATEC B . B ET
Hisad, M 715%EEmEE, TR
PITFHEY, G et (1) 0 B H2 b oA e B 2
IR, SR - R 2 22 v 22 P T il BB 45
FRILJF, 37 CCHHIEEFE 18 he BRBUAAH K
KKEFE, Bl UEAT PCR I 18 A BUIG SR I L Tk 2
%E. PCR 5|¥fEH L5 1, PCR &M Taq Plus
Master Mix LI #17. PCR 14 & Fl 5 b 551
£:2% Taq Plus Master Mix II i3,
1.6 f4ALRFYIF I H&E 3

W T A2 g 1 M 2 2 0E AT TR ORS A RE I K
(50%. 70%. 80%. 90%FI 100%4% 5 min), —
HORGER] 10 min 2 K, HANRIEEIE 1 h, ¥
WISV, VIR 4 pm. KA T 56 °CHET
3 hEHEATEEE R AK(CHZE 10 min 2 K; B
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%1 Streptococcussuis2 PCR £ESIMER
Table 1

Primer information of PCR for detection of Streptococcus suis 2

Gene name  Forward primer (5'—3’) Reverse primer (5'—3") PCR product length (bp)
16SrRNA  CAGTATTTACCGCATGGTAGATAT CTAAGATACCGTCAAGTGAGAA 319
cps type 2 GTTGAGTCCTTATACACCTGTT CAGAAAATTCATATTGTCCACC 460

Wik 100% . 90%. 80%. 70%F1 50%% 5 min)
F1 H&E %% {% (hematoxylin-eosin staining).
1.7  B53R4E SRR FON P

i 2H A i El B R KR DRI RF B AT B 2% W) gk A7
A RNA FRIHC, SCEM AN Y 5% s 20 5 A
AR F BR A KL RH B A RS W] s HERRAE
WMAEEMLT, FELEN . B—EEn RNA F
dnn, T RS PEFTOTH T g5, ] oligo (dT)
R & 5 mRNA. FTIH mRNA S % 53t o — 4
cDNA FI%5 — 4% cDNA, RunfEs . I Az
Sk, MR AR, FRCERNEY, &
SXLEE cDNA R, FFAE 3R b A A ;
Be il ki O A R, PR E R, ff
K5 cDNA #H#. K PCR X ¢cDNA
PR HEAT YR, RS SCPE AT RS, AR
48R R B A BR 2 il %) b o A P 450 A i AR
17 ¥ PCRZWABYE R EeEf5, Bl 2Rk I
NARR, HE RN, 158 REE T
Vi, HALERBEIIMMERIZE DNA 45+ Bl)E
AL (BRI A KR 1 B R A A BR A ]
MGTI 2000).,
1.8 FEREMFLERTIN

B0 77 L 4 B4 (raw data) {4 & NCBI
(BioProject % 5% 5> PRINA990671)., 4k fifi I
Dr. Tom 2 21 *#J4a 42 4 R 4t (https://biosys.bgi.
comopen in new window) 1 7 Ec i - #r . £
208 . 22 5 AR GK LA 3 Bl ] HISAT2 (v2.1.0)
WA clean data HEXTREISHIENA b A
Bowtie2 (v2.3.4.3)¥ clean data M X} %2 2% JE [N
R L. ZSEIENEH Dr. Tom Z24H %52

i Rt X 22 S FRAR B R R A T R A A8
(gene ontology, GO)IRE & £ /M . U #RIEA I
K 20 F FF 445 (Kyoto encyclopedia of genes
and genomes, KEGG)ifi [ & 5 /34T (http://www.
geneontology.org/open in new window), X &
P<0.05 J9 i 3 3R ik 22 57 B {E .
1.9 RT-qPCR I&iF

BN UG Z4H 24 5 RNA 800 pg, % vk 5
fii(HiScript® 11 Reverse Transcriptase)i 7y il
%, IRULA BRI VAR R, 37 °C 15 min,
85 °C 5 s HEATIWIRL L. WiHE S5 (9 cDNA
T£ Roche LC480 ¢t & PCR {Xili1 T RT-qPCR.
BiE AL 1E 5 | )7 41 L 3% 2. SR A SYBR Green
Master Mix #£47 RT-qPCR S . JZ i 5440 -
95°C Smin; 95°C 15s, 60°C30s, £ 60 °Ck
% SYBR ZOL[5S, 40 DMEH.
110 ZHFESDH

/N ZUR T 3 Yo7 5 2 A AT
E SR 2H 2 /0 M A RT-qPCR i35, RT-qPCR 52 4%
Bds LI B 8 bR 22 3% 7%, W GraphPad
Prism FOEATEIRS T . 268 E i PCR
SRRt I T B E M E R, *
P<0.05, **: P<0.01 /R 27 HA G E L.

2 EREGHN

2.1 S.suis2 BeF/NRANIR A IRB A E
BALB/c /NRAE S suis 2 JE&YL 48 h 5 HE
FEARUTAR . B BEREL. BIED, ¥ S suis 2
RGN R SIHEAR AL I, IR . S suis 2 By
RN TN L 1 (ES I V-9 AN = 0 D s
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*2 ERRIEEME RT-qPCR BKIES| )

Table 2 RT-qPCR primers for the differentially expressed genes

Gene name Forward primer (5'—3") Reverse primer (5'—3")
Irgl CCAATAACTCTCTGTCCAGCACG TCTTGTTTCGGTTGGCGACCAG
cd300If GATGCTGGCATTTACTGGTGTGG GGTTGTCACTGTGAAGATGGTGG
sele GGACACCACAAATCCCAGTCTG TCGCAGGAGAACTCACAACTGG
i11r2 CAGTGCAGCAAGACTCTGGTAC GCAAGTAGGAGACATGAGGCAG
gpré5 GGCACAACCAAGCCACGGAAAA AAAACGCAGCGGATGAGCACCA
notum CGTGGTACACTCAAGGATGTGC GCCTTATGGCTGTCATGGAAGC
fam180a CATCGGCCAAAGAGGTCCTTGT ATCTCCAGGTCTGGGCTGATCT
pkpl CCTTTCTCTGGCTGGTGTGATG GAGTAGTTCCGCATAGTCTGGC
erg2 CCTTTGACCAGATGAACGGAGTG CTGGTTTCTAGGTGCAGAGATGG
dbnf GGCTGACACTTTTGAGCACGTC CTCCAAAGGCACTTGACTGCTG
S. suis 2 infected B Mock S. suis 2 infected

A Mock

C Isolates

S. suis 2 Brain Heart Liver Spleen Lungs
= = A ET AR v =

D Isolates Isolates

M s et et et e

bp M s Wit (weeget Wy, bp

16S rRNA cps type 2

1 Streptococcus suis2 B/ NRMPERAERMNME A PMERKAZL B: /NEKAS H&E e fa. C:
RSB S suis2 MR IEVE L. D E 43219 S suis2 16S rRNA Fll cps 3[4 PCR 4. M:DNA

Marker

Figure 1 Streptococcus suis 2 infection causes meningitis in mouse. A: Brain tissue of mouse. B: H&E stain
of brain tissue. C: Colony morphology of re-isolated S. suis 2 on blood plate. D: PCR identification of 16S
rRNA gene and cps gene of re-isolated S. suis2. M: DNA Marker.
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LUk g5 R R, ARG S suis 2 B/ R
i RS 35 A7 R B ARRE A i, I A8 ] LR i <A
B4 (B 1B). 451 %W, S suis2 Kok
BALB/c /N, P4 /N BRI B AR B R B 0y o SR A
BHAGE , MY RN AN AR
S. suis 2 FRArEHF i T PCR %78 . &4 418145
B AT S AR AR BT 37 °CHEE SR
24 hJ5, WkEKAM ., oIk, S5EHR
PR—2 (B 1C). PCR ZREW], AU
MIANIEIIN S suis2, 16S TRNA JEHFHME:, 2 7Y
S i £ B (capsular polysaccharides, cps)Ji&[H FH
P, SHEER%—Z(& 1D).
2.2 S suis 2 BRF/DNRMRAEMELNER
RIEEREZHF GO EE D

X723 (% BEZH /N BR(n=3)F S suis 2 By
/N BRU(N=3) ik 2 S A 7 i 2 2 o0 i o T AR
PRIk 22 R {H . log, (fold change){H KT 1.
P<0.05 4 B E M2, TR S suis 2 fI/M
i A B 109 A IK T AL 288 KX
B KB T BT E R A,
FEARTE T 22 S5 B & L AR (B 2A). X
e 125 R R IB A AT RIS, S suis 2
YL 3 NI REAHIZS A IR 3 A AL AE
AR 2 DR B, B2 7R85
DR 1 Rk YA ARG i A2 M, B Al % (8] 2B).
L F A W3 2 (biological process, BP) . 4l il i 43
(cellular component, CC)Fl43 I fE (molecular
function, MF)[Y 2= R KB A #1T GO ThaEH
Lobr. WEEELSRELI(E 20), EEEE
2 5 T B E AR TE 20 B 53 1) 200 5 R 24 A Jo
&, Wi BN 1E 5 5% (signal transduction) |
2 5% 1E JH 4 (positive regulation of transcription) .
& 1= (apoptotic process). #tJ% Z 41 F#(immune
system process) Fl X 4l & ) i % (response to
bacterium) % AH X T RE, 0 FIIREM B 46

(protein binding) %5 #H K I RE .
23 ERFRIEEEKEGGBHEEE S
WX 4% 53 1

2R FEN FEEARALE 10 D RENE
AHIC Y (& 3A.3B), 7351 4 A7 W (phagosome) |
JH 1 (apoptosis) . JHJE IR FE K 15 5 38 % (TNF
signaling pathway). NF-kB {5 5-ifl [ (NF-kappa
B signaling pathway). AGE-RAGE {55 i %
(AGE-RAGE signaling pathway). 4 &% {05 %4 Bk
T 844 (Saphylococcus aureus infection) . #MAFIEE
1fit % % (complement and coagulation cascades)
PI3K-Akt {5 518 }$(PI3K-Akt signaling pathway) .,
MAPK {55 5 i % (MAPK signaling pathway)#ll
JAK-STAT f{i5 5@ #%(JAK-STAT signaling pathway).
FEVE . MRS (5 S am B . O T B
I NF-kB {55 5% T8 % o S B B [ Rk 20 |
o Horpr, fas3 JEPI N nfkbia JEPHOCHE 3 M4
JEN B AR T, icam, sele Fl hras kK Ik
4 A PE N A AH G B A5 53 1

25 55 BRIk FE IR IA & 4 T A1 38 #% (metabolic
pathways) . i £ [ {& - 32 {& A B V& F 38 B
(neuroactive ligand-receptor interaction) . il ffy
F-H 32 A A0 HAE F (cytokine-cytokine receptor
interaction) Fl1k 45,1k 47 il 1A 344 5 10 S T 2 A4
i j#% (peroxisome proliferators activated receptor
signaling pathway, PPAR signaling pathway).
24 ERREEREFESH

1t DisGeNET “F- 5 (https://www.disgenet.
org/home/)#x ik J5 4¢ JC I 5L IR FD B8k A 56
EREL, SRR S suis 2 YL IN 2= 7%
KR PEATHE R M. i 4 B, Bk
255 3% [H F-(brain derived neurotrophic factor,
bdnf) L [Fl 52 25 TN CHR AL R 4 . Bk 4k
KHRIENEEFN S, suis 2 JR YL 22 7 RN FE AR
g, FEHRDOKF T BEAh, cdb, fas,
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A: Volcano plot of differentially expressed genes. B: Heat map of differentially expressed genes. C: GO
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~ dpaft JAK-STAT signaling pathway \
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fas s00s3

/ NF-kappa B signaling pathway e
fitrt = iiera g
/ gz o L & @ dz
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Figure 4 Venn analysis of differentially expressed genes in meningitis infected by Streptococcus suis 2. The
red arrows indicated the up-regulation of differentially expressed genes, and the green arrows indicated the

down-regulation.
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