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Research progress in protective effect of miRNA on neonatal
hypoxic-ischemic brain injury

YANG Guang', ZHENG Zhifang', ZHANG Xinhua®
(1. Department of Pediatrics, Shanxi Medical University, Jinzhong 030600, China;2. Department of
Neonatology, Maternal and Child Health Care Hospital, Children Hospital, Shanxi Province, Taiyuan
030032, China)

ABSTRACT Hypoxic-ischemic brain damage (HIBD) is a leading cause of neonatal mortality and
neurological dysfunction in the infants, and it remains a focal point of research in neonatology. MicroRNA
(miRNA) is involved in neural development, and its alterations is closely associated with the pathological
progression of HIBD. However, there is a lack of effective integration of studies on the specific roles and
mechanisms of miRNAs at different pathological stages of the disease. This review summarized the recent
researches on miRNA in various stages of HIBD. During the hypoxic-ischemic phase, abnormal expression
of certain hypoxia-related miRNA can serve as novel biological diagnostic markers. In the cerebral edema
phase, miRNA may maintain the integrity of the blood-brain barrier, alleviating neuronal swelling and
structural changes. In the cerebral infarction phase, miRNA can inhibit the expression of apoptotic
proteins, enhance the neuronal survival rates, reduce the infarct size, and improve neurological behavior.

Further research into the mechanisms of miRNA in HIBD will provide new insights for the development of
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diagnostic and therapeutic strategies for HIBD.
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Az Lk 4 ol P ik 5 45 Chypoxic ischemic
brain damage, HIBD) J& i T [l 4 ] 2= B 5] 2 K
A 2H 20 i AR R i P, SR R BOR A JLSE T
o SR Al LK AME A 2 RGN RERR AT L Sk, H
X HIBD & 93 HIL I 1 A 5¢ 4 B W1, HL Bk = 5
BIETT 7k, HHTR 7 201 K Be A A4 PH 1 2R LA
TR 2 R GG BRE 1) & YL G, SRR
HIBD 9 A& i ML, R S I 280 0 B 3 J7 125 58 e
HHBFAAEER X,

/N RNA (microRNA, miRNA) Jj&—2 H
A AR SF PN o AR e iD sE RNA, KEE
20~25 R, FEiE 5 A P miRNA Y
3EgRtS X (3'UTR) M FEC X ok 1 42 #1 5E A 1) %
K. miIRNAYE R FG K FEERN T, fFE
AR RGA . MRRE . A . kS
PR T A Wk A R i R AR A 2 7 TS OC BE AR
i IR e B g [ A =1 e S ] M )
R: MRNAZ SRR EETENEZAHE, S
Zousrte . MALUE T &AM A&TEe (FJ Al
1255) A%, FNE HIBD i & & i fe b 1 B4R
Mo EWN¥%E 5T T 48 % miRNA 5 HIBD ™ # ##
JE B DG TEME S AR AL Y, R T R A
JiE 2 B & 2 (L-Cysteine, L-Cys) A L i 98 45
miR-9-5p/C-X-C HJ¥ b ik 11 (C-X-C motif
chemokine ligand 11, CXCLI11) & & & 4% #t 25 {4
PER, TR TRk . W HIBD J&5 i il
SETH AR AR 22 0 R TR TR, /N R K
Wiz () 2% e T BE R g, Rl R P Ia T B T
B EAMIESE T A AR HIBD 2 5 %3k
7 miRNA Fl miRNA 5 Ifit il it B 19 ¢ & M AR A G
TR VS A T . BESE mIRNA M 4 RSk
F M HIBD i B8 A Pt 72 op (9 /E 4G B 7 HIBD 4
W2 W . UG A E AR AT . LR mIRNA
XF HIBD AN ] B Be AR 47 /R S BIF 5T, iz 1297
SR W IE 5 B AR ) B B N ) i
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miRNA [ %& 88 7] LL3E 31 2 20 tiE 22 90 451X,
LEE 4§ " 3R JH 8 4% 0 46 75 1 WL 58 B lin-4 (9 % 5 =
Praw o il LIN-14 SR R A 2 54 R 4 d iy
RE, lin-d SRR BACRRIFHALLY . R

B AT € B SE R DI RE, 2020~40% B9 miRNA
ZHMHLEE, RPN ERG S & MR A
19 miRNA 75 H A K 1y I 77 K23 (8] 2 B2 1 RS o b 4
TIZEIT . B I LA K S il 4 Ak B BT B S
EEAR Y miR-124 7] DUFEFE 5% S5 /KT 410 i # 48
AL 240 L RET TR 5% 5% R ok 184 3 b 28 0 A e M
Bk, JRl st T2 REEER TR IT 9455
H (polypyrimidine tract-binding protein, PTPB)
14 & 15 48 ) 4 28 0 o AR 1) Y 2 B3 2% 52
AR5 B miRNA 28 {0t i & & s, wFss =
s MIRHA I 2 AR IR 9 4% B B, miRNA Kk
JE kAR A O, H b miR-9 G gl 2 R 1 B N
Notch [A]JE 8 1 (neurogenic gene Notch homologous
protein 1, Notchl)/ %R 53 24H1 3 52 ¥ (hairy and
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JRE IR B, L3R 3R 2R I 25 T 30N B Y i K Ok
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AR5 TG RIE BE B ) #8123k miR-124 /]
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K BETE 4B Gk, let-Th ik 3 35 T4 i 9K
JL ¥ % & Tailless ¥ 25 [ (tailless-related orphan
nuclear receptor, TLX) A, F&AK #2545 40 g
G RAEk L 2 v | W=l A D N R = R W 1
25 AR T miRNA /] DUFE ik & & 4 I ) B A i
P28 T 1 R AT 2 R LR

miRNA 1}y 58 BOE 25 F 2 ik & 1) 5 2
TR, XA B P AT R A e O SEE L F
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TG e 2 S AL, A BRI S I RE A
(A% SR 22 () A7 2 5, el 0 ) L 3l 2 1 o 1A
5 lim X 3 fEF 1 (lim domain kinase 1, Limk-1)
miRNA W #5525 ol AR 28 fil 45 /18 ol 58 fioh 1%
FE W I B ) 9, DT S Sk A% a3k R AR S %) R
AN, IR SRS A KRR R ARG OC R . Ak
N A 3R 3K miR-134 25 5 350l I8 1 pp 22 5
(brain-derived neurotrophic factor, BDNF) 7K ¥ [%
I, 4 5 mT BB P, AR miR-134 7T 22 i 5 fih 1<
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A B2 388 58 2L W (long-term potentiation, LTP) &kt
RIS AZ B0 . R R A TN E T IR,
A K 5 38 miR-17~miR-92 #% Al #U fi s /b i St
Tl o W MR B 5 9Kk ) B F RN Y (phosphatase and
tensin homolog, PTEN) & &, #&HlHRELRK,
T b 2 rh o T 1 miR-132 (2 A 28 T LA
g Mol d& A, G W ON-F R D- R HBR (N-
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B, HSINA OB B, 1Y 0 I R O Mk T S e
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2.1 miRNA B g R s b B2 A R F
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DRI A S M A0 A AT 5 At s BEAIL TR, A A 2 R i
i 2 ik BEL 5 A e 1t 20 ) B A IS 14 ) JL/NES . miR-
335 F KK B IAR, 24 hik BIEAE 5 B WAL,
R % L 2 R /K T i A 5 G 4 i iR i R 0 B
R fe s v . P2 A 2 A8 &R 4K 2 0 B R P A
— B, R AR 05 ) S B B miR-335 B4
24 hgh T HAMH 0T LUK M R R Y
miR-497 W) 38 =5 40 08 T & B A Ak IR 2
(B-cell lymphoma-2, Bcl-2) F1 B 4 i bk 2 K+ -w
(B cell lymphoma-w, Bel-w) #9 Hl 3% 3k 35 bt di 4 ik
I E 2o T . — g A 106 5] HIBD M
LAY B R A B A 5T Y 4R B oK s BRE S miR-
384 RBKFEMMIE LR, EEBHEHMEIL,
M E miR-384 FK3A KV FEAL R W] b, HIBD 43 i
AR AT Ry it AT or 22, (R R P 77K F- Tt 5 sk
i, WINKLER % " i — 25 % 81 % 8% Ak LIS i
HRAE A T B R R 5 R A I miRNA, H AR IEIR YT
1937 £ JLH miR-30e-5p ik K F- B B 7w, vh/
Ji HIBD FRE V7 i #2 i B ph & & B 8 R 457 1)
Bk L miR-145-5p A K F I B &, R
miRNA A Ay Bl 4B i 71095 9 & i 4 34 25 )
A AR s O WA IR A T RO R BUS 9 A ) b AR
Yo RFAZERUS R RRES 2 Fh o vk Ho A fde Rl . [l
FHE L HIBD B4 L A 3 h I F I H miRNA 3£ ik
W, AR . HIBD B A L b &= A 1074

miRNA £k FH, HHmiR-374a, miR-181b, miR-
181a, miR-151a, miR-148a il miR-128-% ik /K F
THE . miR-374a RBKFREL, IF 5 & R G0
1353 F A= W0 2 LA A8 2% D) DG I 2 B Rf F
I TR A KRB oY WAE S AEAE 384
FIBHY miRNA - BE— 253 5 5 35 22 5 19 miRNA
g3 A TN AR S (BB R A3 (E >90 7y ), A
miRNA X 4 B i A7 AR 0 2%, AR R TN
HIBD %A= . B4 LI P X H 2 R T KA R
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2.2 miRNA 5 R KK S HIBD 51077 B
AR, TR R b A B PRk A A2 2 A 2
AE A A T 18 1) I 750 9 2k — 2D BEAZ AL . miR-210 417
i) 55 8 e AR UM B M E E EE FR s, gE MR
I i 5 e R P, {ELSE S 0] B = 3 S BT miR-210 5
% ¥ ¥ (miR-210 locked nucleic acid, miR-
210-LNA) AT DA 28 0 i ik A0 2854 fy ol s, i
B AN AT 30 Bk K i e A A 28 e E A SRBE Y BE
XF 7K 43 - e &30 375 1 7Kl JE 2 1 4 (aquaporin 4,
AQP4) JTZ oA T i 2 R, S dE S I B
BE A B ONIAR E B 23R o miR-130a & — i 5k 4%
FEMHNHE T, miR-130a-LNA 1] 4 &% 22 fifg it 4 Bk 1
Sy Wy A5 Y Tl K e R R, O S I R T IR A
BRSO RO A AL AT 5 T R . miR-93 ik
KB TE i, Gl JE miR-93 T LAY B R K i
EI R EZEDTot o W 572 3 L R ([N W 28I =14 /=2
XAl e 5 Toll ¥ Z k-4 (toll-like receptor 4,
TLR-4) # N T -kB (nuclear factor kB, NF-kB)
15 5 B% S iF AQP4A A G

2.3 miRNA 54y 2 X R A G MY B2
HIBD % 4 & J& i) = 25 F . miR-374a-5p i &
1] 871 38 2 B AR B AE B B kAR KR [ PR 6 (small
mothers against decapentaplegic family member 6,
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20 it R RE /NMA B A W) NOD R 32 7R 52 0% £ pyrin 25 44
W & 113 (NOD-like receptor family pyrin domain
containing 3, NLRP3) {55 &, W #l 2 o0-/h
B2 I 240 AR LA R A5 2R S A BRI, IR A A
7 AR A 0 X B A R S Y B R
78 : miR-204 RE W 5 85 A p53 195 1 DNA & il 41
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inhibitor, KLLN) ¥4 DNA & il 4 #l 71 ) 3UTR

p53-regulatedDNA replication
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g4, i A miR-204 30 i H 32 8 K 1 it
ENESS LRy S R N R S (S A
A L 0 A R T AR AR B N RN AR A
WL AR Bl T B KR 52 T A KRR B 42 ) e B AR
F o A i S0 B R 3 PCL2 40 S T %% ¢ miR-
146b-5p L4 Yy, Wl MIHRMERN TS . BT
AALBEAE, 3 R 30 NF-«B {55 38 A9 [ 4
MR 1Z KM ¥ 1 (interleukin-1 receptor-
associated kinase 1, TRAK1) Fl i 38 5 K 12 4
& H T 6
associated factor 6, TRAF6) 1% 4 & ¥4 ki {4 9 7k
FI Yo miR-146a 76 /I UK Bk i 399 90 8 7k 5, A
] NF-kB/TRAKT 55 38 i 14 3035 9 /0 R % 5
B 7= A, % i e i v R XUS 9t G B R B T
X miRNA 5 RIEM CREITHRAM AT T
it ARSI R S AR T, SR B IR T e R
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2.4 miRNA 5% 20 B A A6 i A A
ANE A P BOM TR, | A [ A A
B shss ™ BoR: miR-210 #ik £ 5 R
e L i A A A RS TE AR G OC 2R o miR-210 414 5] AT
T4 hORE i R & 2K (glucocorticoid receptor, GR)
BmERDL, EMT NE-«kB 5 5 38 F 0 /) i ot 44
JHL A S 08 A E I, el 2 P48 I8 BE T R ik A BT T
L, RIS AR A T EE . miR-326 i F K FE AL Delta
B[ /- 2z & (Delta opioid receptor, DOR) 7 il %%
B MRS B g LR T, TUER miR-326 F i 4L
KL DOR AE % 410 i) & 2 2 R 19 KA J R EH A
JK f# i 3 (cysteinyl aspartate specific proteinase-3,
Caspase-3) FlIBcl-2#HX X &1 (Bcl-2 proteinase-3,
associated X protein, Bax) [ #iL, #2540
A7 1, miR-181a 5 415 T LA i 4 22 o0 94
T, W/ R ZE AR, 3 O S 0 AT
RN, YU S Y WFSE N S A BE AR
i 35 T miRNA-122 3% 35 7K - @ T4 e X N RE
X 5 R A 2 T AR Bk R R R A TS 5 AN
KX F K miIRNA-122 8 50U s 4 31 A
w Ok N B2 4 8 (human umbilical vein endothelial
cells, HUVECs) A& 8. 41MIIEFRFEMT . 4024
T2 Th o TR S5 FL /N BUR i v 3l Jikwi A 2 P i S
miR-192-5p AT I % 48 0 S b M 28 0 T2, 470N il
FEFE AL, 38 4 miR-192-5p #8 m) T 9 SRR S5 M %
R W 2 AL VA 17 B 1A (dual specificity tyrosine

(tumor necrosis factor receptor-

phosphorylation regulated kinase 1A, Dyrkl1A) 3t
PR 2235 & PR AR VE
3R OE

S BT B 2R AU AR LA SRR BB B R
{5, {H HIBD /342 th 53 [ 8 A L™ 5 3505k Fl SE
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DLE T HATWIG K2 W . 1697 TS PEA B = 4 )
1 ER I8 S

miRNA 7E HIBD 3 # B B¢ v (19 3% 35 Sz H AL
Mz ashes, BH —-ERmRE. T
miRNA WG 4 1My |~ 3z #9984 55 2 fig X HIBD B A7 Bk
S, ARk N FE IR ARG LR ) OmiRNA
A AERG SRR KT AT Z R ek, (HH 5505 1)
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