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Abstract
BACKGROUND: There are differentially expressed genes in acute intracerebral hemorrhage, which are related to the occurrence and development of
intracerebral hemorrhage.
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OBIJECTIVE: To screen differentially expressed genes and key genes in brain tissue of a rat model with acute intracerebral hemorrhage, to validate them through
PCR, and to analyze the relationships between key genes and the neurological function and brain tissue water content after intracerebral hemorrhage.
METHODS: Seventy-eight Sprague-Dawley rats were randomly divided into two groups: in intracerebral hemorrhage group, a rat model of acute intracerebral
hemorrhage was made using collagenase injection at the right caudate nucleus; and in sham-operated group, rats were injected with equal amount of saline

at the same site. RNA was extracted from rat brain tissues of both groups using the TRIzol method and transcriptome sequencing technology was used to
identify differentially expressed genes in brain tissues of acute intracerebral hemorrhage, which were then verified by gPCR and analyzed for the relationships
between the genes and neurological function and brain tissue water content after intracerebral hemorrhage. And the key genes were analyzed by GO and KEGG

functional enrichment analysis in combination with bioinformatics.

RESULTS AND CONCLUSION: Ten key genes were identified, including CXCL8, SERPINE1, TFPI2, CXCR4, GDA, KCNQ5, ERICH3, SCN3B, CACNA1E, and CCL20. The
contents of GDA, KCNQ5, ERICH3, SCN3B, and CACNALE in the intracerebral hemorrhage group were lower than those in the sham-operated group (P < 0.05).
The contents of CXCL8, SERPINE1, TFPI2, CXCR4 and CCL20 in the intracerebral hemorrhage group were higher than those in the sham-operated group (P < 0.05).
The contents of GDA, KCNQS5, ERICH3, SCN3B, and CACNALE were positively correlated with brain tissue water content and neurologic deficit score (P < 0.05),
while the contents of CXCL8, SERPINE1, TFPI2, CXCR4 and CCL20 were negatively correlated with brain tissue water content and neurologic deficit score (P < 0.05).
GO analysis indicated that differentially expressed genes were mainly enriched in two biological processes (leukocyte chemotaxis and chemokine-mediated
signaling pathways), two cell components (cation channel complexes and ion channel complexes), and two molecular functions (gated channel activity and

ion channel activity). KEGG analysis indicated that differentially expressed genes were concentrated in tumor necrosis factor signaling pathway, glutamatergic
synapses and GABAergic synapses. To conclude, the differentially expressed genes in intracerebral hemorrhage include CXCL8, SERPINE1, TFPI2, CXCR4,

GDA, KCNQ5, ERICH3, SCN3B, CACNA1E, and CCL20, and these genes are related to brain tissue water content and neurological function after intracerebral
hemorrhage. These genes are mainly enriched in cell components, binding functions, cellular protrusions, and other related biological functions.
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Funding: Guangxi Education Department Project for Improving the Scientific Research Basic Ability of Young and Middle-aged Teachers in Universities, No.
2020KY07015 (to GYG); Self-financed Scientific Research Project of Guangxi Zhuang Autonomous Region Health Commission, No. 20210943 (to GYG), Guangxi
Traditional Chinese Medicine Key Discipline Construction Project, No. GZXK-Z-20-47; Guangxi Medical and Health Key Cultivation Discipline Construction Project,

No. [2021]8

How to cite this article: GAO YG, ZHONG J, HUANG DQ, MA YJ, LIAO YX, LIU QQ. Sequencing, verification and functional analysis of differentially expressed
genes in brain tissue of a rat model with acute intracerebral hemorrhage. Zhongguo Zuzhi Gongcheng Yanjiu. 2024,;28(20):3182-3189.

0 5| Introduction

Fifi S T Sy [ 22 0 R U R . B i A R
— W, Bt rp E A S SRR IR, LR R T
s H I 9 A e A B 2 it B R A e . AR ERE A
AREATEZEIR, REENAHAE SN, BETZREENE
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BRI, B SRR AL AN YE 7 5 s 6 T RO 2 SREUCA 5
PERVRITHE I $Rm AP R RO E 2, BT (RNA-Seq)
ST A PR AE RS IR A R BT Re e Sk SR I BT mRNA,
MTTHER R AT SR R IE 22 57 . SER 45 AR 5

AR, S LN P B AR E T i IS B e 7
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M2 i i 2= R R, TR HTZ . RECH £
YT B B S YRR 5T A T B s 4L B R 07
UV H i 4 2 rp 2 R R IA R SE R, 12 qPCR HE— D5
UE, FEArHTIX S I [R5 i O S AP Th e . LS K E
KFZ, JHikT GO, KEGG BH4Hr, NTFHIGTT It fAH
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1 #EFn753E Materials and methods

1.1 %ot B BRI 1% 22 e i R S DR 23T

1.2 B BHe,E SIS T 2021 453 H & 2022 456 HAE T
W 2R 55— B R B B S 30 = B R AR B R R A TR A
] S8

1.3 ##+

1.3.1 SZISAPR. 288 TagMan MicroRNA Assays(20x)( ZE 2k
K ); Trizol(Invitrogen, Cat.N0.1596-026); TagMan MicroRNA
iR &
1 W (35 [ Sigma /A 7], Cat.No.50190619); Dnase/RNase-FREE
Water(Roche, Cat.N0.11119915001); 5 plL fikiEid5 28, Wiz
AR SEAX ( A 28], ST-4ND); PCR {X (Roche, LightCycler
480 11 ); B0 #L (Thermo, Microl7R); 4LZURFES (X (X
FRAL R A REHL AT, KZ-HI-F).

1.3.2 SR K WK TR EIEDE ARG IR 260
NEERE 4 U1 SPF 2% SD KR 78 I, JLrpfetd: 39 H, MibE39 H,
A5 B (503£24) g, VFRTIES A SCXK ] 2019-001. 1AlFRiIEFE N
23-26 C, W/ 44%-55%, JGHEIHE 9: 00-17: 00,

SR FYEFE T PR AR A SR L, ZIH
HISESS 5 Rlid R R AR R L R oA, RSN
DW20201011-77.

78 L SPF % SD K f 5% I SPSS 23.0 7 4= i WL %1l b ML
SrH 24 Wi 39 R, HoebaErk 19 H, Mtk 20 K,
A J5 & (502425) g, v i e i g A A i 1 LAY s (TR
39 H, HEME20 H, fEME 19 H, fRE (505+23) g, DL
AR SRS IR B, #RAE IR o 2 2 KRR ol R A T
AL ZE RO R EERE X (P>0.05).

14 FE¥%7ik
1.4.1 HfERAR
PxiImeR: AAT4hZEer, 15 3% LI ZEN (45 mg/ke,

Reverse Transcription Kit(Invitrogen, Cat.N0.4366596);
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PRI SE ) R SE IR, RIS Th G KBRSk [
TESIARENAER b, TERTXKEES 1 mm, fRds 3 mm FIALE,
LT HMBERZEOME, &1L, EAZ 1mm, fHH
SEARTEAAX B R S Ak ET 6 mm, B RS 0.25 pL
(1pL &F 0.2 U RIERE, JFSTHHZ) 10 min), FHEERE,
{541 5 min, FZ18IRE .

BFEARE: DI%E 0.9% FALMES A KIRE, J7
125 17 g D g i o afm AR

AR T A2 RO RIIEIRTTR AP AR K ()R«

ERER GG AR K ERASE R A AL 28 o 2 e RO PR R TR,
TERHEREIR], )W oS D 55 it o J5 P22 D RE . A ZH 0
TR R

RBVE AR IRRREY SR oK BRSBTS M e

ESA ML FEA A B AT B A

EUE/LEES SPF % SD KB B KU T R B A M HoRA IR A 7] $ it

BRI AR U= PN iU i PR deiVA L VA€ S e {1 S E

J& Lmm, fiif 3 mm BOALE, A T4 AR AL,
Bl LANNAL, BEARZY 1 mm, 3R LR E LA AR L
TEAT SRR 6 mm, PEGTEREE 0.5 U( £ 10 min), JER S
WIS, 745 min, EENREE

B ER AR 78 JUKRMREHLD iy AT AR A, FEH 39 W
ERARINTNERR 8 R RISV B 5 J b 22 D RE SR A PF 23 BEAT RN

OKRMGALPTEAN - RALgOMEE . IMHIE KR K
MDAV QMMZLSUE 7 BE R L4 R OUiE L
RERERAMALR P IRIE ORERF S5 MHR S KE
HIK R ©REIER 5 M DDA (K R

EREALIE MZTIREGRITP IS, BRI BRI A7 0 R A I A 21,
HEAT JE B4R AR A D
REBERSHE SIRTT KA VP R E A B G ik (LRSS

DW20201011-77)

1.4.2 thEDREskBIVE) G 24 h )5, W SRE R REEAT
ZDIREGAIT I - S Longa PR bxitE: 4 73 N KR ICIEATE,
BARRERG: 3 ouTh EEAZ DRESRAR ( KB 2 BTRY ); 2
TP EERR 2 ThREBRA ( K RRATIEIN [ 22 el ); 1 0 v
FEMp 2 D RESk A (K IE RN ZE AT B i ); 0 7 NP Dhfe
IEW.

143 PUNHL B Tigi24 h 5, FRRREEE, i
JESTTE SR ET SR DR BN LB, B2k, F0H 30T,
PROJFEE 0.9% SACANE S BGEE PR E, LB 51 A
ALK KR ERGEH, REMM 40 g/L 2 R P S BOET
TP fEREE, BRI S AERE, RETT, B A
FEARAZ M2 23 (B4 I f) AT g 22 ), A

40 g/L 2 R EERE E W RAT, (T 552 RNA U R ER D) Fy
ML

144 REgANFPHT BENLEC 2 KRR % 4 RN Z, o
BRI, R TRizol Ab3E, MK A HEEL RNA, 43 H i
AR, &5, 1] VAHTS Universal V6 RNA-seq
Library Prep Kit il % S, Rl SCE iR, {81 cyanine 3 3¢
FEFRIC T FEATY Y, K RUEE PCR P SEEREE &, IHFARE,
8 H 1lumiCode 3 41] ) RNA Tl 51 e 52 P o Xof e 38 £
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RNA, it — 8 F htseq-count #1451 B L6 it &K T 10 ¥
reads, JfiI% RNA FKIX count FE [, i JEHAE 2 B AR
ARIEMFER, FHAThRHEAL, HBEAT 5 10 7 A 6
1.45 JpAK - RO BN BHE S HRRMAL,
SEMNAL, 2 OEERK, N R K R, Mg
SEIEVPIRA, R AT, FHY R ITIRRA
TRCHHAT I, Jeft, ZpAb. SR, K, B4, B&HS
PER iR, {8 A 200 F5 5 R LRSS R

1.4.6 PP 25 Kl 73 iy AN IR DG [R] SR FHTEZR ) STRING
& SV (https://cn.string-db.org/) i THI 4= R DG R 1) 2 48
PPI(Protein-Protein Interaction) & [ 18] HAE K, I PPl W%
B iEid Cytoscape B AT I ALK 74T, 18I MCC ik,
RE I 2 S HEAS BT TR 10 7 (13 R N G B [

147 MHZIEKE B 15 HSEIG R H I BRI A L 2N
TR, HUERE N 100 °C, BRI RN 24 h, 55 HART
JiE . INHZUKE B (%) =( 15 - 5 )/ 15 x100%.
1.4.8 ¥R HEEE SN (QPCR)  AEZAIE] R A 15 WK
FIIZHEN, BATHTES JG, RS RNA, TIEIRIE, SOEEHl 4%
cDNA, & 5 Fl R 43 TR, % RT primer tube M -80 C
PKFE R ECH AR, NI primer, 8 S /8 56 4 56 15
JN PCR A IRBEEW G, MHLG A st 2k, Kb
WA IE, BEATHMK, 45, CHIHEIE, BUHER, HHT
et 25 min, )5, EBE, REEEIRBUE RAMEELE R
FHEAE, W3k 1.

=1 | 5I9FSIRFKE

Table1 | Primer sequence and product length

A S (5°-3) T (bp)
CXCL8 |3 CTG GTC CAT GCT CCT GCT G 19
Tl GGA CGG ACG AAG ATG CCT AG 20
SERPINE1 |37 CTC CTC ATC CTG CCT AAG TT 20
il GCC AGG GTT GCA CTA AAC AT 20
TFPI2 L GTG GGC TCC GTT CTT GGT C 19
il AAG CAG CCT CCA TAG TTG AAT C 22
CXCR4 _|¥}# GAG CAT GAC GGA CAA GTA CC 20
il TGG ACA ATA GCG AGG TAC CG 20
GDA _FJif TCT GAT GAG TGA ACT TGG CAA C 22
[ CAA TGT GCA ATG GAT GCT CCT 21
KCNQ5 _EJif CGC CAG AAG CAT TTT GAG A 19
i TGG GAA CTC TTG AGC CGT AG 20
ERICH3 _FJi# GAA CTA CAT GGA CCATTC CCA G 22
i GCT ATG CGG CGC TGT TTT AT 20
SCN3B _EJi# CCT CCA CTC TCA ATT AAC TGC ACA CCC 27
[ 9i CCT GGT TAG CGA GTC TCA GAT CTT C 25
CACNA1E |3 AGC AGG AAC CGA CAA GGA ACC 21
R GGT GGC CAG GAT CAT GTA CTC 21
CCL20 _|¥f# CGA CTG TTG CCT CTC GTA CA 20
Nt GAG GAG GTT CAC AGC CCTTT 20
GAPDH ¥ CAG TGG CAA AGT GGA GAT TG 20
i TGC CGT GAG TGG AGT CAT AC 20

1.49 IThee'® EoMr B FlR ik ok i 2 5 Rk H
(differentially expressed genes, DEGs) %\ #% iz H 7€ £k {5 B £
DAVID(https://david.ncifcrf.gov/) # 17 3£ [X] (Gene Ontology,
GO) AR 73 #r, IR I At 0 kS 28 PR 3 AT 0 40 26k R AR % [
4H 7F 2% 15 B FE (Kyoto Encyclopedia of Genes and Genomes,
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KEGG) 347 A (I Th e & 4R 0BT

15 EEBIEFAT OKBIMAHRRTARS - g%
L ZA 5 KB i D REVT- 70 Ml A 2R 22 5 ik PR i 1 45 %
(3) PPI 57 255 [ Ay S N 5 26 O B L DR 45 2R s (OB UIE k2 [K|
HHMMAL P RRIE; ©RERERSMHALNEKENLR;
©FHEH ML DIREFAIIT D MR R OFREEHE GO AN
KEGG &£ HT.

16 RitFaAr AT R Horh b 2 UL TR 7 idkidv B i
HH ML 22 S R R, SRE SPSS 23.0 #EAT 40T, R TR R ILIE
&M, BT 2R, Ploxds FoR, RA R, HIRIES
P ATEE T3 ZEATES, TR BORE R A BOR DY 3437 R R R
s Bl 18 2 5 LR U RS R, R Pearson i W
PN EZ R, P<0.05 FnERABEEE L. &
Mgtit20E DA R A R EM G L K

2 458 Results

21 FRHMEENAT KISy 2 HIE 78 J, Hrhi
M2 39 R OK RUEAEJ5 3 B sh 2 D Re A, R IR 2 21
Byrp Lk, SIS, TR KRGS R
2.2 WARFGAM -FLUREREKE. WESRITS B
e 200 £ 8% B 0L P ARAMAL NS IER . 40 HES)
T, UMK, FeEE AR, W 1A i i 2H i 20 21
LGSR, P E  afkt, 4 K ELAC BRI AN T
UL 1B iR 2 H A KR A ThRE B E o T T
BHFARA (P<0.05), WE2.

F2 | HEXROMARSKE. MEDLERIRTHLE (xts)

Table 2 | Comparison of brain tissue water content and neurological
deficit scores in two groups of rats

20 51 i 57K & (n=15, %) A FAITS) (n=39)
BRFARHA 69.03+6.24 0.00£0.00

i e i 21 75.8445.34 3.52+0.74

t{A 3.68 18.41

P& 0.001 <0.001

23 EAFARGRLR ILE 2. 0 i g oK &g L)
DL B Ik (1] 2A). PCA ] ( %] 2B) AT UMAP ] ( 5] 2D)
FEOR M i AR T AR AL R A S TF . P2 R) 22 57 W

JrBEI 2 AR ST T L. LA log,FC 4 X > 1 MK IE
P <0.05 NERrifE T, Sk, BRI E H 81 A4 % Rk
N, Hrs s MRk FIFEEFEM 73 ANRIE NIRRT, K
%K 5 22 S B AT AT AL (B 2C, E)s A AR 3 logFC
B K /N 3% HHE 4 B SRR 20 SR 25 7 R R CXCLs,

CCL20. SERPINE1l, METTL14, TFPI2, CXCR4. HCN1. GDA.

ANO3. KCNQ5. WIF1, KCNJ4, ERICH3. RAB27B. SCN3B.

ENC1. SLITRK4, VSTM2A. HNRNPC. CACNAIE, U3 3.

24 PPIMLBEMEAMEXEEIR KBERERNSAE
STRING %{(#fs 273 21— /> PPI W25 |4 (& 3A), it MCC 53k
e EUHT 10 A~ G f FE[K]: CXCL8. SERPINEL. TFPI2, CXCR4.

GDA. KCNQ5. ERICH3. SCN3B. CACNALE. CCL20( [& 3B).

3 | KERKARHRAT 20 LM EFEE

Table 3 | Top 20 differentially expressed genes in rat brain tissue

HH 4 logFC P1H Kik
CXCL8 5.791 923 0.022 702 up
CCL20 4.888 872 0.002 652 up
SERPINE1 4.506 625 0.001 966 up
METTL14 4.404 280 0.002 077 up
TFPI2 4.301 560 0.003 634 up
CXCR4 4.270 813 0.000 225 up
HNRNPC 4.080 124 0.000 178 up
GDA -5.602 590 0.000 426 down
ANO3 -5.285 577 0.000 059 down
KCNQ5 -5.253 615 0.000 215 down
WIF1 -5.159 275 0.000 013 down
KCNJ4 -5.132 767 0.000 226 down
ERICH3 -4.869 261 0.000 127 down
RAB27B -4.861 057 0.000 144 down
SCN3B -4.859 217 0.000 040 down
ENC1 -4.520173 0.000 113 down
SLITRK4 -4.364 575 0.000 001 down
VSTM2A -4.300 983 0.000 240 down
HCN1 -4.284 946 0.000 870 down
CACNA1E -4.265 009 0.000 045 down

FiE: up FoRmFL, down FoR(REIA

2.5 QPCRIGIERAEA R A AL MR P ey R A RKFL it
IfiL 26 (¥ 2% # 5& K] GDA, KCNQS. ERICH3, SCN3B., CACNA1E
ICTERTARYL (P<0.05, [E]4A), it I ZH i B HE R CXCL8.
SERPINEL, TFPI2, CXCR4. CCL20 Tz F-A4l (P<005, [&]4B).
26 X4EARHMARSKEGXFE WA MHNA S
K (75.8445.34)%, H. b oG4 KL GDA. KCNQ5. SCN3B.
CACNALE . ERICH3 55 liZH 245 7K & IEAHS (OR B 73 Ji1l2 0.71, 0.61,
0.75, 0.85, 0.78, P ] <005); % f# & [ CXCL8, SERPINEL,
TFPI2, CXCR4. CCL20 % & 5 Jixi 41 2% 7K &= 47 AH 5% (OR 1EL 43 7l
s&: —0.66, -0.64, -0.87, -0.68, -0.82, P}J<0.05), W.[&]5.
27 XA R 542 o ses Rt X A i i 2 f
28 D) e B 40 UF 4 4 (3.5240.74) 43, o rp O i Jik [X] GDA.
KCNQ5. SCN3B. CACNALE. ERICH3 5 ##140 1fj R B 45 ¥ 7 1E
5% (OR{H 7y W) &: 0.71, 0.60, 0.72, 0.78, 0.71, Py <
0.05); JeHEJLIR CXCL8. SERPINE1. TFPI2, CXCR4, CCL20 & &
S DIREGR PP 7R K (OR fH 430 2: -0.72, -0.60, —0.75,
-0.74, -0.80, P ¥y <0.05), W& 6.

2.8 GO #= KEGG & &t R WE7, %4, 5.

2.8.1 GOt AWyt e (biological processes, BP): DEGs &=
R AT Ak (leukocyte chemotaxis). #4k K74
S 11E S8 % (chemokine-mediated signaling pathway). [fl.
A5 (K1 H 5 (regulation of vascular wound); 409 4H % (cellular
components, CC): DEGs 355 4T 1 & TidiE 5 &%) (cation
channel complex). & T#iE & 54 (ion channel complex). 5
B4 A E 5% (transmembrane transporter complex); 77
T I fi (molecular functions, MF): DEGs 3= 2 & £ T [ 1458
16755 (gated channel activity). BT iBiE )55 (ion channel
activity). JHIE VG (channel activity).

2.8.2 KEGG il & &0 DEGs £ T TNF {5 53 % (TNF
signaling pathway), % %4 % At 28 fiill (Glutamatergic synapse).
GABA fEZEfih (GABAergic synapse).
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FE: A NIRRT AR, WA IER s B i M 2H, vy W2
GAGERAA7 S Y 1 S Ik

1 | AEKRRAINBRT AN - AR EE (x200)

Figure 1 | Hematoxylin-eosin staining of rat brain tissue in two groups
(x200)
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Figure 3 | Construction of protein-protein interaction network and
screening of key genes in rat brain tissue
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Figure 4 | Expression of key genes in rat brain tissue
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Figure 5 | Relationship between key genes and brain tissue water content
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Table 4 | KEGG enrichment analysis of differentially expressed genes in
rat brain tissue
KEGG ID VAR EARENME M
hsa03010 Ribosome( ¥ fili {4 ) 21/242 <0.01
hsa04668  TNF signaling pathway(TNF 12 ‘5@ 1% ) 16/242 <0.01
hsa05323 Rheumatoid arthritis( 28 XWE =T 4 ) 14/242 <0.01
hsa04145 Phagosome( & WE1A ) 17/242 <0.01
hsa05332 Graft-versus-host disease( HEY)FiTE Tk )  8/242 <0.01
hsa05033 Nicotine addiction( J& 1 T B ) 17/329 <0.01
hsa04724 Glutamatergic synapse( 23 2 FR AL 2 fih ) 25/329 <0.01
hsa04080 Neuroactive ligand-receptor interaction 43/329 <0.01
(FPEETE TR AR - 2R A AR )
hsa05032 Morphine addiction( "5 HE G ) 21/329 <0.01
hsa04727 GABAergic synapse(GABA fg Zfil ) 20/329 <0.01
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Table 5 | GO enrichment analysis of differentially expressed genes in rat

brain tissue
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BP GO:0030595 [I4HJfuiEaft.14: (leukocyte chemotaxis) 4 <0.01

BP GO:0070098 kK715 5 il 3 <0.01
(chemokine-mediated signaling pathway)

BP GO:0061043 & 617 /11T (regulation of vascular wound) 3 <0.01

BP GO:1990868 it [K-F 1)< B (response to chemokine) 3 <0.01

BP GO:1990869 4 fif % i 1 57 14 S v 3 <0.01
(cellular response to chemokine)

CC GO0:0034703 PHE filifi & 4 (cation channel complex) 3 <0.01

CC GO:0034702 & -1iliili &%) (ion channel complex) 3 <0.01

CC GO0:0008076 EHtHaE AR A 3 <0.01
(transmembrane transporter complex)

CC GO:0034705 #:izE A HE &) (transporter complex) 2 <0.01

CC GO: 1902495  HiJf |44 Bt & 45 & 14 2 <0.01
(voltage—-gated potassium channel complex)

MF G0:0022836 | ]#%id#iE &1 (gated channel activity) 4 <0.01

MF GO:0005216 & 1-i#iE )35 1% (ion channel activity) 4 <0.01

MF GO:0005244  JHIHE 17351 (channel activity) 3 <0.01

MF G0:00022803 45t 5t iz 2 14 i 1 3 <0.01
(passive transmembrane transporter activity)

MF GO:0008009  Hi k| J4% 5 Tl i 14 4 <0.01
(voltage-gated ion channel activity)
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