526 54 T SR A& Vol.26 No.4
2024 4F 4 A Chin J Contemp Pediatr Apr. 2024

doi:

10.7499/}.issn.1008-8830.2310067

W - I RHT

R ST 10, Bel-2/)l89%; 7 E1B19kDa # H.
YEH 3 1 3 48 )L s 81 P PRIt 40 v 1) 38 38 2 i L

AE IFER OB EH AWE TEE

(FEMEFARFZWBEENILEER 1. EmESFF; 24250, ZrkM 221006)

(WHE] BY B WEE4EISEFH T la (hypoxia-inducible factor 1o, HIF-1a) . Bel-2/5 2 E1B19kDa AH &,
YEHE 3 (Bel-2/adenovirus E1B19kDa-interacting protein 3, BNIP3) 7E JLEE Q5P ki 475 (traumatic brain injury,
TBD s b, IEITAT AL E TBUR SR E R BUS WIRIRIME. A& AEHEgA 2021 45 1 H—2023 47
H 47 BPh R TBUEL AW S, AREAS R EF Sk b 4] (9~124)) FIEEWAL (3~843); LU
[ IH PRI B AT TR HLICHERE 1 30 il BUL M ST HRA . FR44S 4 HIF-1ae. BNIP3 . [ WA ICER 4 Beclin-1 5
S100B /K122 7, RHZ R EPAERMEMZR  (receiver operating characteristic curve, ROC <) PPE HIF-1a .
BNIP3. Beclin-1 % S100B X} TBIJ 15 5 # K WS TN E . 4558  TBIALAEJLINTE HIF-1ee, BNIP3. Beclin-1,
S100B K F-# FATHEL (P<0.05); TBIE LW, FEREEFAI HIF-1a, BNIP3, Beclin-1, S100B 7K F 7 41
(P<0.05) o AHEMEZMHT 7R, LW HIF-1ae, BNIP3. Beclin-1. S100B 7K 5 k& 57 7 5F B 2k 3720 B A0 & (P
<0.05). &I 7dJ5, AEFAR TBIAIFA TBI & LA HIF-1c. BNIP3. Beclin-1 & S100B /K- Y5697 1 F %
(P<0.05) . ROC &3 #r B, I3 HIF-1a. BNIP3, Beclin-1. S100B /K 73030 & & TBI % i 26 1w A2 43 551
0.782, 0.835. 0.872, 0.880 (P<0.05), Tyl TBI fii)5 A KA 4 T i #2310 0749 0.775. 0.814, 0.751 (P
<0.05), £5i& TBIAJLIMIE HIF-1a, BNIP3 J Beclin-1 /K S22 Thi, A LKA B 11 BRFI T TBI S LAYHG
152 TR [FhEYRILRIZE, 2024, 26 (4): 378-384]
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Expression and significance of hypoxia-inducible factor 1o and Bcl-2/adenovirus
E1B19kDa-interacting protein 3 in children with traumatic brain injury

ZHU Lei, WANG Xue-Cheng, XU Yan-Yan, WANG Nan, ZHU Bing-Xin, LI Zheng-Wei. Department of Intensive Care
Unit, Xuzhou Children's Hospital Affiliated to Xuzhou Medical University, Xuzhou, Jiangsu 221006, China (Email: xu-
zhouzhulei317@163.com)

Abstract: Objective To dynamically observe the changes in hypoxia-inducible factor la (HIF-1a) and Bcl-2/
adenovirus E1B19kDa-interacting protein 3 (BNIP3) in children with traumatic brain injury (TBI) and evaluate their
clinical value in predicting the severity and prognosis of pediatric TBI. Methods A prospective study included 47
children with moderate to severe TBI from January 2021 to July 2023, categorized into moderate (scores 9-12) and
severe (scores 3-8) subgroups based on the Glasgow Coma Scale. A control group consisted of 30 children diagnosed and
treated for inguinal hernia during the same period, with no underlying diseases. The levels of HIF-10, BNIP3, autophagy-
related protein Beclin-1, and S100B were compared among groups. The predictive value of HIF-1a, BNIP3, Beclin-1,
and S100B for the severity and prognosis of TBI was assessed using receiver operating characteristic (ROC) curves.
Results Serum levels of HIF-1a, BNIP3, Beclin-1, and S100B in the TBI group were higher than those in the control
group (P<0.05). Among the TBI patients, the severe subgroup had higher levels of HIF-1a, BNIP3, Beclin-1, and S100B
than the moderate subgroup (P<0.05). Correlation analysis showed that the serum levels of HIF-1a, BNIP3, Beclin-1,
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and S100B were negatively correlated with the Glasgow Coma Scale scores (P<0.05). After 7 days of treatment, serum

levels of HIF-1o, BNIP3, Beclin-1, and S100B in both non-surgical and surgical TBI patients decreased compared to

before treatment (P<0.05). ROC curve analysis indicated that the areas under the curve for predicting severe TBI based
on serum levels of HIF-1a, BNIP3, Beclin-1, and S100B were 0.782, 0.835, 0.872, and 0.880, respectively (P<0.05), and

for predicting poor prognosis of TBI were 0.749, 0.775, 0.814, and 0.751, respectively (P<0.05). Conclusions

Serum

levels of HIF-1a, BNIP3, and Beclin-1 are significantly elevated in children with TBI, and their measurement can aid in

the clinical assessment of the severity and prognosis of pediatric TBI.
[Chinese Journal of Contemporary Pediatrics, 2024, 26(4): 378-384]
Key words: Traumatic brain injury; Bcl-2/adenovirus E1B19kDa-interacting protein 3; Beclin-1; Hypoxia-

inducible factor 1a; Child

B TER 15 (traumatic brain injury, TBI) J2&
JLEHE W 2fEERE , HAT = i 3O R s vk
R N2 2 B I R S TBI S W AL ks B e s 1
1Mk 420175 5 I F 1o (hypoxia-inducible factor la,
HIF-1a) 753X — 3 B o 2 vl G sEVE T . BRAE
R LB, M5 HIF-1a 7K X BN 5 B TBIAY 2
W K T DA B B IR R (B Y, SR T
JLZE fi B B B L 2 2540 5 N B AR, FE
Il RAZ YT B I PEAR 7 5 AR 25 57
Bel-2// 5 # E1B19kDa #H H./E H & 13 (Bel-2/
adenovirus E1B19kDa-interacting protein 3, BNIP3)
JEHIF-1a FIFEAENEER, HERRKFFEZ
HIF-1a #5425 5. Beclin-1 42 [ W 0 e H 2 B 1T,
HZRIRIKE ] R e F K7 R AR SE b 5 IR
52, F WK A EORE LR TBI Y SRR vh & 45 T3
YER T o A AT A B AT I R I 5% % B0, G I it ¥
BNIP3. Beclin-17K-V-A B T JL# #45E T 2 i 1Y
2 ™, BRI SE T BNIP3 ., Beclin-17£ TBI H1
IR MG RIS 0 R UL A1 o A B9 38 2 A5 TBI
LIBT3 HIF-1a, BNIP3 5% Beclin-1 7K3F-
MR, WG AR JLEE TBI H A I R A
1 BEREFE
1.1 MRS
T P A R M B A 2 B s A M L 2 = B
2021 4% 1 H—2023 4F 7 J Wtif 1 47 5 v 8 B TBI A&
LR G PARRIE: (1) A7 WA il 50595
. 283K CT 3 MRLASG 53R 55 TBL; (2) &4
5 B KP4 (Glasgow Coma Score, GCS) <12 43
(<843 HHEETBL) ; (3) 3247 % ARt} [A]<24 h;
(4) BRAETCPh & R Fiw s s (5) BILM
PSR . HEBRARE: (1) A A SRtk

P . MR PN o3 A 95 e B0 g 4 Lt
Pl s (2) ABERTFESMNSE FARIGIT; (3) BIFH
RGN 5 e R DR e v i e 3R e
1T FARIGYY HICERIPE 1Y 30 11 B LAVE A%t BRAH .

ARG L TR e R 2R PR by 2l (2021-S-
07-K07) , JF 7£ 0 EH Ih K ik = oo FE M
(ChiCTR2100048753) .
1.2 WA E

P WX R ABE 1 h RAESMNE L3 mL, &
O3 B LY 5 -80 CAERRTERY o R FH XTI o i
156 0 728 % B 325 90 52 1ML 3% HIF-1ac, BNIP3. Beclin-1
S S100B 4 I RIR K, w5 & 3 i =
B4 ey A R A F (45 53 51l 25 SEAT98Hu,
SEJ545Hu, SEJ557Hu. SEA567Hu), J™#%$ IR i
R G UL B HTEAE. WRIT 7d)E, TBLEJLE A
iR TEPR
1.3 BEiA

FEAT TBLIE LB 2055 11, A4S i
B UG PES (Glasgow Outcome Scale) H W7 £ L Fit
Ja: 541, WERE; 457, BERE; 34, HE
BRI 24y, MWAAT; 14y, TS 1-35 WG
AR, 4~5R/TE R4
1.4 FitZEHSH

K HISPSS 25.0 b it AT g it o . JEIERS
AR TR TORER AR A2 B (DU B mIEE) [ M
(Ps, Py) | Fon, @HIa] ek H Mann-Whitney U
K5 s E A 4040 AT 0T R R B = nifE 22
(X +5) FoR, LM BRI PIREA B B (K56 .
TR A 3% (%) o, A ek
MR RS . A5 Hr R Spearman BRAH G
K H 32 0 5 B AE F7 AE #h 28 (veceiver operating
characteristic curve, ROC i1 &) TF 1 2 Wr %% 6E -
P<0.05 2= RA G2 L
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2 #R Ph2E R S TBI A R S 20 A EE B I 4 A8 L J) 2 53]
(x°=0.254, P=0.614). 4Ei% (Z=-0.166, P=0.868)

2.1 FA—RFIRILLE Lo i A BEE] (7=-0.732, P=0.464) %

TBI ZH A%k REZH B LRI 5] (°=0.004, P= S g2t , W#E1,
0.949) . 4y (7=-1.803, P=0.071) 2R IsE

®1 WHBIL—MABILER

. " B AR ZA5 2 A G R]
e g [#1(%)] [M(P,s, P,,), ] [M(P,s, P,)). h]
X HEZH 30 20(67) 2.71(1.83, 3.79) -
TBIZH 47 31(66) 2.08(1.08, 3.92) =
i R 24 30 19(63) 2.21(1.08, 3.85) 5.0(4.0, 6.0)
HEETA 17 12(71) 1.92(1.04, 4.46) 4.0(3.0, 6.5)

V. [TBI] R HERRH0.
22 W4 E)LIMEHF-1a. BNIP3, Beclin-1. Beclin-1 & S100B 7K °F & F X B 20 (P<0.05) ,
S100B 7K FE Lb %5 22,

TBI 20 & JL A Bg B} Ifil % HIF-lae. BNIP3.

%2 WHAEILMFBEHIF-1a. BNIP3, Beclin-1, S100B7KFLLE (F+s, pglLl)

il % HIF-1a BNIP3 Beclin-1 S100B
X 2 30 0.159 + 0.041 0.176 + 0.053 0.205 + 0.023 1.293 +0.207
TBIZH 47 0.380 + 0.105 0.400 + 0.092 0.424 +0.092 3.580 + 1.079
i -12.972 -13.493 -15.505 —14.124
P <0.001 <0.001 <0.001 <0.001

W [HIF-lo] $EIAESHF-1a; [BNIP3] Bel-2/l#EE E1B19kDa #H HAEFHFE 1 3.
23 HEE TBlI &)L M & HIF-1a. BNIP3. la. BNIP3. Beclin-1 } S100B 7K /55 T B ilF 20
Beclin-1. S100B 7k FEb35k (P<0.05), WF3,

TBI LA, = W48 LA B ML HIF-

%3 HEETBIEILMFHIF-1a, BNIP3, Beclin-1, ST00BAFLLE  (v+s, pe/l)

2151 %k HIF-1a BNIP3 Beclin-1 S100B
o4 30 0.342 +0.088 0.359 +0.071 0.381 +0.072 3.066 + 0.769
ERETA 17 0.447 £0.101 0.471 0.083 0.499 + 0.075 4.486 +0.952

i —3.747 -4.891 -5.283 —5.574

PiH 0.001 <0.001 <0.001 <0.001

W [HIF-la] SEIAESHF-1a; [BNIP3] Bel-2/lHEE E1B19kDa A HAE IR 14 3,
24 TBI & JL I & HIF-1a. BNIP3. Beclin-1. S100B 7K °F 5 GCS ¥F 43 & i #1 2% (P<0.05) ,

S100B 7k 5 GCS #EARItE X 41 Zz4,
TBI &£ JL A B% B} HIF-1a. BNIP3. Beclin-1.
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25 TBI & JL & fr Jg M & HIF-1a.
Beclin-1, S100B 7k FZ5 4k,

TBIE LA 4 BIEERTHIBE, ARE A M 465 -
2 SR I T ARG YT AT BB XS LA ML 2F F8 A = A
S, 4% 4349 TBI LR 2 & F R F AR
HFHAEFARWA, HrhFARWL 156 (74,

BNIP3.

B, BGAR1246], F)5A BT i HIF-1a,
BNIP3. Beclin-1. S100B 7K V-3 T )5 B 47 41
(P<0.05), W7,

%4 TBIZ)LMIEBEHIF-1a. BNIP3. Beclin-1.
S100B 7k 5 GCSiE4HE X%

HhEES), AT ORI 28 (5] (FEZ 61, 22 . CCS AT
), P R L 1A AR S5 U 2 S G R X Al Piii

(’=1.874, P=0.171). J&¥7 7 dJ5, WI4LE LM HIF-le: (bg/L) -0.383 0.008
W ; N SN BNIP3 (jug/L) -0.544 <0.001
FTHIE o BNIPS. Becline-t $1008 K550 Beclin-1 (pg/L) -0.597 <0.001
JPET FFE (P<0.05), W3S, 1000 (o) e —

2.6 15 HIF-1a. BNIP3. Beclin-1. S100B 7k
TINE E TBI KM E

ROC M4 45 3 W, A BE B I 3% HIF-1a,
BNIP3. Beclin-1, S100B il & & TBI i i1 £& T i

-

[HIF-1a] 805 S A F-1a; [BNIP3] Bel-2/J1F i 7%

E1BI9kDa B A 35 [GCS] ARFIraf Bk vy,

x5 TBIEJLiBTHEIBMEHIF-1a. BNIP3, Beclin-1.

1 (area under the curve, AUC) 43 %] & 0.782. S100BKFEHILEE  (x+s, pe/l)
0.835. 0.872. 0.880 (P<0.05) . Ifil i HIF-la 1F L SR i) Bk fFE P
0.363 pg/L i Youden {HEK, SWiEE TRy R G~ FTALA 28
FE K 76.47%. H5 51 N 66.67%; Il 15 BNIP3 7 HIF-1a 0.349 = 0.090 0.332+0.077 2.386 0.024
BNIP3 0.370 = 0.074 0.354+0.076 2.756  0.010
Al = ‘/7\ ) = Al )
0.414 pg/L I Youden {HIECK, 21 EE TBI R i Beclin-1 0387 +0.072 0371 +0.060 3.020 0.005
JE 0 70.59%, ¢S5 IE N 83.33%; il Beclin-1 ££ S100B 3.343 £ 1.071 3.219+1.002 2.837 0.009
0.398 wg/L I Youden fifi K, Z2WrEETBIM R Frus 15
BN 100%, %% 5 E N 63.33%; I35 S100B 1E HIF-1a 0.428 + 0.124 0.381+0.106 3.263  0.006
4.140 wg/L i} Youden fH 5k, 12 W1 i TBI B 2 4 BNIP3 0.438 £0.105 0.414£0.095 3.199  0.006
HE 64.71% . HEEE % 9333%. W6 Beclin-1 0.463 = 0.089 0.413 £0.097 4.713 <0.001
e . ) ™ »a . o o
S100B 3.640 £0.910 3.430+0.766 2.288 0.038
27 AR E TBI &2 JL X BB 11 7F HIF-1a. — - —
W [HIF-la] $t%i% S W T -1a; [BNIP3] Bel-2/JIf 9% 3

BNIP3. Beclin-1. S100B 7K F tL %%
FrA TBLE LM 24555 14 H , Bl B35

E1B19kDa# HAEHEH 3.

#£6 ABERMiEHIF-1c. BNIP3, Beclin-1. S100B X & TBI BN E

Eic SR AERMTH (we/L) AUC 95% {5 X [d] PIH RIGE (%) FERRE (%)
HIF-1a 0.363 0.782 0.648~0.917 0.001 76.47 66.67
BNIP3 0.414 0.835 0.718~0.953 <0.001 70.59 83.33
Beclin-1 0.398 0.872 0.774~0.969 <0.001 100 63.33
S100B 4.140 0.880 0.784~0.976 <0.001 64.71 93.33

e [HIF-lo] SUEEESHF-1a; [BNIP3] Bel-2/8f0 7 E1B19kDaAHEAEFHZE T 35 [AUCT i F i,
R7 AEFREBILNBRERMFHF-1a, BNIP3, Beclin-1. S100B/KEHLLE (x+s, wg/L)

4151 1% HIF-1a BNIP3 Beclin-1 S100B
Tilje R AFIEZH 35 0.357 +0.100 0.376 + 0.084 0.396 = 0.073 3.296 + 0.909
e A RIAH 12 0.446 + 0.095 0.470 £ 0.082 0.505 = 0.096 4408 = 1.144

i -2.678 -3.345 —4.079 -3.419

Pl 0.010 0.002 <0.001 0.001

o [HIF-la] $EAESHF-1a; [BNIP3] Bel-2/#E E1B19kDa tHEAEHIHE A 3.
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2.8 Mi& HIF-1a. BNIP3, Beclin-1, S100B 7k
T TBI F g B &

ROC fl £ 45 S o, A B B Il 35 HIF-1a,
BNIP3., Beclin-1, S100B #iill TBI & JL 5 A K )
AUC 43 %1 2k 0749, 0.775. 0814, 0.751 (P
<0.05) . Ifil & HIF-1a 7E 0.316 wg/L B} Youden {f fix
K, P TBLFS A BB REE N 100%, 57 B

1 45.71%; 1L 1E BNIP3 7E 0.446 we/L B} Youden {H
A, T TBIHUS A B REUE N 66.67%, i
i} 82.86%; ML Beclin-1 7 0.461 pg/L i Youden
fHE K, 0 TBI S A KA R EUE R 75.00%, FF
SHEE R 77.14% ;1137 S100B 7F 3.675 we/L i Youden
R, T TBIFUS A R 1Y REE N 66.67%, FF
SEEE R 77.14%, W38,

%8 MmiFHIF-1a. BNIP3, Beclin-1, S100B il TBI /54 B B9 &

izt AFEEWTE (ng/L) AUC 95% BAFIX A P{E R (%) BB (%)
HIF-1a 0.316 0.749 0.605~0.892 0.011 100 4571
BNIP3 0.446 0.775 0.632~0.918 0.005 66.67 82.86
Beclin-1 0.461 0.814 0.653~0.975 0.001 75.00 77.14
S100B 3.675 0.751 0.580~0.922 0.010 66.67 77.14

HF: [HIF-1a] $4HSHF-1a; [BNIP3] Bel-2/l% 7 E1B19kDatH EAEHEE A 3; [AUC] ML N,

3 iTtig
TBI &S HILESCT- MR AY TN 2 —,
R EALEIE 2%, 245 MAT M, BilEIR
LITRMEZ R M IR TBT A LAYIR T,
T LA IR A B T oEE LIS o

HIF- 1o 2 AL N A 1 25 550, 18
I 2 e i 4 R R EAE A . TBLA &
B i NN A DA T = S IR AR
I A4, T A ] 2 o, g S D) 2 3 — 25 o o i 7K
Jifr, T RCEEEER Y BRAETE ZWFIESS, HIF-
la 5 TBIG Z i BRE AR 2 YA 3¢, SR 1 HAE TBI
g BRAERE T VR AR AEAE s, IR 45 SR AN R AH
6] s, AR AP IR SE . AWESE K, TBI
LM HIF-1a FRIK A 2E T+, IR HEAK
HEIEWIR TR, HHRIAKES GCSTEr 27
2, $RE7R I HIF-1o 2 S0 L FE TBLJR IS ™ &
PR KT (P TERR S

PRZANMEIE T . VR UESEAE TBI A B AR
TR EE AR T, BNIP3 J2& Bel-2 85 1 M A ik
H BH3-only WK G1, W5 MR 24 sk 5L E1B
WL EAN B2 AL A, S54IMT. A
WA AR 1, Mu S5 Y AIFSRIESE, TBI K Uk 421
BNIP3 Rik W &GN, IS eh i i i T/ &
Ao Beclin-1 2% HWE R SCHERR 1, 76 A W/ MA
IR B EZAEH . Zhou 58 ™ BFFTUESE,
TBI/N U2 4T Beclin-1 #23k B 31 fin . SR T
BNIP3. Beclin-1 7F TBI W 2 ik i Il R AF 78 R DL 4R

o AW AL, TBIA LIS BNIP3, Beclin-13
RACPR IR TR, B SR E R R
TEARDG, IRYTHE AN 5 LRI R R,
FE/R A L7 BNIP3 . Beclin-1 3k /KA B T3
Wr TBI AL K Wi o Bk4h, BNIP3 2 HIF-1a T
T EIEM AT, AESECIRE T nl s 358 B,
S5 FR B > AIFSEIESE, HIF-1o/
BNIP3 {55380 [H638 22 45 1) 058 70 A ot 0P 3 1)
MR REETAER ™, AR A, HIF-la
55 BNIP3 2635 7K V- 75 TBI 2 JL A9 T2 v 5 [ 1) 2k
A, G5 H AR 1 Beclin-1 A9 216284k K BEAE
SR FE 45 5L 2, HED HIF-1o/BNIP3 {5 518 1%
Al AEE R A S S TBI AR, XAk
— I UE S

H A JLEE TBI A7 175 J i S 79U DAk 32 22 1ot
GCSTFIr . PR r A S, A — M RR
PEo G RIATT AR L BRI 255 M0 GCS
TR EE S, TR 2K A B 10 e i kb s FR
sCRHCIE O, FLE A fa H AR L L5 1Sk /i CT B
MRIKGEL o i R b iR 7 A PR Sz e 15 2 o ELUERA
PE | R R B S BR . S100B 25 2 A
I 453 43 A B2 1 2 B bR AR ) >, BIE S AE )L 3E TBI
(1412 Wt K 100 )5 PEAG 7 1B A7 488 4 1 1 PR N A
5™, RFRGREZ . RFRAE KR, I
5 HIF-1a.. BNIP3. Beclin-1 #3k /K%t 2 & fiF
TBLZWHA — & Im R E . A B Tl AR 55
HETBL, #F— P05 s, e TBI £ L
5 J5 1, 1L HIF-1ae, BNIP3 ., Beclin-1 1 @ 7R~
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BT R A RS, E
A5,

gi b prak, TBLE LML HIF-1a. BNIP3 &
Beclin-1 &3k /K 5 T, H S5 IEREME,
A7 S RO B R R, A I I HIF-1ac,
BNIP3 J Beclin-1 7K V-4 Bl T JL# TBI %95 1% 1 B

HA B0 i i RN

L WUG VAL o SRTI T AT o b i PRI
%Aﬁﬁﬁﬁﬁ@ A i 2 oL B e PRAVT 5 3t

AFREIRHE

HE TR AR K& R TART . 2By
M. XS ; EFR A TA LR ﬁi“ﬁ
Sl B, EAh R TARARE SR
BHERL 5N KIAERT fil‘al"ﬁmuﬁﬁﬂ’l”ﬁi
IT o ERHRIE L R TR S R S

ERFTWERG T 7 RAHIE, mARE.,
MarRFER: FAEEHEARAZF R

(& % X #]
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