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 E: BN o FR 0 EEZ R (micro RNA, miR) -139-5p, 41%& & % L BLAL# 4 (histone deacetylase 4,
HDAC4 ) #= & Jit &F 4 8% 1 % & ( glialfibrillary acidic protein, GFAP) 5 #7 A& JU &k & 4k fo M i 5% ( hypoxic-ischemic
encephalopathy, HIE) #if; = R E M X Z. Fik #I2017F 1 A ~ 202253 A7 AW P8 B4 469 HIE #
AILT2 B AR AT R (R ) 5 B4 B 69 % A #7400 75 6 A sh PR 2e, 55 Y 32 56 & ¥ PCR 47 o % P miR-139-
5p, HDAC4 % kK-, BB % 97K W% (ELISA ) 4 f2 7% GFAP /K-F. Logistic ¥ )2 947 % % HIE & L& B a4
RAEGEE, ER Sarmatak, R4 R F GFAP (1.30+0.37ng/L vs 0.50 +0.15ng/L ) , HDAC4 A8 3F & ik K -F
(2.05+0.39 vs 1.02+0.21) F+ %, miR-139-5p A8 & ik K-F (0.63+0.14 vs 1.01 £0.22) F» NBNA 34 (33.20 + 1.43
2 vs 39.85+£2.23 o) Ak, ZFBEALIFEL (1=17.304, 20.046, 12.436, 21.424, 3 P<0.05) ; HixPEiatat,
& B2 F GFAP (1.61+0.47ng/L vs 1.16+0.33ng/L ) , HDAC4 (2.43£0.37 vs 1.87+0.40) #8xF &k K-FH 5, miR-
139-5p Agxd &£ KF (0.38+0.10 vs 0.74+0.16 ) #= NBNA 3% (30.52+1.54 % vs 3446+ 138 %) B4k, ZFBEA%
it ESL (=4.690, 5.669, 9.900, 10.884, 35 P<0.05) . Logistic =112 5#7 %77, miR-139-5p {1k &k, HDAC4 & &k,
{& NBNA #F%-, & £ )5 | min R Apgar #F %% %A HIE &)L EE I H4 2 A4 A% EE (Wald =5.772 ~ 6.969,
OR=1.519 ~ 1.709, 3 P < 0.05) . Pearson » #7 % 7%, ioi& miR-139-5p & & /K F 5 GFAP, HDAC4 £ fita% (r=
-0.416, -0.579, # P < 0.05) , foik HDAC4 &k /K-FL5 GFAP ZEAE% (r=0.437, P < 0.05) . Spearman 2 #7 %%,
A2 7 miR-139-5p & ik KT 5 NBNA # 4. £ )5 | min A Apgar#F 4. & £ )5 5 min A Apgar #F % 2 EA48 %( = 0.398,0.367,
0.348, 3 P < 0.05) ; & HDAC4 & ik /K-F5 NBNA #4 . 45 1 min A Apgar 7% . # 45 5 min M Apgar %
22 R AR% (r=-0364, -0.345, 0332, ¥ P <0.05) . it HIE &)Lb i+ miR-139-5p & ik B4, HDAC4 &k
J+%, miR-139-5p, HDAC4 5 HIE &L = AR EH £,
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Abstract: Objective To analyze the relationship between serum micro RNA ( miR ) 139-5p, histone deacetylase 4 (HDAC4)
and glial fibrillary acidic protein (GFAP) and the severity of brain injury in neonatal hypoxic-ischemic encephalopathy (HIE).
Methods From January 2017 to March 2022, 72 HIE neonates born in Guangyuan Central Hospital were collected as research
objects (study group), while 75 healthy full-term newborns were the control group. The expression levels of miR-139-5p and
HDAC4 in serum were detected by real-time fluorescence quantitative PCR. ELISA was applied to detect serum GFAP level.
Binary logistic regression was applied to analyze the factors affecting the occurrence of severe brain injury in children with HIE.
Results Compared with the control group, the serum GFAP(1.30 +0.37ng/L vs 0.50 £ 0.15 ng/L) and HDAC4 relative
expression level (2.05+0.39 vs 1.02 £ 0.21) in the study group were increased, the relative expression level of miR-139-5p
(0.63 £0.14 vs 1.01 £ 0.22) and the NBNA score (33.20 + 1.43 score vs 39.85 +2.23 score) was decreased, the differences were
statistically significant (r=17.304, 20.046, 12.436, 21.424, all P<0.05). Compared with the mild to moderate group, the
serum GFAP level(1.61 £0.47ng/L vs 1.16 + 0.33ng/L), HDAC4 relative expression level(2.43 £ 0.37 vs 1.87 £ 0.40), miR-139-
5p(0.38 £ 0.10 vs 0.74 £ 0.16) and NBNA score(30.52 + 1.54 score vs 34.46 + 1.38 score) relative expression level in the severe
group were increased, and the differences were statistically significant ( =4.690, 5.669, 9.900, 10.884, all P<0.05) .
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Logistic regression analysis showed that low expression of miR-139-5p, high expression of HDAC4, low NBNA score and low
Apgar score within 1 min after birth were risk factors for severe brain injury in HIE children ( Wald x’=5.772 ~ 6.969,
OR=1.519 ~ 1.709, all P < 0.05) . Pearson analysis showed that the expression level of serum miR-139-5p was negatively
correlated with GFAP, HDAC4 ( r=-0.416, -0.579, all P < 0.05 ) , while the expression level of serum HDAC4 was positively
correlated with GFAP (7= 0.437, P < 0.05) . Spearman analysis showed that the expression level of serum miR-139-5p was
positively correlated with NBNA score, Apgar score within 1 min after birth, and Apgar score within 5 min after birth (7= 0.398,
0.367, 0.348, all P < 0.05 ) .Serum HDAC4 expression level was negatively correlated with NBNA score, Apgar score within 1
min after birth, and Apgar score within 5 min after birth ( 7=-0.364, —0.345, -0.332, all P < 0.05) . Conclusion The

expression of miR-139-5p in the serum of children with HIE was decreased, and the expression of HDAC4 was increased, miR-

139-5p and HDAC4 were associated with the severity of brain injury in children with HIE.
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SRS IMPERR ( hypoxic-ischemic encephalop-
athy, HIE ) J& B A= 10 2 85 300 3 A L i 4
Sl i AR 505 . HIE If PR 3 B e I B iR i
Bk 45 Mo s ™ B LT g & A i A L s
. ZAE R SR A 24 R 505 BE P,
PEEMM ARG R T, R0 ™ E R A R
HIPHRE S I R I PN, o S/ MEREAZ R ( microRNA,
miR ) JEIESIS RNA, AJVE L RGN 12 Ki1E
b B PEARTE, miRNA 5428 S0t 405 F s 48 R
A%, WTRETE HIE 1Y & AL o ke S s
miR-139-5p 5 #ll 22 2 Gt I 9 & w8 WM o6 B,
YAO % 1 % 3 miR-13p-5p A A5 Bl i e i 25 v B
MR / R IR DR L AT G SAHA %5 T
W Won, WS AE A 5 LBALRE (histone-
deacetylase-4, HDAC4 ) 154 3Rik 5 Mkt 5 i
I8 IABTT A RNCAC I BEA e IR RET AR 2
F ( glial fibrillary acidic protein, GFAP) ¥4 JL
=R EREA Y, BT miR-139-
5p, HDAC4 il GFAP 1 HIE LI (0 2361
M HAEZ [ R BFGE >, BT, APt
13 K I miR-139-5p, HDAC4 il GFAP 7& HIE f# JL
M7 IR, FE4 b7 H5 B 405 ™ R B A 5%
Z, DU MG R TR HIE [k kR it 2%

1 MHEEFE

1.1 #Fzxtrf URBE 201746 1 A ~ 202243 A
JETT L BE B A B Y HIE #9742 L 72 6 R F 58 0 4
(WFgedl ), Hoip Bk 32 1, otk 40 . 9 AbRifE:

OFF 4 HIE Z2WibrifE, =% 2005 4 iz JLEUE
e i P AR I WEARE ) Py @B A B TR AR A
R O = 37 . HiBRARE:. O K1k
Fi I UL QR EREA T E AL . L
AESEH QOHMRIEEL. P i A= 055 R R 5 |
AR ; @M RGGREIL; et e
PEPEIR . By PR S HAt e R 505 T 5 | ) i 461
Y L; O irg RGRY . IR R iR, LA
PR 2 A AL 75 B X R, b Bk 36

B, Lotk 39 B, THILLETORHLEILE 1. KIEH
SRR, WG Joii Tl BB BEZE DL At
A& (St 2016-11-098 ) .

® 1 HRAMMNBABRZSBILE 7 (%) , x5

S| BrRA iR 1y P
50 1 55 32 36 1636 0.201
HAERHAT (kg)  3.02£044  312:051 1271 0.206
SMRZEE (F)  39.04£664 385427105 0527 0599
Hit (X) 364042 372:053 1012 0313

1.2 A% 5&A LR E & PCRAX (£ H
BIO-RAD 7% 7 ) , M RNA #EBGLH & [ 18 5.

DP419, RARAEMFHE (dbnt) AIRAF ], ¢cDNA
SRGRHIE [ H25: FP314, KMRAERHE (dbst)

AR ], 17 GFAP 7K-F-H GFAP ELISA i 7l
& (g EEYRHEABRAR) .

13 Fix

1.3.1 GRS RHSCEE : B A LPESR . R .

SEXH WG AR ARE . AR 1 min BT EGIES
(Apgar 743 ) . A2 )5 S min § Apgar PF4. 7=
IAFEAE D (GO L . BRSPS
JEEESER . MRIERR . PTG BHAERE . PERT
B A ) S

132 MIEFEACREE: fEHA LA IS 24h PISRAE
ek 2 mi, 25.00( 3 500 t/min, 15 min ), 8 3§,
BT —80CUKAAIRAE

1.3.3  SERFHEEE i PCR KGN I I 7 miR-139-5p,

HDAC4 £iA/KF: IiE S RNA HLE RNA $2 50K
FIEREL, SRJ5 ] cDNA & R ) &bl 5 5 4 il
cDNA. H 32 B} 2% )t 2 it PCR X X} miR-139-5p,

HDAC4 #4794, WA 959 90s; 95°C 30s,
63°C 30s, 72°C 15s, 40 MERH. 5P L
AT A T AR FR 2 Rl A A, miR-139-5p,

F: 5-i:TCTACAGTGCACGTGTCTCCAG-3’,

R: 5-ACCTGCGTAGGTAGTTTCATGT-3"; U6,

F: 5°-GCTTCGGCAGCACATATACTAAAAT-3’,
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R: 5°-CGCTTCACGAATTTGCGTGTCAT-3";
HDAC4, F: 5°-GTGATGGGATTTCCATTGAT-3",
R: 5°-CAGTGGTTCAGATTCCGGTGG-3; P -actin,
F: 5-CATCCGTAAAGACCTCTATGCCAAC-3’, R:
5"-ATGGAGCCACCGATCCACA-3’, miR-139-5p
LI U6 HNZ: , HDAC4 L) B -actin JyNZ: R 2744
BT miR-139-5p, HDAC4 BRI RIA R .
1.3.4 Il i% GFAP K F#ill: Ifil 3 GFAP 7K ¥ H
GFAP ELISA BRI &R, FLAARBRAE ™45 e Bl
VLA HEAT

1.3.5 HIE /rgehnife U 20 mefLRfoioR,
R GHERR, XA SRR L4, Wk )T+ R ek
B, B EIER, (AR KA PR PEIT I iy ;
JE. WgRE, WLEKIEGR, BOLA IR b RE
Jivdss, M EMRH R, R A AT . T
B BEALHOR, Bk, fAERNRER, DL,
@& E N NS I T Ra e e R
WP e fF HIE SBJL M. P (CRerpidl,
n=49 ) FEE (FEEH, n=23) .

1.3.6 A JLAT A A4 %2 (neonatal behavioral
neurological assessment, NBNA ) ¥4 i JLiAE
JEAE TR BE BRI 10 min N 5ERL NBNA P43 1Y,
L35 5 A4, B4 40 4, NBNA 4 <35 43 H
SR

14 ZeitFob SR SPSS 21.0 XEE#1T
0T, BB 0 (%) For, R K.
R A IES ML « PrifE2 (=)
FoR, PRLLE] BT IS AEA K5 THETERIR
A IES A LA A (VA5 AiEEE ) [M (P,
P,s) ] 3~ , WAL R ] Mann-Whitney U K56
I3 ] —-JC Logistic [A1JH 53 #5220 HIE £ )L 3 il 45
Uik BRI ZE . FH Pearson 3237 1MiLiE miR-139-
5p 5 HDAC4 [ —# 5 GFAP BUAH=E1:, Spearman
3T miR-139-5p, HDAC4 5 NBNA 14y, 45
1 min P Apgar W43 HH . P < 0.05 A ZER A5

R

2 #HR
2.1 AFR A Fo 3 BB 4E fo 7k miR-139-5p, HDACH4,
NBNA 4. GFAP K-Fibi VL3R 2. S5XTHE4

M, BFFT4LIM T GFAP /K-, HDAC4 A% ik
KR, miR-139-5p AN FRIAKF- . NBNA #7453
AL, ZRA%0tE X (P <0.05) .

22 RE AR A2 E HIE % U 7 miR-139-5p,
HDAC4, NBNA 4. GFAP K-Fibix W3 3,
Siprh ML, REEAIME GFAP /K-, HDAC4
FHXF 2R A K85 i, miR-139-5p AH XS 3% 35 7K
NBNA P8, ZR A5 F R X (¥ P<0.05).

xR2 33 4B 0% BB 48 I 3% miR-139-5p, HDACH4,
NBNA iF4. GFAP /KFELLE (x+s)
iH PR (n=72) XHHRAL (n=75) ¢ P
miR-139-5p 0.63+0.14 101£0.22 12436 0.000
HDAC4 2.05+0.39 102£021 20046  0.000
NBNA PE4 (43) 3320143 3985£223 21424 0.000
GFAP (ng/L) 130£037 050015 17304 0000

R3 AERRGEERILIE miR-139-5p, HDAC4,
NBNA 4. GFAP 7KFEELE (x+5)
i H B EH(n=49) TE4H (n=23) t P

miR-139-5p 0.74 +0.16 038+0.10 9900  0.000
HDAC4 1.87+0.40 243:037 5669 0000
NBNA ¥4+ (4) 3446+ 1.38 30.52+1.54 10884  0.000
GFAP (ng/l.) 1.16+0.33 161£047 4690  0.000

23 # P F A4 F F 4 HIE £ UG K45 42 L 4R
W 4, FEEH S G FARE YL T
Brp g, mEEHEANS 1 min N Apgar 743,
A J5 5 min N Apgar WM TR A, 25645
R (P <0.05) .
*4 BHEAMEREA HIE BILIGRK
FHELLB [0 (%) , x=s, M(Pys,Pss)]
% AL (n=49 )EELL (n=23) Z P

51k 24 (48.98) 12(5217) 0064 0.800

Jials () 3042+132  3890x116 1649 0.104
FHHE (K) 354061 362054 0537 0593
WARMAE (kg) 271030 262£032 1162 0249
Afgii;}m;f) 5(3, 6) 3(2,4) 2985 0.003
A:'gi’f‘;;m(“;g 8(7,9) 6(5,7) 5415 0.000
IR mmE 6 (12.24) 4(1739) 0050 0823
BRI 3(6.12) 2(870) 0009 0923
PR 2 (4.08) 6(2600) 5608 0018
MBS 1(2.04) 1(435) 0046 0831
R 1 3(6.12) 2(869) 0009 0923
FKE R 1(2.04) 5(2174) 5581 0018
BRI 5(10.20) 3(13.04) 0002 0964
7R A 6 (12.24) 3(13.04) 0082 13.04
A 44 (89.80) 20 (8696)  0.002 0964

24 YoM HIERBILEERMBMHG LA AW S HE
Logistic @ )2 54 W3 5. LA HIE B L2 6 &%
HEER AR (& =1, &=0), LI miR-
139-5p, HDAC4, NBNA ¥f-4r. GFAP, A )5 1
min N Apgar ¥F453 . )5 5 min N Apgar #7453 (3%
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JFAEACA ) | RS E (JR=1, %=0) . FKi5
v (JE =1, f=0) K HAHEIIT Logistic 711453
Br, ZEHR B/, miR-139-5p fK# ik . HDAC4 =3k

ik, i NBNA 343, KA J5 1 min N Apgar 343
JERZM HIE B LE i £ GREE (P
< 0.05) .

x5 %I HIE 2 JLE ER{h & £ ZEER Logistic B354
230 MIEERA¢ PR Wald P EXP (B ) 95%C1
PR 0.236 0216 1.184 0276 1265 0.828 ~ 1.932
ks g 0.602 0.365 2721 0.099 1.826 0.893 ~ 3.734

HEJR 1 min A Apgar 43 0.536 0.203 6.969 0.008 1709 1148 ~ 2.544

ST 5 min 1 Apgar 143 0.091 0.248 0.134 0.714 1.095 0.673 ~ 1.780
GFAP K 0.492 0316 2427 0.119 1.636 0.881 ~ 3.039
NBNA 4} 0.533 0.209 6.518 0.011 1705 1132 ~ 2.568
miR-139-5p 0471 0.196 5.796 0.016 1.603 1.091 ~ 2.354
HDAC4 0418 0.174 5772 0.016 1.519 1.080 ~ 2.136

2.5 HIE & JU f2 7 miR-139-5p 5 HDAC4 #8 % &
S AEWE B2 M (targetscan ) i) 7n, miR-
139-5p 5 HDAC4 fF1E25 G005, UL 1. Pearson
SR, I miR-139-5p Fik/KF5 HDACS &
AR (r=-0.579, P < 0.05) .

4343 4365

I |
CGTGGAAGAAAGGAGC-CTGTGGC

AR R N N R
TGACCT-CTGTGCACGTGACATCT

1 miR-139-5p 5 HDAC4 &&=

2.6 HIE #JU miR-139-5p, HDAC4 5 GFAP, NBNA
5. A )G Apgar 3 4 A8 X M5 Pearson 43
Mri@ s, 7% miR-139-5p £ ik /K5 GFAP £ 1
5% (r=-0.416, P < 0.05) , IfiL7% HDAC4 % ik
JKF- 5 GFAP £ 1E A 3¢ (7=0.437, P < 0.05)
Spearman 43 #1 & 7, Il 7 miR-139-5p & ik 7K F
5 NBNA 43, /)5 1 min N Apgar ¥4, H
A2 J& 5 min P Apgar 3 43 5 1E A 5 (= 0.398,
0.367, 0348, ¥ P < 0.05) ; Ifil}§ HDAC4 & ik
JKF-5 NBNA P£43, A4S 1 min N Apgar ¥E53 .
HAEJE 5 min N Apgar P40 & it (1=-0.364,
-0.345, -0.332, P <0.05) .
3 g

SR PR (HIE ) S4B 5 n
K RGEA , IRIT AR M g B A L &
A4 a e aE " B d: )L HIE &3 LR g el 3e T
MR Z—, AR IS e E R, — Al bR
BE L R R, BT E LR A
Sxpe A g a e A O A, T A ) & R
o L 2 Ih e & A A vE BB B30T 1Y By

A )L HIE & & A A APE R 05 A7 A — BE o 4R 7
BFIR], SR R) B N A R A T4 22 D R b T BEL L o
ZOTHITHT-RIRAE, Bt 28 R Gk AR 1.
ST A= L HIE Rl 10 = ERR A SC R 26
X ekcsE HIE B5A 2 .

miRNAs A] i i 8 7% mRNA 1% Fl k& & 1k ok
A 545 Rl AR RS T KR F ST miRNA
FEHTAE L HIE A /E P B AL T Ok B 22 1 T3
ZHANG %5 VO 58 o, BB 05 KRR A 2 40 g
t miR-139-5p F35 T, i ik HY miR-139-5p Af
PO IR K BB Sh D RE . DB v SR 2
T, HEAE LWL 4 (HDACS) RIS
P2 R 2R AT M A ¢ 1, HDAC4 7
Zordiarp ] 2 5 48k, HAR B m P R S
CAl XFhThm ", LUO %5 ") 75 15 52 40 i e i
A - HEERIZT /P4 E (OGD/R ) BN Bk 1 77
FEVERG, &I HDACA PN IR (VPA) A
DI ph 2590552 OGD/R $i405, AWFss kM, #F
FEALIMLE miR-139-5p FH X 2 35 /K AR T X BR 41,
o B 20 1ML miR-139-5p AH XS F ik KA T4 B
4, WFFELLIL T HDACA AHXS Feik /K FX R4,
YL HDACS HIXF kK m T b 4,
$278 miR-139-5p, HDAC4 ¥ 534 JL HIE i % /&
MR mREA X, —EYTRESE THEIL
HIE %A Kottt

I SR AT AE R P 11 ( GFAP) TEINZH 41 35
YE ¥R BLIE AN MG A 25 F4 AT RE, 4 P AiX 22 a2
BE, I G T L e i GFAP 5
B, FUB AR LS 3 B 405 8 2 1M T GFAP /K
U TR, REAY, MA % P RS IESE,
P04 HDAC4 nJ 3 i3 FEAIRWLAE B 2 MYOG ik ok
ZfR I ZE NN ZESE, HDACS HH) 7 ] fg
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JEIRIT PR LR AR I AR 25, RIAMRER
ik HDAC4 W] BE R ff M 2235 SN 22 45 . A HF
SR, WFITU] NBNA PEMIC TR, @A
NBNA PFME T4 4L, FFFR4Liig GFAP /K
S TR, F AL GFAP K T g
4, $&/m HIE BJLBEE PR i, e
SR, SRR, A SCHRA Y HDAC4 TR
HAU I E PR S T RAER, A Sk
HDAC4 f i Tt oy T iR, AHOCHE SR (TS
E— R, AR HE— b s, HIE BJLIn
% miR-139-5p, HDAC4 ] 5 GFAP /K B A #H 5%
£, #2758 miR-139-5p, HDAC4 0] fig 520 HIE L
it 2 oae. H. Logistic [MJ343#7 .78, miR-139-
5p, HDAC4, NBNA 43, Hi2E/5 1 min N Apgar
W52 HIE LR BN & B R m R R, Bl
DL B AT e HIE B LT BN & 2, itk
Ah, NBNA P4 1] DU B = LI & Bk . B
K05 5 i % S #a$, Apgar P43 A2 L
2= FORBCPEAL, S LA o6 Y, i A i
FE I H miR-139-5p, HDAC4 ik /K F 5 NBNA
P4y, AR 1 min (N Apgar ¥F4) . HAEJS 5 min
N Apgar T4 BAT B%AHE, 4278 miR-139-5p,
HDAC4 Y] fie 5 HIE HJLHE EE A ¢

miRNA A LR G EE R P51, 8 4 O PR 3¢
ik, NI 2R i &4 K, . ZHAO %
9T BN, miR-139-5p 785 A& PERUR AR AR K B
2N FK T H, miR-139-5p i 263k n] #L ] 7134
25 Notch 38 U8 52 & M0 FE L 175 S ) P 22 2
R SR A IO SR A 22 A PR T3 DUAN 45 2 A4
B /R U SR & BILEE v (4 A 2451405, & B miR-
223-3p/HDAC4 il 5 & i A ¢, 1 miR-223-
3p, #Hil HDAC4, W] LAMGE#hZefifs, MdldET,
%SG, $EE AR, Target Scan Human 3 i
I miR-139-5p 5 HDAC4 fEAEflt m &S 5074, Lk
Y7 W] miR-139-5p n] i i P = f L R A S
WA, AT S A DRSS R AR 7R miR-139-
5p 5 HDAC4 [MIfETERARC IR, 5 M il 25
AEFE, PR A TTReAH AR, JE[FS2m HIE &L
s s & A R, O T IR 5 Sad 7 i —
T

2 [ ik, HIE & LI B miR-139-5p ik
R4k, HDAC4 £iATHE, miR-139-5p, HDAC4 5
HIE LG 05 E R A O¢, #EN miR-139-5p,
HDAC4 H:[i] 2 5 HIE Wk Ak, HEEN 2
HIE F ¥ i E 4G br . AR RS T: &
Jo, FEARSRUN, TRERBCGR SR Iriwfy, Bt
= EEME; HIK, A 5E miR-139-5p, HDAC4 25

HIE %A= R R BN FHAILA v R B o DR 3R
KA — L IGIE, [RIRTZS GRS . iy
4, #E— WG miR-139-5p, HDAC4 [t ELAKJH 15
P, WJE i HIE S T2 I A 1%
(SIEe

SE k-

(11 FZLH], Bmed, =16, 5 . 2L 8 s
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