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TR KRG 45 (traumatic brain injury, TBI)ZERRZZE R FImiRNAKE T ML, HNEHTBIG
STEE MR LB ELRY, OIS IRTBIG RS H A NIebr . ABF LK T EMFREE L EMBEARE
BEHO(NCBI), MGEOHIEEIRG A RTBIEE R X EmiRNARIE K R 555 . Bl ffinEsRREER
FImiRNA, HEE—RFIEMEBRFRGLE, WZRREFmIRNAZTEEFRTN, ¥ RGREME
HEEZRRAEFBTILE, REESNERREZEFME T miRNA-Genefl [ RENL, HNZER
RIEHEF AT 7 EEEE R (GO)IRREENM T . FHAGRBEAIHiEHISNERREFEF NN H
miRNA. F|F kS R T miRNA-GenedE A1 M4, HETGOTIREEEMT, B3 T NEY
2. ARG RS TFIREAN AN X F AT R D REfR . miRNA-GenedE RN BR T
B R HR A% )5 AH S miRNA 5 B 3L R 2 @ A B AR R T HE— 72— RAVEMFRBI . BFFR
BILGOTIREEEN T AAEM SR, F B FHEMAAEHTBIFEENH AmiRNAE TR R, HATBIE
RiZWTRAL T 40N v] REE B AR E .
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Abstract

To explore the difference of gene expression and the regulatory network of miRNA in rats with
traumatic brain injury (TBI), so as to provide a theoretical basis for elucidating the therapeutic
targets of TBI, and to find the objective indicators for clinical diagnosis of TB]I, in this study, the
National Center for Biotechnology Information (NCBI) was used to obtain the original data on TBI
gene expression and miRNA expression from GEO database. Through the screening of differential-
ly expressed genes and the miRNA and a series of bioinformatics software processing, we per-
formed target gene prediction for differentially expressed of miRNAs. By comparing the target
genes provided by the system with the differentially expressed genes, the miRNA-gene targeting
regulatory network was constructed by using the differentially expressed genes that were re-
peated twice, and the Gene Ontology (GO) functional enrichment analysis of differentially ex-
pressed genes was conducted. There are 95 differentially expressed genes and 4 targeted miRNAs
in the study were selected. The miRNA-gene targeting regulatory network was constructed based
on the screening results, and the functional description of these genes was obtained from the bio-
logical process, cellular components and molecular functions through GO functional enrichment
analysis. The miRNA-gene targeting regulatory network demonstrates how related miRNAs and
their target genes interact to further produce a series of biological effects after TBI. Through GO
functional enrichment analysis and regulatory network, this study helps to understand and clarify
the potential mechanism of TBI and the relationship between miRNA regulation, and provides four
possible biomarkers for the clinical diagnosis of TBI.
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1. 51§

B 4% 14 A% 4% 13 (traumatic brain injury, TBI)A&—F 1 21 77 3 BRI AL 45140 , A4 = 25 BA Y A8l il
T 1ERANE R G RN H R IIR KR A 4RI BE 1] IEAER, TBI R A Z 52 28 dia i A Dol K- &
R JE Rt — 2 B F, TBI AR N—F WS AN, © R S B0 FE I S8 TR R 1
FEIFERZ—, FEEMN T AB R EFE2]. R, TBI WHRHEEKAER. S8R, SRR
R —EZ B E AN AN R TIRE3] .

fl/h RNA(microRNA, miRNA)E — ) 2 AL T AL D P UL 8870 7 RNA, KEEFE
21~25 MigEEZ 18], 4ET CUEY], miRNA fENAEGRES RNA 2255 R Rk i i ds vk 3556 SR E R
IR, GBI RS oA K T A H I miRNA RISEARIZIEZN, FHHE 7 mRNA
Z 5wt f AR [4].

HT, TBI WK EERKEMAE RERBNEERFEA, BA—ENRRME, ST ERER
451493 2 A I A S T B ARIES ] T miRNA XS 550512 5 10 fe J1{E1S H A TBI IR R 2 B
VbR BV AT e T2, AR AL B 7R8I AR WS B 220 W, Tl TBI 5 55 22 7 3R B R AH JG ) miRNA,
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DUHAT4R TBL G IR IZ I 2 WA . A% gene-miRNA W%,  AITAT TBI 431 7K1 1 fif H 2 A4 P i
MW, TR S SRR LA

2. MRS
2.1. ¥R

i i 55 [ [ S AW R AS B O (NCBI) - & 13 K 260 42 4 30k GEO
(https://www.ncbi.nlm.nih.gov/geo/), 75K BRAIFN T UL« A5 PE M1 155 (TBI) ” S8 ia] 4R AR R O F
TR K miRNA KRR A 50s . FbkBbr i dE: 1) S A ERFARSLEHMALTE; 2) &
BLHSCREA, 3) FEASCIZ B T B GEO2R. MRHEIEHRbRvEE, ik 98 JoK UG ZH 2 6 4 1k 453
HFARGEA R miRNA FEEF R PUA LSS . AR IER S H miRNA AHCRIE &R AR5
(GSE59646 F1 GSE115614-GPL22696) 14 K 1k 5 A8 A4 ) M5 > £ 45 5 (GSE 1156 14-GPL15084 Al
GSE59647-GPL14746){E N Ja 3/ AT IFEAS

2.2. THEERRIZEEF miRNA

TEARW A, FIF GEO (Gene Expression Omnibus)E(¥EFE B4 38 Bk 8T T H GEO2R X
GSE59646.GSE115614-GPL22696.GSE115614-GPL15084 F1 GSE59647-GPL 14746 U™ 44 46 3E47 4047
7E miRNA J¢ & R R IAH o LL R H SR Ie 4 5 R FAR A AR 2 7 RE M E R, 204 miRNA 5L &
WL B 4R 1) 22 B BUCS 4., BL P < 0.05, [10g2FC| > 1| Ak 24, fiidk b 22 7 R 1A f FE K AT miRNA

2.3. 231X miRNA B E R T

AN T I EFRIEN miRNA 5 Z 7R LR SR, AW 7TE T miRwalk 3.0 5 4F
(http://mirwalk.umm.uni-heidelberg.de/)%t 2 57 £ 1A 1 miRNA 3FHATEREE R T, 7HiEFrdEN P <0.05, ¥ &
G RN 5 2= R Rk LTI, R ESNZERRIEENR.

2.4. miRNA-Gene ¥ [GBiE MK RIHE

NT R TBL G2 FACF AT AR EAE A, FIA cytoscape v3.7.1 3 i, @il N\ =R £EEHE, B
AP ) miIRNA-Gene H#EM 45 B . il SAZRRIE BN REXRARYE log2FC HAH FRAT
WEER), AR R M 2% 15 i (Node) B ATARit 5 X 43, IR (Edge) A 28 (Network) B =ik A7 i %2,
22— ANTE T A miRNA-Gene #8179 2547 7 &

25. ERRIEEERNEEXEFR(GO)IREER S

W45 22 20K miRNA B2 ) B[R 5 (1) 75 e A BE R NAEZR 73 T 424 DAVID (https:/david.nciferf.gov/)
HAT GO ThREE LT, THIEFRER P <0.05, WAV FE(BP, Biological Process) i f%5(CC, Cellular
Component) & 43 I EE(MF, Molecular Function) =M, WX ELIER T gEREATHEE, Xt TBI 43F7K
PR i A TR
3. R
3.1. KESpIERHGERABERFRIEANERK miRNA

DR B R 5E GSES9646 F1 GSE115614-GPL22696 H {1 DU F AR LAE 4 4. 7515 TBI
FARMNE xR L 5y BFEAT 2= F &, 20 BITFEH 375, 1120 D23 RiA miRNA, K P H EE 45
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R, Lk H 4 N2 5% miRNA, Hed 4 4 miRNA £k Fif. 6 miRNA £k T 1sHMIE R
SIRHEATEAE, 1F GSE115614-GPL15084 1 GSE59647-GPL14746 Wit % RedL R, B4 FIt
i 608 NZEREE, Horb 411 MEFZFRIL B 197 MERRE T HOLE 1.

GSE115614 GSE59647 GSE115614 GSE59647
(A) LAZR (B) FAZE
GSE59646 GSE115614 GSE59646 GSE115614

(€)_EiAmiRNA (D) F1AmiRNA

Figure 1. Differentially expressed genes and miRNAs after traumatic brain injury in rats

1. RERQGIERIRAEEFRIAREE K miRNA

3.2. KR GGMERHRGEZERRIE miRNA RVFIEE A

A miRwalk BAEX e miRNA A$ERERIREAT TN, R L5 A 5 0 e S A AT LB, 18 B 510
FERFIBFERIL 95 Ao L1 IR TG I I 22 R AR IE miRNA KB ZE R, JFbei] 7 ZERR
b2 T T

Table 1. Differentially expressed miRNAs and differentially targeted genes
# 1. EHRIE miRNA RESLEMNERER

miRNA #F%  ZERREZL FeP AR
rno-miR-27a-3p sl Tnfrsf26, Tmem43, Sppl, Nek6, Fam188b, Sec1412, Napg, Lrrc4, Insig2, Appl2
NG| Rwdd4, RGD1307830, Crem, Atf3, Anapcl, Scn5a, Ptprj, Pip4k2b, Nkain4, Gramd3, Acssl

Zfp703, Zfp593, Tspand, Sox7, Runxl, Rhoj, Txnrd1, Ttc4, Tmo6sfl, Stk38l, Socs3, SlclaS, Rna-
seh2b, Rassf4, Poldip3, Plau, Myole, Myd88, Mefv, Maff, LOC684871, KIf6, Itgb2, Hbegf,

mo-miR-188-5p L Fosll, Fam188b, Fam167a, Elavll, Eifdebpl, Cytip, Csk, Crispld2, Cnn3, Clcfl, Cdc6, Cda,
Cd74, Cd160, Ccna2, Asflb
Zfp280d, Traf3, Secl412, Rspo2, Spryd3, Slc40al, Slc25a42, RGD1559896, Ralgapal, Rab22a,
i Papd7, Ndrg4, Napg, Mmpl7, Kat5, Insig2, Grm3, Fam163a, Emidl, DIx4, Diol, Chmp7,
Cacnb3, Acsl6, Ablim2
rno-miR-19b-3p A 43527, Foxk2, LOC684871, LOC691113, Rwdd4, Stat3, Zdhhc18
T Gabrd, Kenabl, Olfml1, Rspo2, Zfp280d
rno-miR-192-5p A Aldhl18al, Sh3bp2, Sv2¢, Hmox1
i Fam163a, Slc40al, Ndrg4, Acot4
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3.3. miRNA-Gene $[a] {2 R 4Z a0 2

FIH M miRwalk 3.0 FAFTRIN H FIEEER IR, 8 R AL IE R 5 22 e RIATE RIEAT LU B, RRE A
2 RIEEE, FHTH Cytoscape 3.7.1 X3R4 1A E IR T miRNA-Gene # [A] 4% M 2% (W% 2),
Hrp I T 4 2% miRNA Al 20 RiFG 95 ANEFEE D, @Rl 20 (R bric 3 K B miRNA ) LR, Zkth
FRAC T o 1% P48 JE 7n T G455 P v 15425 5 AH 9 miRNA 5 H 8RR A2 @l A Ve i e — 20 =4k — R
G238 ) o A R PRI S50 19 8% R A Lo AU 43 B, AT X miRINA 5 B D] ) i 2 7E A1)
A P kA3 4 A P 2 s R v B P AR R SR R AT T AR DG TR AR, I I e H AR SR AR e L

™ i —{

~ el 1
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Figure 2. miRNA gene targeting regulatory network
2. miRNA-Gene ¥E a5 /4%
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3.4. ERREEANAFRIIEERIHER

FEAHFLH, miRNA [ A K@ DAVID 8 b B RUAER R Dh e & R i B4 R, ZRrE
LB H CDC6. RNASEH2B. CCNA2. CD74 £ 4 4 40 g 14 15 (positive regulation of fibroblast
proliferation) ) A=Yt FE 2 fE ], CLCF1. SOCS3. STAT3 7E JAK-STAT 15 5 # S8 12 (JAK-STAT
cascade) i fFH, PTPRI. HMOX1. SOX7 4§ 7 ANk [K 78 X 24 i 14 58 1) 471 4 17 (negative regulation of cell
proliferation) F R AEMEH . R4 P K/NHET . GO 8T Fh AP FE(BP) & H2.45 T S bl S 56 R Bt 45 1
WK 3,

o plERTE( P10 )

25 2 15 1 05 0

Figure 3. Functional enrichment of differentially expressed gene GO—BP results of biological process
3. ERFTEEE GO TIEEE EHF T2 BP £5R

7 RIEFE AN ML A (intracellular) . %5 (nucleoplasm). L3} & H AL H 2 (actin cytoskeleton)3FAk
KAV WY PR, GO 7 M R 4RI 7 (CC) e B4 R R AR SR B R B 45 2R LI 4.

m plE %
(Lh104)E)

-2 -1.8 -16 -1.4 -1.2 -1 -0.8 0.6 04 -0.2 0

Figure 4. Functional enrichment of differentially expressed gene GO—cell component CC results

4. ERREEF GO TEEESE “MAELA ST CC &R

72 5 RIKFE N TE 55 A U 45 & (protein kinase binding). 1l %% 5% [A 145 4 (repressing  transcription
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factor binding). 32445 & (receptor binding)%5 4y FIhReHE/EH . 4R P EK/NMEF, GO 4 #rd 412
HE(MF) & SR 45 IR JOAH G R R R R 4 SR LIS 5

W pfE (A0 91E)

35 -3 25 -2 15 -1 05 0

Figure 5. Functional enrichment of differentially expressed gene go—results of molecular function MF

5. ZRFARE GO WHEEE—H TR MF 4R
4. g

H Ambros A1 Ruvkun [6]% H B\ K2 — ) microRNA F46, microRNA FIHF 58 &4 0] LK 4N
A B B BOR MBI RILE] T T2 S 5 MIE N R A B E KR E WS
B, WATF/KFZETHER T RGAR miRNA 7] 53R R mRNA 2073050 Tk, AT FE L T iR
KIVER, A EAFEILAKE: BB, miRNA 25795 B0 50 A KSR S2E0E ) miRNA 5 g
FSHIRRA R, LB TFE 62 Wibs B4 L EA L (R 5% .

B ERG R VR iR G AR & W, 2 8o SR AR R TIN5 1, ¥ BRI, RAE. METT
JHTIRGE . B RG22 7T, DA & R A r R A5 2. H TG R L&A 128 TBI 19 Fhx
Y, SRR E BT, W20 TR ATE R TBI AR E, (Bl T4 KRG R 24 TBI K
TEFEERIAFE, TERIRMH EIEARAE7], IEER, KELIIFH miRNA 5 TBI LR AEYSEEA K
(8], AWFFUELAME B =0, SEBL T A FHEEE PETRIE S 78 miRNA 875 TBI 2% 1A R

GEG AW TR AR ) 95 A2 R RIS AR 4 ANE [ miRNA, R 5E T miRNA-Gene [ i
W%, Il GO UifeE £, 1931 7 MWEYEERE . AR J 51 DR = A AR FE X IX e Bk [R] g
ITHIThRER A . Horp, (ERERNE, ZASERFXT N miRNA 25 7 RRER M M E K. CLIIR
BUR TR 5 B4k R M I 49 R 28 HE ] B M S AR st RE 9] (107

R FIEK T 278, CDC6, RNASEH2B, CCNA2, CD74 {£ TBI ZHrhAMlbLxs 4B Eif, 3548
5 miRNA-188-5p fF{ERE M ¢ &, SL[A 2 5 sl et 4E A M 3G 58 1) 1E (W) 57, FH e HED miRNA-188-5p T i 7E
TBI Ji& ol el ik T Beer A it s 5, A8 O 7 T N B v S5 b LAUE B AR 78 . b4k, HMOX1, ITGB2,
RUNXI1 7E TBI A+ [FFERIE R, H 758 1m R T miRNA-192-5p Al miRNA-188-5p 3 [F]Z: 5% (fiL 4
AR B IE AT, TR, 2 USRI R BA LA AR BUR I e 2B 2 5 AR G R 2, miRNA 76
oA AT DA B 0 A A R TR 117

TEAW AL E G H MYDSS, CD74 25 s 3kt AN T 10 % OB PL K LRRC4, KLF6,
MYDS88, SOCS3 Z 54 1M FH(E 55 S, &0 FHLE] R S0 SB35 M. Ak,
H TR miRNA-1224 7] LA 5B IRFER F o (tumornecrosis factor-a, TNF-a), B i B miRNA-1224
ARES 5 T RIERMN[12] B —THF U, miRNA-124 A8 S /08 K5 40 i J0E e o 42 25 2, vl WL
miRNA-124 25 55 I M {35 . tEAN miRNA-155, miRNA-414, miRNA-104, miRNA-125, miRNA-146
1 miRNA-21 $2 5 JREK FHIRIE[13] [14]. Ft, HHEBHERRT S miRNAs 25 7 RS KRG %
iE SN
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VAR, AP SLIG A R AT REAK IBAAEA L, ARV, miRNA TEHAT AV TIRER 5 H R I
I 2R e, £ TBL SIS EIR] . ISR A B 16040, #2%F miRNA (818 & A5
M[15] [16]o Pk, X TBI#EFEH miRNA P4 5 7R HLHIE A £ R 80 7t . ARG B2 g i
4 > miRNA &8 Re8 B TBI AEMbR A, [FIRERR 20 22 LRt 0 i S0 e B s (R Bk, AR5
45 1) miRNA-gene [I$E ] 5¢ RITCEER A B T 18 S AT 70 TE & 2% 1) TBL 20 T HLHI A1 miRNA 4213,
NIAVIT it — 25 Sk ge ot SR e .
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