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Abstract

Autophagy is the process of partially damaged proteins or organelles in eukaryote cells after being
wrapped in vesicles with a bilayer membrane structure, and then sent to lysosomes for degrada-
tion and recycling. Hypoxic ischemic brain damage (HIBD) in newborns can activate autophagy
through different signaling pathways to give full play to its injury or protective effect, but the spe-
cific mechanism is still unclear. This paper reviews the research progress of autophagy mediated
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neonatal HIBD and provides new ideas for the treatment of HIBD of neonates.
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1. B

TEA BRI A ) LR S B 14 v 45145 (hypoxic ischemic brain damage, HIBD)B2R &2 #72E ) L K iU 2
—, S LR FISE T R E B R R 1], SRAS IR, AU IR, BEE B E— PN, bk
REERE TG, FECGIE LA RGitifh[2]. M EF) HIBD v SECH J1liG . WifE s B, RIS,
CAC TN B hG S I B A, I 0] BE N R AR f5 A R /R 240 B B KUK [1] [3]. H AT AR Y7 2 ME— A
A R0AY7 HIBD 757, {HE R HIBD #i4 )L KE—RIIARE F[4], Bk, FEFMzeH
B AR PR ST IR TR JE B

AS AR FRAX A 22 2R G AR BLAE B (hypoxic ischemic, HI) G2 kKA — RV N, SlEEMHLARIET:,
BFE E W BTAIRAEAE5]. H R MG N IR, B SRS e R A, TR At N2
T R R R (6] BWRZ R I) 8], ISR, el ge Ry thr, Mrlae’aHEM.
Wt oN, f£ HI B3 K RATE T2 HAb B, n edE iiisos B W JF 7€ HIBD Ja RIEM AR 1EM[7], H
I FE ) B sk AR S B A T MR E 2 (8], PR, —2e 2l i f ] B R A R HE R AE
{H F W FL 55 E HIBD WEANBY BOR ORGP 38 2 300 1F - IE A7 A 4, A Rt — Ptk s . AW/ 51 HIBD
TBIT R T T 1A, A EE O AER HIBD YR I7 MERR Y S8
2. BRE#TA

e — Mt B R AR IE S A A B RE, B ES . AWARALERIE K. Ak
1R 55 BRR R A DA K E oA 3 W R B R AN TG A T FE 9] H W5 5218 2 B I AH 5< 3£ [Fl (autophagy-related
genes, ATGs)FIZRIAE /= PiasE, HAMEMKEN 1 Beclin ) FIHREE 3 (LC3)X AWK ECEE
PVER, AR BEWEEESRIC[10]. fEIEF BB T, AE4EREAKE, (22U TAF) %4,
n HI R AR, AL ELRE B AR AN B AR pOERR S — R0 11] [12], 2008 B (S 557 BTG
RIEAER,  FH UL BR 52458 10 B 1 00 R 41 B s 5 4 0 440 i ) AU A A7
3. 5 HIBD 5%k B kkiE R

3.1. PI3K-AKT-mTOR {==iH8&

][l

T 6 Bk UL I -3 - B4 B (phosphoinositide-3-kinase, PI3K)H P/MEALIEIE p110a Al pl1108, 2454k N i
InEr, PI3Ke fE A6V 3 3435 B (I B (protein kinase B, AKT), fHilfi#Lsh¥ 5 1A% % #18 H (mammalian
target of rapamycin, mTOR)¥& Y, H ¥ Unc-51 #£IE 1 (Unc-51-like kinase, ULK) S & 14 2: W& {4 A T
A0 B[ 13] . BAE 5 B ) A0 Y A 2R 1 B FR B AT 5K /7 &5 1 [F)JE 4 (Phosphatase and tensin ho-
mologue deleted on chromosome ten, Pten), 5 HIBD H%[14]. Pten BEWE{H gt ULEE-3,4,5- = IR
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(phosphatidylinositol 3-phosphate, PI3P) £ B 1L J5 B 5 PT PIBK, FEUEIR L AKT 802>, M fe 2t i g
ELAINIE

3.2. PI3K &%

PI3K ()15 AL p85 5 RAS #HIKEEH 5 (RabS)45 &y Ab TR HEIRAS, bk & 4 HI 5 ROS ARk
W%, PBKAMALTEM LS Rabs 456, BUSMMANE: 5—@REFENE5), PBKA WHRE X kGEE
1 O (Forkhead box O, FoxO), fiEZHII EME[11][13][16].

3.3. mTOR B

mTOR EHEFFE A1 mTORC1 (mTOR complex 1)1 mTORC2 (mTOR complex 2). /715 E FH =
B} mTOR F#HI77E W2 R RS, 7T B304 mTORC i1, S8 ULK & & MiGtEsg, JEahgii e
WE[17]. BEAh, AWFFCUESE, mTOR ERERI T FFE 70 kDa A 1 S6 WlE(p70S6K) M HAZ 5 3 K
4E 45 G HEH(4B-BPD), (RHFEERE G AOMIGHE,  Inas 4 A A i 4 40 i B W[ 18] [19] 6

3.4. AMPK & &

— IR IR 25 H B (AMP-activated protein kinase, AMPK) &2k iR ThE I B AL R 2% . TENUR LR
i, ATP KRG, AMP KFTHE, B0 AMPK i&42[20] [21], mTOR &4 AMPK #i], M &G 20
EWE[21]. AW TR, 52140 i N0 S 82 1 Sestrin2 7F HI 5535 1 3Rk, 7] fgidi AMPK-mTOR
e g e, A S E S [22]. Ak, TEALIT AMPK AT EEE R ULKL & A4k, (FH
KA H SRR A, AT flR HBE[23] .

3.5. NN B (Endoplasmic Reticulum Stress, ERS)iB %

2 A Jo AR A 52 BB, v B BT I RR SR T £ T RS 2 AR 47 48 B 1 SR (unfolded  protein
response, URP) [24], URP H = P4 it I RLAE A8 5 XUE RNA ) 2 O A P9 02 I BB (RNAA
dependent protein kinase-like ER kinase, PERK). HJLEZ 5 K1 (inositol requiring enzyme 1, IRE1) Al 1b4%
SKIAF 6 (activating transcription factor 6, ATF6). it W AT IS UPR () =43 3 AN A 7 B 3 B
Wik o

1) PERK-elF20 5 58 #: MHUAGEER, ERS filid &, PERK BRI elF2a, G NS =1 5%
FKHF 4 (activating transcription factor 4, ATF4)FHE SR F 45 & & A YR & H (C/EBP-homologous protein,
CHOP) [ #%5%, F-3 I A WEAH G 8 1 Beclin-1. LC3 Ml p62 [ IE[25], M e 2F 40 i [ Wi . 2)
IRE1a-ASK-JNK 15 5. HI IRA R ERS K4:[26], IREla H SRR IE 24 4 T2 15 54 1 e
(apoptosis signal-regulating kinase, ASK), ZETMEIHE c-Jun 25 K ¥ JE% (c-Jun N-terminal kinase, JNK), 3§
5 ATG7 Fl LC3IL FiAF1 HWRAATE i, AT E#E4H i B E[27]. 3) ATF6 iEi%: ERS iR, ATF6 fiJE
T HH G 2. H I (death-associated protein kinase, DAPK)i&{t,, DAPK Bl Beclinl J-3#id H W[28]; ATF6
I AT I B 0 &R T 82 A 78 (glucose regulated protein78, GRP78)3K A M #li#] AKT. mTOP, A3 H
BE[29].

3.6. ERK B

I LR N A RO (301, — 7 TH, 40 LAME 5 U 1T B (extracellular signal-regulated kinase,
ERK) B2 16 Jo 16 45 5 MEAE AL RE R T 2 (tuberous sclerosis complex2, TSC2)i% 1%, mTOR 14 52 F#) ,
AT RS E 3]s 9 — 5 &AL ERK BEEE3E B W bs 1o i RIS 4h E W [32]
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4. BEEST 58 HIBD j&J7T
4.1. KB ERYATT

4.1.1. £ E&(Sevoflurane)

GBI IS L3 26 ) L i P A BRI, T SR Ak o S BRAIE S, 4% HIBD B A KRB AL E T 2.5%
LRBEZE S 30 7080, HI SEIRRE T E R, HAK S A2 68 77 2% [33]. Wang F5[31]K
PGS AT L@ 5% ERK. mTOR. p70S6 KA FEFF(K TSC2 Ki&, M55 B Wil & (Beclinl 1 LC3)
(R IE TR B R AN W . Xue SF[341HFFE AN, HI $4% 5 H W SBT3 K1 zeste [RIVEY) 2 M58+
(enhancer of zeste homolog 2, Ezh2) [35] [36]+ Akt. mTOR 7K-F-F4{% H. Pten 7KV F-%55, 1Mi-Go Bk 3 5 o]
Wi PR R EAR , AT HE R -G R AE B I AE Ezh2 R IAZ: Pten/Akt/mTOR {755 38 2% 00 1] 15 e She ok 2 fii 453
. A A R, -LHEAE BT IRE1-INK-beclinl {55 ZLAM 1 Py 5 N RN 10 B W R FEAE R [37]
A b 34900 B -G Uk 5 A 2R e e I 1R T E W HIBD B A K B &8 R o

4.12. RAEMUFIR

WHARN, WY EAT Z MRS TR, AR IRE RN AR T R A
FRFEE[38] [39]. IT4ESR, TEHIEJL HIBD [yAY7 R DL AR 71 B W R R EH . K&
(Chrysophanol, CP)fgit TR, RHFEEENS 2 —, BTERXEMH—F, SR Eh
FALRI . AR IR S ThAE[19]. Bing Z5[40]WF 78 2or, [ HIBD AR K B i i s thyE 4 CP,
Al AR HI 51 Beclinl« LC3IT 2 /K FHIFF AT P62 FIFRAK, Wi KRN EKE, i 7 Has
$i5; FIRT#E—0PRE T CP 2l mTOR/p70S6K {5 5@ B4l F W RIEAEFH « & 2 R 2 T M AT A&
BAEIEH IR, ERT ROKEE[4 1] SEEe rh O B REE o #0115 R /D> HIBD B AE K B ) I A SR TR
B LA 12 S RHE L ThRE . 28R R S [42] R BI/K SR (I B AUA AR 45 ) HR R B PR R R R A ) HT 33K
(2 it BE E W B R E T . BRIk, MCRIRAEMIAL &4 b T4 2053 15 B W RT BE BORA
J7 HIBD [¥)—Fi I g £ 10 77 v

4.13. HEBK

HEMREMRARW P REZEN, |ZAETT2EMSTh. TFaRW, HERTUTEE. &
PRSI 22 FOAL 2% BEAE Y I IR AP W LAR S S 345 [43], FR05 FISRORA 2R Rk [44] . Cai ZF[45]0F 50K, MRIEE
S H SR T 3 ek HIBD 58 A KBRS F i 453 49 1 FRAIK T 2R kA4 D g 5 1 (Bnip3 .+ parkin. PINK1)A1H
WEARicd) LC3 /KFs E45 T B R HIHI FIM AR R A (CsA)fE, St 5 HERE MR, it
F AMPK 3@ % 5 FI(AICAR), ZRERE iR, KA H R EE N AMPK @A R 55 28 ki f4
SR E WM TIRE HI BT 285140 .

4.1.4. T4

T EFFESHSMEEMBAREAEY IR, PFRERH, B8 72 )% 5 5 40 i (mesenchymal
stromal cells, MSC)F£ X} HIBD E A & R4 EH[46] [47]. Yang Z5[48]&K B MSC #AH J5 HIBD ¥4k
SN B RS A3 B k3, [RIEEAT M S o ) Beclinl A LC3-T1 RIE /KT 535 BRAK, W] E W2 B0 5
UEANRIL AMPK £ (R IE/KTFEEEI, mTOR & ARIEK T BERRC, 1 H A4 & JL)-6 i
F(SiIL-6)J5 bl e AR b 4% o H EAIESE MSC 43 ¥A 1 TL-6 AT ik AMPK/mTOR 15 5 il B4 il #1420
W SRARY P22 (48]0 SRR 22 FRRIE 4G 2R 0, B BB 190 70 440 Bt i 453 5 (¥ T e Pk 52 B A s K ey T AR
[47].

DOI: 10.12677/acm.2022.126834 5768 I IR = =23t e


https://doi.org/10.12677/acm.2022.126834

AR 5

4.2. (R BERIETT

4.2.1. FEHLAIT(Simvastatin, Sim)

Sim J& TAVTRZW, & T B U AE 2 R i . B FLR B, FERR IR AT 45 T VT 282454
TRALFE RE AL B AR FI[49]. SERG R, £ HI 5535 A= K BT 10 K B4 U =2 V5 5 Sim AL FE =
AL HIGS HI 58U E o 4 [F I AR BE F A% & . Beclinl 1 LC3 R 3 98 [50]. YIRS B
FEF 1 (silent information regulator 1, SIRT1)7E H B e B ER[S51], AT PLEE £ 2Bk 5 AR
H ATGS. ATG7 F1 LC3 K520 H MEAARTE B, FE )28 i 0E AMPK A1) mTOR 715 H Wi[52]. Carloni
SE[S01HESE T Sim AL AT LI 58 HI24 /NS mTORC1 3P FE B mTORC2 5%, [FIN {8 SIRT1 %
ik, =R AW, A2 oA .

4.2.2. BFELBZ B (Macamide B)

R RE B $EHCT R R BT LUK I — Fh e RHE ) —— 3R, RN SR IS R BERL B BE
i T B R A ASET[23]. Yang SE[S3I0F TR, fE HL %S HE KR AT T3 -RE% B i
AbFE 5 ReiE IS PI3K-AKT {5 5 B AR 2 [ W R Sk 2 g I R SE AN /K i o 35X —BIF 8 SE g iE 1 RARE)
WAIRYT HIBD 1 7).

4.3. BEE&TT

4.3.1. UM ZFERZER (microRNAs, miRNAs)

miRNAs & —KPNIEMHEIESRS/N RNA 701, FEHHXH 8 22 50100 3 A 238 1 b R 7 8 AR H [ 54]
[55]. ALK, £ HI 30 miR-127-3p FA R (KO-miR-127-3p)i) SD K, KEME T T
BRI I H B WA SSE (P62 ATG12. Beclin-1 A1 LC3IN)f 2 TA /K- 5 3% PR, 5 %L IE % i) HIBD
AR R A R I, T B S<EE 4T CISD1 (CDGSH iron-sulfur domain-containing protein 1)3151/5)
(si-CISD1)J5, miR-127-3p &Kl 5 B = A8 BR3P VR FH A BR[56].  Zhao Z5[57] 3 HIBD A K B Y
] miR-30d-5p FIAFFK, BIEFRICHREIE M, 76 HI 75 30145 T miR-30d-5p #li#l7f(antagomir, AT),
AHRARAL S ERAH ], R B 2 U0 ZE AR I S8 k2> 1 HLHC 23 [R) 2 3D g T T s, T8 HI i35 SRl
257 miR-30d-5p ¥#3hF)(agomir, AG)HIL 5 Z A A . MIMAF H 4518, miR-30d-5pAT Al 38 5% 5
WA HI S B . SCIRUER, miR-127-3p Al miR-30d-5p AJ fE2 1597 HIBD KT AESE 5 .

4.3.2. K4E4RHS RNA (Long Non-Coding RNA, LncRNAs)

LncRNAs /&2 —2RKELE 200-100000 MZIFRZ [ 1) RNA 7. BFAIESE, JiER LncRNAs A K45
FiF S 5 (growth arrest-specific 5, GASS)JEK AT %F HIBD B4z ) L & ry /E FH[58]. Fu &5[59]/ 556
RIAE HI 9553 K B it FH 3808 45 W B M98 72 3¢ 223K (colorectal neoplasia differentially expressed,
CRNDE) shRNA (#7275 8 (LV-sh-CRNDE) !} ¥l 5 B4l HIBD i 2E KB —FF 1945 R(LncRNA-CRNDE £iA
AKFATE AR ) R K 2 T ), I ELU AT DOWLSE 380 i ZH 2URE SR AR oA R AR B 3 b,
It CRNDE n] GEid it {2 2k Bk 97 HIBD.  LL_EWF 5T N TRTT HIBD #2448 7 E S 05,

5. INERRER

124 A1k, K FiH R TT HIBD (977202 WARIR AT, (B T AR VAT A E S BRILS 6
h A SEGtE, BEININZEZAC A FE, TP EE HIBD #iE ) LRZ HUS AN R[60]. BIt, BFFA & IETHRE AT
%, DORIE 244 R0tia) T HIBD. I8k, B WS T 19 HIBD ¥697 OB LRI 7). AR SRS
RIS, BWRSE B R SRR 4R AR ST L 8, X T ERADIRE TR LE K. (HE R
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HIBD A AR I IHLE AR S8 22 B, XS T u O E A, A Rt — PRIt —23R)7 TR
FESER R UG R RR, SEIGUE SEH REE B A R sh 2 Ry EH], EEUaR 5 21T EE ), (Hixek

EREEI D/ BEi TN

AL 7 KR AR, PP HA RSN AR . £, IR TN A RE A B I e 2
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S5 3k

(1]

(2]
(3]

(4]

(3]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Piesova, M. and Mach, M. (2020) Impact of Perinatal Hypoxia on the Developing Brain. Physiological Research, 69,
199-213. https://doi.org/10.33549/physiolres.934198

BLIEGE, A, Ak JLBVESR IS A AR I R ()], KRB R TR, 2019, 7(1): 19-23.

Piesova, M., Koprdova, M., Ujhazy, E., et al. (2020) Impact of Prenatal Hypoxia on the Development and Behavior of
the Rat Offspring. Physiological Research, 69, S649-S659. https://doi.org/10.33549/physiolres.934614

Nair, J. and Kumar, V.H.S. (2018) Current and Emerging Therapies in the Management of Hypoxic Ischemic Ence-
phalopathy in Neonates. Children, 5, Article No. 99. https://doi.org/10.3390/children5070099

Qu, Y., Shi, J., Tang, Y., et al. (2016) MLKL Inhibition Attenuates Hypoxia-Ischemia Induced Neuronal Damage in
Developing Brain. Experimental Neurology, 279, 223-231. https://doi.org/10.1016/j.expneurol.2016.03.011

Levy, JM.M., Towers, C.G. and Thorburn, A. (2017) Targeting Autophagy in Cancer. Nature Reviews Cancer, 17,
528-542. https://doi.org/10.1038/nrc.2017.53
SRR, ERIHE. AN RS R R I A (R SRR (D). B BE 25 4R, 2019, 16(35): 40-43.

Wu, B., Tan, M., Cai, W., et al. (2018) Arsenic Trioxide Induces Autophagic Cell Death in Osteosarcoma Cells via the
ROS-TFEB Signaling Pathway. Biochemical and Biophysical Research Communications, 496, 167-175.
https://doi.org/10.1016/j.bbrc.2018.01.018

Li, X., He, S. and Ma, B. (2020) Autophagy and Autophagy-Related Proteins in Cancer. Molecular Cancer, 19, Article
No. 12. https://doi.org/10.1186/s12943-020-1138-4

Zhu, Q. and Lin, F. (2016) Molecular Markers of Autophagy. Acta Pharmaceutica Sinica, 51, 33-38.

Shin, H.J., Kwon, H.K., Lee, J.H., et al. (2016) Etoposide Induced Cytotoxicity Mediated by ROS and ERK in Human
Kidney Proximal Tubule Cells. Scientific Reports, 6, Article No. 34064. https://doi.org/10.1038/srep34064

Guo, Q.Q., Wang, S.S., Zhang, S.S., et al. (2020) ATM-CHK2-Beclin 1 Axis Promotes Autophagy to Maintain ROS
Homeostasis under Oxidative Stress. EMBO Journal, 39, e103111. https://doi.org/10.15252/embj.2019103111

ek, BR, mKZE, fREf. PBK/AKT/mTOR 155l B IR0 M B W AR B P T Tk (0], (L R B 24,
2021, 61(27): 102-105.

Qu, L., Gao, Y., Sun, H., et al. (2016) Role of PTEN-Akt-CREB Signaling Pathway in Nervous System Impairment of
Rats with Chronic Arsenite Exposure. Biological Trace Element Research, 170, 366-372.
https://doi.org/10.1007/s12011-015-0478-1

Liu, W.W., Xu, L., Wang, X., ef al. (2021) PRDX1 Activates Autophagy via the PTEN-AKT Signaling Pathway to
Protect against Cisplatin-Induced Spiral Ganglion Neuron Damage. Autophagy, 17, 4159-4181.
https://doi.org/10.1080/15548627.2021.1905466

Singh, P., Dar, M.S. and Dar, M.J. (2016) P110a and P110p Isoforms of PI3K Signaling: Are They Two Sides of the
Same Coin? FEBS Letters, 590, 3071-3082. https://doi.org/10.1002/1873-3468.12377

Shi, B., Ma, M., Zheng Y, et al. (2019) mTOR and Beclinl: Two Key Autophagy-Related Molecules and Their Roles
in Myocardial Ischemia/Reperfusion Injury. Journal of Cellular Physiology, 234, 12562-12568.
https://doi.org/10.1002/jcp.28125

TR, ZEE Ve mTOR 5 S IHES 5 BWE. JAT- Z A AT ELR R[] BUCEE2:, 2015, 43(6): 801-804.

BARME, Elntt, RO, KBUE, KE ST, 2OB0E. RS 25 BRI BT S Bk R [I]. AR EEZG AR T, 2021,
39(12): 66-69.

Kim, A.S., Miller, E.J., Wright, T.M., et al. (2011) A Small Molecule AMPK Activator Protects the Heart against
Ischemia-Reperfusion Injury. Journal of Molecular and Cellular Cardiology, 51, 24-32.
https://doi.org/10.1016/j.yjmcc.2011.03.003

Yang, Z. and Klionsky, D.J. (2010) Mammalian Autophagy: Core Molecular Machinery and Signaling Regulation.
Current Opinion in Cell Biology, 22, 124-131. https://doi.org/10.1016/j.ceb.2009.11.014

RO, R4, . Sestrin2 25 M2 AE B s S L R i 453 07 5 A0 B REALARIL]. AR A ghilm R 2 A

DOI: 10.12677/acm.2022.126834 5770 I IR = =23t e


https://doi.org/10.12677/acm.2022.126834
https://doi.org/10.33549/physiolres.934198
https://doi.org/10.33549/physiolres.934614
https://doi.org/10.3390/children5070099
https://doi.org/10.1016/j.expneurol.2016.03.011
https://doi.org/10.1038/nrc.2017.53
https://doi.org/10.1016/j.bbrc.2018.01.018
https://doi.org/10.1186/s12943-020-1138-4
https://doi.org/10.1038/srep34064
https://doi.org/10.15252/embj.2019103111
https://doi.org/10.1007/s12011-015-0478-1
https://doi.org/10.1080/15548627.2021.1905466
https://doi.org/10.1002/1873-3468.12377
https://doi.org/10.1002/jcp.28125
https://doi.org/10.1016/j.yjmcc.2011.03.003
https://doi.org/10.1016/j.ceb.2009.11.014

AR 5

[27]

[28]

[29]

[32]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

(FETHR), 2020, 16(1): 32-41.
Thapa, K., Singh, T.G. and Kaur, A. (2021) Cyclic Nucleotide Phosphodiesterase Inhibition as a Potential Therapeutic

Target in Renal Ischemia Reperfusion Injury. Life Sciences, 282, Article ID: 119843.
https://doi.org/10.1016/j.1fs.2021.119843

Smith, M. and Wilkinson, S. (2017) ER Homeostasis and Autophagy. Essays in Biochemistry, 61, 625-635.
https://doi.org/10.1042/EBC20170092

B’Chir, W., Maurin, A.C., Carraro, V., ef al. (2013) The elF2a/ATF4 Pathway Is Essential for Stress-Induced Auto-
phagy Gene Expression. Nucleic Acids Research, 41, 7683-7699. https://doi.org/10.1093/nar/gkt563

Koike, M., Shibata, M., Tadakoshi, M., et al. (2008) Inhibition of Autophagy Prevents Hippocampal Pyramidal Neuron

Death after Hypoxic-Ischemic Injury. The American Journal of Pathology, 172, 454-4609.
https://doi.org/10.2353/ajpath.2008.070876

TRAG, VPSR, MRS, B, BB, 2T RN S A E R OSR]I AR AR, 2020, 42(8):
1489-1500.

Cai, Y., Arikkath, J., Yang, L., et al. (2016) Interplay of Endoplasmic Reticulum Stress and Autophagy in Neurodege-
nerative Disorders. Autophagy, 12, 225-244. https://doi.org/10.1080/15548627.2015.1121360

Qin, L., Wang, Z., Tao, L., et al. (2010) ER Stress Negatively Regulates AKT/TSC/mTOR Pathway to Enhance Auto-
phagy. Autophagy, 6, 239-247. https://doi.org/10.4161/aut0.6.2.11062

T, 5KiFiF. Ras/Raf/MEK/ERK {5 5iEES 5 B REE AT A ED]. P EZRKZEZEmR, 2017, 48(1):
110-116.

Wang, S., Xue, H., Xu, Y., et al. (2019) Sevoflurane Postconditioning Inhibits Autophagy through Activation of the

Extracellular Signal-Regulated Kinase Cascade, Alleviating Hypoxic-Ischemic Brain Injury in Neonatal Rats. Neuro-
chemical Research, 44, 347-356. https://doi.org/10.1007/s11064-018-2682-9

Kim, J.H., Hong, S.K., Wu, P.K,, ef al. (2014) Raf/MEK/ERK Can Regulate Cellular Levels of LC3B and SQSTM1/p62 at
Expression Levels. Experimental Cell Research, 327, 340-352. https://doi.org/10.1016/j.yexcr.2014.08.001

Lai, Z., Zhang, L., Su, J., et al. (2016) Sevoflurane Postconditioning Improves Long-Term Learning and Memory of
Neonatal Hypoxia-Ischemia Brain Damage Rats via the PI3K/Akt-MPTP Pathway. Brain Research, 1630, 25-37.
https://doi.org/10.1016/j.brainres.2015.10.050

Xue, H., Xu, Y., Wang, S., et al. (2019) Sevoflurane Post-Conditioning Alleviates Neonatal Rat Hypoxic-Ischemic
Cerebral Injury via Ezh2-Regulated Autophagy. Drug Design, Development and Therapy, 13, 1691-1706.
https://doi.org/10.2147/DDDT.S197325

Henriquez, B., Bustos, F.J., Aguilar, R., ef al. (2013) Ezh1 and Ezh2 Differentially Regulate PSD-95 Gene Transcrip-
tion in Developing Hippocampal Neurons. Molecular and Cellular Neuroscience, 57, 130-143.
https://doi.org/10.1016/j.mcn.2013.07.012

Zemke, M., Draganova, K., Klug, A., et al. (2015) Loss of Ezh2 Promotes a Midbrain-to-Forebrain Identity Switch by
Direct Gene Derepression and Wnt-Dependent Regulation. BMC Biology, 13, Article No. 103.
https://doi.org/10.1186/s12915-015-0210-9

Niu, J., Wu, Z., Xue, H., ef al. (2021) Sevoflurane Post-Conditioning Alleviated Hypoxic-Ischemic Brain Injury in
Neonatal Rats by Inhibiting Endoplasmic Reticulum Stress-Mediated Autophagy via IRE1 Signalings. Neurochemistry
International, 150, Article ID: 105198. https://doi.org/10.1016/j.neuint.2021.105198

Sun, L.R., Zhou, W., Zhang, HM., et al. (2019) Modulation of Multiple Signaling Pathways of the Plant-Derived Nat-
ural Products in Cancer. Frontiers in Oncology, 9, Article No. 1153. https://doi.org/10.3389/fonc.2019.01153

Braicu, C., Mehterov, N., Vladimirov, B., et al. (2017) Nutrigenomics in Cancer: Revisiting the Effects of Natural
Compounds. Seminars in Cancer Biology, 46, 84-106. https://doi.org/10.1016/j.semcancer.2017.06.011

Bing, X., Wang, Y., Zhao, S., et al. (2019) Chrysophanol Inhibits Autophagy to Improve Brain Histopathological

Damage and Inflammatory Response in Neonatal Rats with Hypoxic-Ischemic Brain Injury. Chinese Journal of Im-
munology, 35, 3015-3220.

FFEK, FEoCiE, BT, MR, BhERdE, M5k, &= 2@ ik B W R PINKI {5 530 2% o 5 A2 K BRI AL B
AR50 55 R SNE[T]. S5 AR B 2% 35, 2021, 29(8): 463-469.

BIRE, MIE, KK, ARA, SMI, PR, & SREREL A 8 WRAE FH R B S s i v i 543 (]
b R ER AR BE 24 3K, 2019, 35(2): 311-319.

Petrat, F., Boengler, K., Schulz, R., ef al. (2012) Glycine, A Simple Physiological Compound Protecting by Yet Puz-

zling Mechanism(s) against Ischaemia-Reperfusion Injury: Current Knowledge. British Journal of Pharmacology, 165,
2059-2072. https://doi.org/10.1111/j.1476-5381.2011.01711.x

DOI: 10.12677/acm.2022.126834 5771 I IR = =23t e


https://doi.org/10.12677/acm.2022.126834
https://doi.org/10.1016/j.lfs.2021.119843
https://doi.org/10.1042/EBC20170092
https://doi.org/10.1093/nar/gkt563
https://doi.org/10.2353/ajpath.2008.070876
https://doi.org/10.1080/15548627.2015.1121360
https://doi.org/10.4161/auto.6.2.11062
https://doi.org/10.1007/s11064-018-2682-9
https://doi.org/10.1016/j.yexcr.2014.08.001
https://doi.org/10.1016/j.brainres.2015.10.050
https://doi.org/10.2147/DDDT.S197325
https://doi.org/10.1016/j.mcn.2013.07.012
https://doi.org/10.1186/s12915-015-0210-9
https://doi.org/10.1016/j.neuint.2021.105198
https://doi.org/10.3389/fonc.2019.01153
https://doi.org/10.1016/j.semcancer.2017.06.011
https://doi.org/10.1111/j.1476-5381.2011.01711.x

AR 5

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[54]

[53]

[56]

[57]

(58]

[59]

Heidari, R., Ghanbarinejad, V., Mohammadi, H., ef al. (2018) Mitochondria Protection as a Mechanism Underlying the
Hepatoprotective Effects of Glycine in Cholestatic Mice. Biomedicine & Pharmacotherapy, 97, 1086-1095.
https://doi.org/10.1016/j.biopha.2017.10.166

Cai, C.C., Zhu, J.H.,, Ye, L.X., et al. (2019) Glycine Protects against Hypoxic-Ischemic Brain Injury by Regulating
Mitochondria-Mediated Autophagy via the AMPK Pathway. Oxidative Medicine and Cellular Longevity, 2019, Article
ID: 4248529. https://doi.org/10.1155/2019/4248529

Phillips, A.W., Johnston, M.V. and Fatemi, A. (2013) the Potential for Cell- Based Therapy in Perinatal Brain Injuries.
Translational Stroke Research, 4, 137-148. https://doi.org/10.1007/s12975-013-0254-5

Gu, Y., He, M., Zhou, X., et al. (2016) Endogenous IL-6 of Mesenchymal Stem Cell Improves Behavioral Outcome of
Hypoxic-Ischemic Brain Damage Neonatal Rats by Supressing Apoptosis in Astrocyte. Scientific Reports, 6, Article
No. 18587. https://doi.org/10.1038/srep18587

Yang, M., Sun, W., Xiao, L., et al. (2020) Mesenchymal Stromal Cells Suppress Hippocampal Neuron Autophagy
Stress Induced by Hypoxic-Ischemic Brain Damage: The Possible Role of Endogenous IL-6 Secretion. Neural Plastic-
ity, 2020, Article ID: 8822579. https://doi.org/10.1155/2020/8822579

Saeedi Saravi, S.S., Saeedi Saravi, S.S., Arefidoust, A., et al. (2017) The Beneficial Effects of HMG-CoA Reductase
Inhibitors in the Processes of Neurodegeneration. Metabolic Brain Disease, 32, 949-965.
https://doi.org/10.1007/s11011-017-0021-5

Carloni, S. and Balduini, W. (2020) Simvastatin Preconditioning Confers Neuroprotection against Hypoxia-Ischemia
Induced Brain Damage in Neonatal Rats via Autophagy and Silent Information Regulator 1 (SIRT1) Activation. Expe-
rimental Neurology, 324, Article ID: 113117. https://doi.org/10.1016/j.expneurol.2019.113117

Liu, T., Ma, X., Ouyang, T., et al. (2018) SIRT1 Reverses Senescence via Enhancing Autophagy and Attenuates Oxid-
ative Stress-Induced Apoptosis through Promoting P53 Degradation. International Journal of Biological Macromole-
cules, 117, 225-234. https://doi.org/10.1016/.ijbiomac.2018.05.174

Ghosh, H.S., Mcburney, M. and Robbins, P.D. (2010) SIRT1 Negatively Regulates the Mammalian Target of Rapa-
mycin. PLOS ONE, 5, €9199. https://doi.org/10.1371/journal.pone.0009199

Yang, X., Wang, M., Zhou, Q., et al. (2022) Macamide B Pretreatment Attenuates Neonatal Hypoxic-Ischemic Brain
Damage of Mice Induced Apoptosis and Regulates Autophagy via the PI3K/AKT Signaling Pathway. Molecular Neu-
robiology, 59, 2776-2798. https://doi.org/10.1007/s12035-022-02751-4

Bhalala, O.G., Srikanth, M. and Kessler, J.A. (2013) The Emerging Roles of MicroRNAs in CNS Injuries. Nature Re-
views Neurology, 9, 328-339. https://doi.org/10.1038/nrneurol.2013.67

Wen, W., Mai, S.J., Lin, H.X., ef al. (2019) Identification of Two MicroRNA Signatures in Whole Blood as Novel
Biomarkers for Diagnosis of Nasopharyngeal Carcinoma. Journal of Translational Medicine, 17, Article No. 186.
https://doi.org/10.1186/s12967-019-1923-2

Zhang, Z.B., Xiong, L.L., Xue, L.L., ef al. (2021) miR-127-3p Targeting CISD1 Regulates Autophagy in Hypox-
ic-Ischemic Cortex. Cell Death & Disease, 12, Article No. 279. https://doi.org/10.1038/s41419-021-03541-x

Zhao, F., Qu, Y., Zhu, J., et al. (2017) miR-30d-5p Plays an Important Role in Autophagy and Apoptosis in Develop-
ing Rat Brains after Hypoxic-Ischemic Injury. Journal of Neuropathology & Experimental Neurology, 76, 709-719.
https://doi.org/10.1093/jnen/nlx052

Zhao, R.B., Zhu, L.H., Shu, J.P., et al. (2018) GASS5 Silencing Protects against Hypoxia/Ischemia-Induced Neonatal
Brain Injury. Biochemical and Biophysical Research Communications, 497, 285-291.
https://doi.org/10.1016/1.bbrc.2018.02.070

Fu, C.H,, Lai, F.F., Chen, S., et al. (2020) Silencing of Long Non-Coding RNA CRNDE Promotes Autophagy and Al-
leviates Neonatal Hypoxic-Ischemic Brain Damage in Rats. Molecular and Cellular Biochemistry, 472, 1-8.
https://doi.org/10.1007/s11010-020-03754-2

Cui, D., Sun, D., Wang, X, ef al. (2017) Impaired Autophagosome Clearance Contributes to Neuronal Death in a Pig-
let Model of Neonatal Hypoxic-Ischemic Encephalopathy. Cell Death & Disease, 8, €2919.
https://doi.org/10.1038/cddis.2017.318

DOI: 10.12677/acm.2022.126834 5772 I IR = =23t e


https://doi.org/10.12677/acm.2022.126834
https://doi.org/10.1016/j.biopha.2017.10.166
https://doi.org/10.1155/2019/4248529
https://doi.org/10.1007/s12975-013-0254-5
https://doi.org/10.1038/srep18587
https://doi.org/10.1155/2020/8822579
https://doi.org/10.1007/s11011-017-0021-5
https://doi.org/10.1016/j.expneurol.2019.113117
https://doi.org/10.1016/j.ijbiomac.2018.05.174
https://doi.org/10.1371/journal.pone.0009199
https://doi.org/10.1007/s12035-022-02751-4
https://doi.org/10.1038/nrneurol.2013.67
https://doi.org/10.1186/s12967-019-1923-2
https://doi.org/10.1038/s41419-021-03541-x
https://doi.org/10.1093/jnen/nlx052
https://doi.org/10.1016/j.bbrc.2018.02.070
https://doi.org/10.1007/s11010-020-03754-2
https://doi.org/10.1038/cddis.2017.318

	自噬介导的新生儿缺氧缺血性脑损伤治疗进展
	摘  要
	关键词
	Progress in the Treatment of Autophagy Mediated Neonatal Hypoxic Ischemic Brain Damage
	Abstract
	Keywords
	1. 前言
	2. 自噬概述
	3. 与HIBD相关的自噬通路
	3.1. PI3K-AKT-mTOR信号通路 
	3.2. PI3K通路
	3.3. mTOR通路
	3.4. AMPK通路
	3.5. 内质网应激(Endoplasmic Reticulum Stress, ERS)通路
	3.6. ERK级联

	4. 自噬介导的HIBD治疗
	4.1. 抑制自噬的治疗
	4.1.1. 七氟醚(Sevoflurane)
	4.1.2. 天然植物化学物质
	4.1.3. 甘氨酸
	4.1.4. 干细胞

	4.2. 促进自噬的治疗
	4.2.1. 辛伐他汀(Simvastatin, Sim)
	4.2.2. 玛卡酰胺B (Macamide B)

	4.3. 基因治疗 
	4.3.1. 微小核糖核酸(microRNAs, miRNAs)
	4.3.2. 长非编码RNA (Long Non-Coding RNA, LncRNAs)


	5. 小结及展望
	参考文献

