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[Abstract] Objective: On the basis of determining the protective effect of berberine (BBR) on cerebral
ischemia, crucial transcription factors (TFs) of BBR against cerebral ischemia was identified by using
transcriptome and proteome sequencing. Method: The model of middle cerebral artery occlusion (MCAQO) was

established by thread embolization. The sham operation group, model group, low-dose group of BBR (dose of
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37.5 mg-kg'+-d') and high-dose group of BBR (75 mg-kg'-d"') were set up. The rats were killed after
continuous intragastric administration for 7 days. The pharmacodynamics was evaluated by Longa score and
cerebral infarction rate, and the expressions of inflammatory cytokines, such as interleukin (IL)-18, tumor
necrosis factor (TNF) - « and monocyte chemotactic protein-1 (MCP-1) were measured by enzyme-linked
immunosorbent assay (ELISA). Then, RNA-Seq technique was used to detect the differentially expressed genes
(DEGs) before and after BBR intervention, and DAVID 6.8 was used for enrichment analysis of DEGs.
CatTFREs technique was used to detect differential TFs before and after BBR intervention, and DAVID 6.8 and
STRING 11.0 were used for enrichment analysis and TFs association analysis. Finally, by integrating the activity
of TFs and the changes of downstream target genes, crucial TFs were identified and the related regulatory
network was constructed by Cytoscape 3.7.1. Result: Compared with the sham operation group, the
neurological impairment was significant in the model group (P<0.01), and compared with the model group, the
low and high dose BBR groups could significantly reduce the neurological function damage (P<0.01) and
decrease the rate of cerebral infarction (P<0.01). Transcriptome data analysis showed that BBR was involved in
the recovery process after cerebral ischemia mainly by affecting cell adhesion, brain development, neuron
migration, calcium signaling pathway, cyclic adenosine monophosphate (cAMP) signaling pathway,
inflammatory response and other related functions and signaling pathways. Proteomic data analysis showed that
the differentially expressed TFs after BBR intervention interfered with cerebral ischemia mainly by regulating
cell differentiation, immune system process, cell proliferation and other biological processes. In addition,
integration analysis of TFs and DEGs revealed that transcription factor CP2-like 1 (TFCP2L1), nuclear factor
erythroid-2 like 1 (NFE2L1) , neurogenic differentiation protein 6 (NeuroD6) and POU domain, class 2,
transcription factor 1 (POU2F1) were crucial TFs against cerebral ischemia-reperfusion injury mediated by BBR.
Conclusion: BBR has obvious protective effect on cerebral ischemia-reperfusion injury and its crucial TFs
include TFCP2L1, NFE2L1, NeuroD6 and POU2F].

[Keywords] berberine; cerebral ischemia; RNA-Seq; catTFREs; transcription factors; inflammatory

factors; middle cerebral artery occlusion (MCAO) model
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Fig. 1 Effect of berberine on brain tissue of rats with ischemia-

reperfusion injury
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Table 1  Effect of berberine on expression of inflammatory

cytokines in rat with ischemia-reperfusion injury(¥+s,n=6) ng-g’'
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R2 BEZTHRGROBEIRGEENTFsSETETG
Table 2 Berberine interferes with TFs and its downstream TG in

cerebral ischemia-reperfusion injury

No. TFs TG
1 Smad3 MAP2K3,CLCNI1,TNKS2
2 0GG1 SENPS
3 RREBI TRAPPC2B,ESR1
4 POU2F1 RDH12,TMCO3,KLHL14,CASZ1,INS2,
TEKT4,FCRLA,SIGLECI10
5 FLI1 SLCO4C1,ROBO4,MS4A6E,FCGR2B,
CD163,PRRG3,UNC45B
6 TCF25 DCUNI1D2,SLCI3A5,MAP2K3
7 SALLI1 RIPK4,ESR1,TMEM72,HESS5,TMCO3,
SOSTDC1, LOC360919, SLC6A12, DAO,
KLHL14,SLC22A2,ABCB11,SLCO4C1
8 BCOR ZFP84,MBOAT4
9 NFE2L1 UNC45B,KIF9
10 JUN CYR61
11 NeuroD6 SSTR2,CPNE4,ST8SIA3,DCC, USP29,
ZFP804A,RAB3C,FSTLS5,CALY,EPHAS,
TRIM67, CNTNAP4, GABRG2, LYPDI,
GNAL,RAB9B,OPRL1,SLC17A6,CDH9
12 FosL2 AREG,SYTL2,CYR61
13 TFCP2L1 SLC22A2, GNAT2, F2RL1, SLCO4CI1,
MGAT4C, KLHL14, SGSM1, SOSTDCI1,
PNCK,RIPK4,TMEM72,DAO
14 JUNB LTBP2,PAK3,CYR61,SPHK1
15 SREBF2 TRAPPC2B
16 SOX6 TRAPPC2B
17 KDMI1A HPRT1
18 ADAR ADAM33
19 CHD9 CLCNI1
20 ZFP422 PRRG3
21 RORA MAP2K3
22 DNAIJC2 EPHX2

1 : SREBF2. [ B 15 ST 45 4 55 sk [T 2; SOX6.SRY £ 4% 5%
HF 6; ADAR. XUk RNA 5 57 245 it 1 J5d 22 B ; CHD9. e {0 {4 45 9 35§,
fit e DNA 454 1 9; ZFP422 BEiE T H 422,

W AL (P<0.01); SEEAIA LR, miER TH)E
NeuroD6 i &35 8. 3 Ft i (P<0.01) .
4 iFig

B i P A v N R A R IR R —
K Bl ik (MCA) & B ik 2 v i) 2 & &6 A7,
MCAO H5 B 4 3 3k TN Ay 2 Jmy kb M G ke 1L 19 4 74 3
PRI R B AY T MCAO 5 R 78 8 5% 25§ I
B 24 B4 5T 0 R b A Bl SR 4L 2 R AR 1 T A
2F B RN B 2R O i i G B TFs EAT P9 . &5 SR

S PR B afn P T S, A 22 T Bl I A AT
RO TF s, JE T IL-18, TNF-a Ml MCP-1 ()
KR | G R T AT B P
Pt 05 K BRLAY b 22 T, R I M A BE % ek TL-18,
TNF-o fl MCP-1 i £ 35 o 38 £ X 0 2 i 19 TFs Fl
DEGs # 1T & i, K W% R TH M TFs 5§
DEGs £ 5 (19 4 W) 2 3 2 5 i St 5 21 5 72 2 D) AH
Ko WA, 3 AT X TFs K H R i TG 15 A 53 i &
P, TFCP2L1,NFE2L1, NeuroD6 #l POU2F1 & # i&
B U5 M R P T 4405 1) G g TF's

B Sk 21 I Y BE 0% DA 3 IR 3R 3K UK O R S8 4B R
SE AW 2 o R BB kAR B B A T LED, B
A i R R AR AR AR Y TFs 2
i 33 5 DNA ¥ 51 H /) 38 58 F FU 3h 1 X 3845 A ok
I 45 T i R DR SRR 1 2 1 BT, s 0 v R TR R A Y
Y B AR A WU 1 2 A A R
A SRR Y A TR R A YD A 5 A 2R
Nrf2 i 2 806 HF UE 9 22 A Bt A Ak i DROK i /D il
e T VR A A3 407 B AR T PR T 9 18 A 0

il i 4 A TFs 5 DEGs 8 5 56 & , A SCHF5E
kIR ZE PN B i P 5 0 G B TFs
4 4, B TFCP2L1, NFE2L1, NeuroD6 #l POU2F1.
NeuroD6 & NeuroD W. 5% ji% H1 i — Fh TFs, % £ i
i L4 LR B d 2 0 A A S S A T R
& HE A AR A . A B 58 R W NeuroD6 7 52
5P A 4 R0 S Al 2 MR b B AR Y
28 22 40 P A 22 T i 2 e 6 1 1 A AT A JEORD iz
B ST B B O H B, &2 U A 22 T R AR Tk S A 4
RN BT B SR SE, SR M 4
FRIR /N BUIG Hh NeuroD6 B @ R, 1k 4h, 47 1 i
it 38 2 X A A AR AR R IE R A2 A R o
1) DEGs 17 L 40 B7 , & B NeuroD6 ¥ 1] fE
KA A BRI — T RE M A bR R Y. XS A
SCIRF T2 R — 30, M SR F R4l i, i 4 v
NeuroD6 [ £ 35 [ A% , 1M 8 7% 28 1 1 A T s A 7 K
BB 2 21 h NeuroD6 [ 3 35 o Fi NeuroD6 4b ,
TFCP2L1,NFE2L1 #l POU2F1 W 5 # £ R 85 % VI 4H
Ko TFCP2L1 & ks J& 3k Rk (GRHL) TFs W 5K J# 19
J 53 22— Xk R Y 2 R LN AR g
AN BRI IR G T 40 M (ESC) £ fig 1 i %5 & B AR
FHS . POU2F] 2 POU 45 44 38 IR 1 52 6 1Y 1l B
H W5 % BLPOU2F] fE R IR 4l 4 b iz 23k, A 4
T /N BV G B 1ok 72 1 #2848 b, NFE2L1
J& CNC-bZIP TFs R I & 51, il 45 | 1 i fa 87
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T3 AIF 5 2 BH o 28 40 Jf 7h NFE2L 1 B3l 2k 25 3 800 B
J T (1 P28 A PR ORI B 22 T B R AR, X BB AR S
A SCHFFELE R — 5,

W ad o M % @ 1Y TFs 9 3 B8 , TFCP2LI,
NFE2L1,NeuroD6 Fll POU2F1 ¥ 5 #fl £ 22 45 % VI #H
Ko KRG SEA MR — %, MEIER TG W
DEGs FZ 38 il s W i & & Lot iE % S 5
B AR AE RN AE 5 R k5% U0 A DG Y 2R ) 2 0 FR R
55 18 B% 2 5 G st i e Pk 2 R Ok B2 IR
P AE B, R BB BRI 1 h R 45 T R IR YT, Tk
o A FE AR R K 5 32 Bl D fg AT A R G R 4 4%
iE T 1 e 3k, SEBLOR B3 8l B2 2 R i R Y
WA, A 57 e B o 3% 2% T R0 R Bl 8 R BRI D R
JUE IO 24 L A1 AR 1 2 i o 00 0, AR 5 BRI A
JiEL P 5 B - (Ca™ ) MR B E . A& AR R — PR
DL 23R AT M, D 9% 3R BH B BRI 672
BE 2 A5 S 0 PR 2 T TS 4N L SH-SY SY 1
ZEEEPED R A 2 T I AR ES SR SH-SYSY 4
L B, 32 £ 1 TR 35 = 0 400 40, 03 /D BRI B ) e R
i85 X 5 A 5T TFs Ml DEGs B & 4 70 B 45 31
—H M ERELSEMET METTR ,HE
3 I | ARRE SN A 5 T B 10 %% D) A OG I A g 2 2ot
FEFIE 5 30 I 2 5 g e i S K 2 2

25 F IR A e BB R OG) G £
05 WS OR AP 4 L A B G B SR A 2 R 1 T
ZH 24y, % % i TFCP2L1, NFE2L1, NeuroD6 Fil
POU2F 1 J& B % 25 0 i S 1 5 v 36349 1) & B TFs
AHIFFE DN TFs F1 BE X0F 2 3% 28 e i ke ot 743088 3 02 0 14
YEFIALEI BEAT T MRS 38 s 1 Bk A iR o7
VA G B A, T A B X e A M R ot 3
P A S e P i 2 2%
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