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FE  #74 )L A bk do I 9% (hypoxic-ischemic encephalopathy, HIE) &1 B 4 #14k 8 % & f=dk
g, R A IR T B MAF AN R L F 400 TR B . HIEG) R A K H BT 5 w@ie
B % EAG 9 BIELR L. TAKIR S JF (therapeutic hypothermia, TH)4E A HIE#) 47 £ 77 %, 7T A 5L
MARIL = F Ao ™ TRV 2K B RO, A, THS G T EH2L T RANLAFNIKE. if
ok, T 4mfeu(stem cells, SCs) & HAT 4 49 91 b 4R (exosomes, Exos)ZEHIE S 57 AR &I E K77,
12 HAE R AUH BONE K6 I7 77 5 IR A . 1 X8 42 S 5k SCs A Exos £ HIE 77 F 69 FF it &,
FARITHAE 0976 97 Fok, VAR A HIEE )L 16 K06 77 4R AEH7 B34,
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Research Progress of Stem Cells and Exosomes

in Neonatal Hypoxic-Ischemic Encephalopathy
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Abstract Neonatal HIE (hypoxic-ischemic encephalopathy) results from perinatal hypoxia, asphyxia,
and ischemia, and is the main cause of neonatal death and persistent neurodevelopmental defects. The patho-
physiological mechanisms of HIE involve multiple molecular and cellular damage processes. As the standard
treatment for HIE, TH (therapeutic hypothermia) can effectively reduce mortality and the risk of severe neuro-
developmental disorders. However, the incidence of severe neurodevelopmental disorders after TH treatment
is still high. In recent years, SCs (stem cells) and their derived Exos (exosomes) have shown great potential
in HIE treatment research, but their mechanism of action and optimal treatment regimen still need further ex-
ploration. This article aims to review the research progress of SCs and Exos in the treatment of HIE in recent
years, and explore potential therapeutic strategies, in order to provide new ideas for the clinical treatment of
children with HIE.
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Gk -

AR ) LR S SR A% B 95 (hypoxic-ischemic en-
cephalopathy, HIE) & —# BT ) LEGH 4= ) LI i 4
A BRI (hypoxic-ischemic, HI) 'S 24 R Gk
e, FERALERAE RN, H 3 BRI K M,
JO T B R A oG = B S o A ek DX T s
AT AR BTSSP HIB YA e iy, JUHAE R =)L
AU H AR AR LA 58 98 WL, BRI 28 294 5%,
20%~25% ) BB LFEBTAE ) LIBE TS, A7 Hh 25% 47
TER A A R G5 B B HIE 15 242 B3 F23
JAEACRIR . R R LA E TP T8 2 NI,
WAKIRIE JT (therapeutic hypothermia, TH) H fif /& HIE
PR eI PRIG YT T B, (BT RCA B, JUILAE 2
HIEE LR AEERIVEF 6 7 B B ek, fdE
WA (R AE R R A AR R IR ST
BT TR T — e, (HRE . R sz 4
Kt R B IR 2 FhOF RIET RS B Jdg . +
ZH Ml (stem cells, SCs) & HATA [P FM A (exosomes,
Exos)VEA—M# M IGEIT F B, fE— 2757 JLEk
I, WIRFEME N Gl 7 SCRE R E A RS,
PRI LS A0 fi 2 P S I OV g R A T RO
FRSRIR 22 [ BF FEE S, SCs ) ExosfE HIEVRYT H B AT
WER M M. SR, B §THAE HIEH (1) B AR AR
FABLE A 58 A B, 1897 77 B i — 2k
P45 B A% 25 SCs K& ExostE HIEYA YT H 1) 55 57
FUERE , FEERH AR T S, DA HIER VR Y7 3¢
HEHT ) LB AN 7 1]

1 TF4HRE(SCs)Fnsh R (Exos)
L1 SCsHITEREMFINEE

TR — KR A, A BT
K2 m s AT RE M de HORIE W 43 - MG T4
Jitl (embryonic stem cells, ESCs). A& T-41 i (adult
stem cells, ASCs) ¢ 15 5 £ fg 141 Jfl(induced pluripo-
tent stem cells, iPSCs)!"?,

H AT A LB I R B 7 5 1) 3 222 ASCs
W28 0 (A1 78 5T 41 il (mesenchymal stem cells,
MSCs), X0 E A 2 P ae i B4, PR S
JER AR BE RF) S 5 R 5 DR, A8 H o A T R S A
FAE . PO PR MSCs B A 58 K 4T 28 Fl fo g%
fIHIER, P s NRKNEA LB E 5Ea6E7.
A Z N, ESCsB & KA e fi s, 1 HiL A7 1E
M B, iPSCsI B AT 1 AL AR E 1, AR HE S B A

FEHCH THEFEM, SCsFx 385 K AL D RESE, &
BAEPR . Prani TR, X LR {15 SCsTE
HAUEE | FAER S ARIaTT T BA E AN E,
1.2 ExosBYE X REFINEE

I A Zh FE Y (extracellular vesicles, EVs)& FH4H
M43 s ) — 28 B A B IR R4 1 2 5 ) 1R 490 K 4%
Wi, EAM R T 25 B AR A DS 45 k45
HEAERH ", ExosZMM /M EE A 2 —
BA MBI E 2R AT RE . E 2 —RERE
40~160 nm(“F-¥4%1 100 nm) ) AE W2 FE30, @it R
JESTRT 2 22 P [ T B 2 B4R, Bl S 5 4 Pt i 5
BB AE . Exos) LF- AT LA HI BT A 2R ALK 41 i 4>
W, WEEFENEYETED T, AFEDNA. RNA.
AE I AR L R o 53 A4 i 2% T 2 (A 25, X sy
THeE IS ExosfE4H AL A5 B, % 52 A2
A7 D Rel e

Exos ' A 24 i [ 388 T 25 B2 A0 o, /E 2 Fh A
Fs B R R HE SRR ), 4 4 M R
TIEWNT . HLABEESHA, ERizEHSRN. 245
WikiREThEE ", ExosHHER T HEMA4I R A £ &
MFh s A e i 1t 2 25 PR, HonTd i s it — 20
AR F BEANEE R e e . b AN, ARMIMALES
URORAF I RE B R RIS 12, RTINS HRE 1 A8 3 i
VEAREBR 1 DA S B8 M XU 1Y, 3 e 4 15 Exos7E
F ) LBR R T AU R B BRI 71, O R
A S R TTRIE ) .

2 HIEEYE A4

HIE ) & AN & — R AV B, A4
FALN. AN Ca> B BRADRERRRS . 48
JH M 5 1 A A RE I e S5 U0 HIE B R AR AR 41 s 7
BERE EE I N =AM B

Sl ML SR SRR AR S T 67N o LG B 3 AR I
U R B LR e D G 2H 2R S SRR I . A
R A A N TICA . =R IR (adenosine tri-
phosphate, ATP) (1] 4= 42 . 2 [ ATPAE AN 2,
FEH(Na"/K*-ATPHg Dy ReFErT, 2 M i1 LAz 2%
Ca AT ML 240, A MM Na's Ca> K Rt
&, 51 R ALK B TR

S A R AE S I 68 727N . RV EL, BT 4
JEESTAT LA A, PR O AL T T BARTIRES, &
TR PEE A IR FT LA Y 1 1 22 S AE AR B AR TS
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FW, FE AR Z AT B RIIT 51 &K Na' Fl Ca** i3
NI, R P E ARG, 525K &
LRAR D) RERRAG P, 2Rk iR D RelEmG it — P Ml 5568
AL, AL N OZET S B, AR YRR T
=, A M T

R L ER S 727N o 350 0 #4220 B 4 )5
B WIETEEE L, HNIEEEE R AR, H
IR 20 B S R T R o 4 M BG A= R TROR B R
U IR R AL A T -a(tumor necrosis factor o, TNF-a)+
F 41 % -1B(interleukin 1B, TL-1B)HI A 40 M1/ &
6(interleukin 6, IL-6), JNJEIFHZE 2 RE SN, Al A i o
ot B e R, A TR RR , 4 FELHIEM K
A,

3 SCs/Exos ] BERYATT L
3.1 MR REHMINE

HIE&A e, 7N B ot 40 B A2 R i Jois 4 i 350
PR 4 B (W TNF-as IL-6+ IL-1pB)f0 5 i 45
153 #3, SCs S Exos il /)N i 5 240 e i) e B ¥t , 9/
R 5 R F- IR, RIS 340 98 X7 IL-105) TGF-B
(PIFRIE, IITHRAR #HEE JEERS . 1k A, SCsiff i 4 7]
FEAMESS 7 WAE L, SO O 1Y) S A PRI AR
kR PEMZ I 2. WANGEE P 5T &k I Exosil it
#EaifmiR-146a. miR-13255¥miRNA, 1| TLR4/NF-xB
S JORE K ()3 PER I A 2 e i . GUANSE )
R I Exosid w] 45 B M 1A AL, (Rt HT 28 14 M2
R R A ()T 1, 33— 3D G RRE IRV
32 RAOFEMNESIUAT

SCsiiid 2 5 AT K AE P AT TAEH
TR HUG 4k & Eph & difn . & o, il ekt
RN 8/ S8 AL R, SCshl il ik e T 4 K & [m) 52
TR 22 20 P e A% Th Re PR AR, X — I R AR D
T HHEESER, RE T MR R, NiEs:
A MRS B T AR PT. dkim, i AR K
4 Wb BN A R O T B S T SCsild 55
I3 E IR TR 2 M 48 7 IR PO R e s
7&K (brain-derived neurotrophic factor, BDNF)P!,
2 Joit 4 B Y 14 o 22 R Rl 1 (glial cell line-derived
neurotrophic factor, GDNF)™, [ % P 7 A= K K1
(vascular endothelial growth factor, VEGF)*%% | [A]H
Hoik §e H #2401 caspase-3 58/ T2 AH G H IR IA
B7 15 52 A5 4o 20 A 0 12040

33 HARF5RE

SCsEA 557 WMER , AL 73 W 8 IR K+
ARG TOAE I , 1 TR RE YR I R 2 T A
(neural stem cell, NSC)7r b, 18 E 52 #2041, it
Exosf& i MG YE T, WmiRNA. & H A
i, (et A e . o A SR AT . MAR-
TINSEE PV 3L [A] 78 ot 40 Jf A7 42 1) Exos 1 ) miR-
133bRJ Uil NSCH b, FFimid 175 B WAH < im Bg 7
BB & 2300 2 G, Exosids W] 50 LG 3¢ P&, B 31E
T2 40 i 4 2R, AT 3 s #0222 R H
3.4 REMEBE

Exos— J7 [ i i 4% 346 {2 i & A4 sl R 7 (n
VEGF. FGF)fImiRNA(%ImiR-132. miR-146a)H
FEAE FH T PN 2 240 o 0 I AR 40 i BSY, 55— 7 T ]
T I T RORETIOA SR, Qi Ak BRI, PEIIKTNF-a.
IL- 155 R A0 Rl 7R B, N IL-10. TGF-p&1&
S22 R AL 1 KT EE A A M A R 5T, TR R AR I
B AR A A 2 P8 DA B LA B ) 4
36 HIE 4 AN 7 #EE . HEODENGS: PR 7L K
W, NENEWT MSCs-Exos MW i 0% RhotH X E A
¥ 1(Rho-associated protein kinase 1, ROCK1). f
TR B AN 5K /725 A [F)YE Y (phosphatase and tensin homo-
log, PTEN)#MIHI G 22 75 3 0 28 SE R0, Ty H LR
[ miR-1321 miR-146an] i fig & A= i Ak P
i, AR N T P R 24 e P 8 B 3 P R LA T

4 IeRAIARHER
4.1 BRE:RIREAIMSCs(placenta-derived mesenchy-
mal stem cells, PD-MSCs)

ZHAOZE P TAIESE, PD-MSCsFEAE #9558 T HIE
KRB IEh e, il A8 50 PR 4040 52 v 2 TR) g
f2REJ1(FR1) . XUESEPHE— PR Sk A4k 95 B AR
SRUE T MSCs R 8 1] I 35 2503 HIE K SR R Az 2l
hie, H R ERMERFIL-3%& . NOHZ P A
W FC T AL EE SR B R MSCsYa T 78 J1 52, RIL T
5k I o A B Py N Y5 PR YR E R S Y5 7Y MSCs 7 SD
K EABALB/CHR B H BE o B XABUR, BA RIFH)
A A, B B L) R X A A K AR
RTR, BAIEITHIERITE /).
4.2 FFHRIERIMSCs(umbilical cord-derived mes-
enchymal stem cells, UC-MSCs)

YANGH: O FL R B, G s FE A 40 Mk 2 1 4%
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Table 1 Preclinical research progress on stem cell and exosomes therapy for HIE
et K EEp2Tbe i bR T7 D ES 7R
Type Origin Administration Model Results Reference
PD-MSCs Human Intravenous In vivo PD-MSCs transplantation enhanced motor coordination and ~ [3]
injection muscle strength in HIE rats and improved spatial memory
ability by repairing pathological damage and preventing
neuronal loss in the cerebral cortex
hpcMSCs Human Intraventricular In vivo Significant improvements in cognitive and motor functions [38]
injection were observed. It could improve behavioral disorders in
HIE rat models, and it was found that after cell transplanta-
tion, the expression of inflame-matory factor IL-3 (interleu-
kin 3) was down-regulated
th-hWIMSCs ~ Human Intraventricular In vivo hWJIMSCs improved the neurological function of dam- [39]
injection aged brain tissue in SD rats and BALB/C nude mice by
enhancing paracrine effects, reduced the area of injury, and
promoted the recovery of motor and cognitive functions
cYGB-HuM- Human Intranasal trans- In vivo cYGB-HuUMSCs can act as gene transporters and may play a  [40]
Scs plantation neuroprotective and anti-apoptotic role in hypoxic-ischemic
brain damage via the p38 mitogen-activated protein kinase
signaling pathway
UC-MSCs Human Intranasal & In vitro, in vivo, ~ Nasal delivery of hypoxic pretreated human UC-MSCs sig-  [41]
intravenous ex vivo nificantly reduced brain injury volume and improved motor
and cognitive function in HIE rats
hUC-MSCs Human Intranasal trans- In vivo Nasal transplantation of UC-MSCs (1.5x10°) can signifi- [42]
plantation cantly improve the motor and cognitive abilities of HIBD
mice, and achieve the best therapeutic effect
AD-MSCs Human Subcutaneous In vivo AD-MSCs treatment increased the number of striatal [43]
injection medium spiny neurons and reduced the number of striatal
microglia without subventricular proliferation
AD-MSCs Human intravenous In vivo AD-MSCs were injected into HIE rats through the tail vein [44]
and the results showed that HASC-treated rats had long-
term neuroprotective potential and improved neurodevelop-
ment
MSCs with Human Intravenous In vivo MSCs improve sensorimotor and cognitive functions and [45]
unspecified injection promote neuronal growth in rats with perinatal brain injury
sources
BDNF-eMSC  Human Intraventricular In vivo Compared with native MSCs, irradiated BDNF-eMSCs [46]
injection have better paracrine efficacy and improve the therapeutic
efficiency of MSCs in neonatal HIE rats
Muse cell Human Intravenous In vivo, ex vivo After infusion of 36 Muse cell preparation CL2020 into [47]
administration neonatal HIE rats, it can target homing to the brain injury
area without immunosuppressive intervention
Neuroblasts Human Intraventricular In vivo After CNBs were transplanted into the cerebral cortex of [48]
injection HIE mice, they differentiated into deep cortical neurons, in-
dicating that CNBs can functionally reconstruct the cortical-
subcortical neural circuits
UC-MSC- Human Intravenous In vivo UC-MSC-Exos protect rats from SCI by inhibiting inflam- [49]
Exos injection matory response via the NF-kB/MAPK signaling pathway.
By inhibiting the phosphorylation of P38, JNK, ERK, and
p65 in BV2 microglia and SCI rat tissues
UC-MSC- Human Intravenous & lo-  In vivo EV-derived microRNA prevents neuronal apoptosis and [50]
Exos cal intracerebral reduces brain edema and infarct volume by downregulating

injection

HDACI and increasing EGR2/Bcl2 expression
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et R EREpE Ab RT3 WFFeas R 225301k
Type Origin Administration Model Results Reference
UC-MSC- Human Tail vein injec- In vivo miR-146a-5p in UC-MSC-Exos reduces microglia-mediated  [51]
Exos tion neuroinflammatory response via the IRAK1/TRAF6 path-
way
BMSCs-Exos  Rat Intracerebral In vivo miR-653-3p inhibits the NF-kB pathway by regulating the [52]
injection TRIM21/p62/Nrf2/CYLD axis. By targeting TRIM21, miR-
653-3p affects the ubiquitination of p62, thereby regulating
the Keap1/Nrf2 pathway. Nrf2 activates CYLD to inhibit
NF-kB pathway, thereby reducing inflammation and apop-
tosis
BMSCs-Exos ~ Human Intracerebral In vivo hBMSCs-Exos mediate the inhibition of p38 MAPK/p65 NF- [53]
injection kB signaling cascade, leading to the attenuation of the
transcription of inflammation-related genes
ADSC-Exos Human Intranasal admin-  In vivo Human adipose-derived mesenchymal stem cell exosomes [54]
istration significantly improved the cognitive function of HIBD rats,
and significantly reduced apoptotic cells in the hippocam-
pus and increased neuronal cell survival
AD-MSC Mouse Intranasal In vitro, in vivo, ~ AD-MSC-Exos delivers miR-760-3p through intranasal [55]
ex vivo administration, targeting the inhibition of CHAC1 expres-
sion and improving neurobehavioral function after ischemic
brain injury in mice
Astrocyte- Mouse Intraperitoneal In vivo Astrocyte-derived exosomes carry miR-17-5p that binds [56]
derived injection to BNIP2, and overexpression of miR-17-5p increases the
exosomes viability of H19-7 cells and reduces apoptosis, oxidative
stress, and inflammation
hAFEXOs Human Tail vein injec- In vivo hAFEXOs alleviate HIBD and enhance angiogenesis in [57]

tion

neonatal mice after hypoxia. hRAFEXOs also promoted the
migration and tube formation of human umbilical vein
endothelial cells after oxygen-glucose deprivation in vitro

LR MSCs i, HIE K BR A 28 45 4% i 1K BH 2
2%, UC-MSCs ] fig il id p38 22 2[5 & 11
5T I M, 7R R A B G 475 (hypoxic-ischemic
brain damage, HIBD)H K22 R4 AHTI -1 H
SERRENHO% PIHF 5T IE S 28 S s i AL TRAL BN
UC-MSCs ]\ Z /N HIE K UK 5 7R3, iz
FNFNEN D) fE, Hisid EIHHGF/VEGF/BDNF A i
PI3K/AKtIE E A # 22 SE 0, [R] 2 i RE 3 A
4.3 BERARIRAIMSCs(adipose-derived mesenchy-
mal stem cells, AD-MSCs)

GUIRAR (1) B 22 A 22 90 (medium-spiny
neurons, MSNs){E HIJ5 % %41, 33012 3) Dy pe b
5. BASHAMSE TR B, MEPE HIE K B AL XUR
ST AD-MSCs i i 2 390 18U AR MSNs I 4 %)
o, W T SCIRR R BN T A AR (RO ik
T X AT A W3 R, X R W AD-MSCs
T o A1 o) A 2 980 1T S E B 0 i A 22 T R IR T

fEH . FEBRUARY % "IF FLIESE, B #fkid: 5 AD-
MSCs[(0.5~1.0)x10%/0.1 mL EF £57K 1/ HIE K iz
e AT =Tl SR A [ @A i AR G i LT N
o 57 5 2 4 R P 3 R, RN ZIA T B K
SR FEERE K ENE .
4.4 FRHEKIFEHIMSCs

TERADAZ%S M L E s, #fikd: MSCs ]
3 HIE K B SE I AL an D ge, R M 4T
A, FTRERIHLHT A MSCsF3 A 31| 52 500 1 i 21 24
RIEPLR AR &R, WO TR W2 21 A= K
FHB7 b2 Tak | 2T T 4 R S XUEBSE P —FE
AHNZ B3 4R HIBD K SRS R PEAl 1 4% 8 Ab 71
() BDNFid %35 TR [A] 78 57 141 il (BDNF-eMSCs)
(T8 WETERIN, Loyt 2R AL HE (1) 177 B (1x10%/mL)
BDNF-eMSCsya 47 1] 4 2041 il HIBD K B I 155 58 (1)
itRE . UEDASE U FTIESE , H7A: HIE K B4R IR IR
K% Z AR RO 52 41 Y (multilineage-differen-
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tiating stress enduring cells, Muse cells)#l|7/CL2020/5
AR, MR ER, HIJE3RM341)57 K (M74) #
IR IBK A 11064~ CL2020/44 , 67 S i) 7,
CL2020 B[ ny & [ U= 5 2 i 2 73 DX 3, 47 95 P Ak e
SRR BRI 3 T RE M 2 Bk 35 05

4.5 HEZ R (neuroblasts, NB)

NB2 M4 R G0 K 5k i K RT iR 4u i, set% o
AR EE ORI ST A 7 NSV i T 4t R IR )
FZ AR £ BE4H U (cortical neuroblast, CNB)TE il A\ Bk
AR5 1 v 2 SRR BRI ). WUSE I CNB
DAAS [R] 71 B #8128 HIE/DN BRI B 2 S E s H ook
RZ R JEME Tt Hod AR, X R IERA IR
BRI v, CNB RS 0T R 5T— B J57 T i 42 [ % 14 AT 1)
REE .

4.6 B8] 7E BiskiEAYExos(umbilical cord mesen-
chymal stem cell-derived exosomes, UC-MSC-Exos)

LUAN% W5t R B, UC-MSC-Exos Al il it
NF-kB/MAPK{Z 5 3l B A JOE S B, BARR I
FE BV2/INE 5 4 SRR B 45 105K R ALZArR, iR p38
22 2 JFTEA R AP c-JunZ B R i P (c-Jun N-
terminal kinase, INK). 40 ~ME 5 18773 (extra-
cellular signal-regulated kinase, ERK) X 4% [X-F-xkB p65
WEHEEBERR AL, AT 23 KR issh Dh g . HANSE Y
578 T UC-MSC-Exos ' JT 4 4 ) miR-410/115%
SEER : 1ZmiRNATE T4 A% BT 1 (his-
tone deacetylases 1, HDACI), _ i 5 HHAE K s o7 (A1
2/B4H Hu itk ELJRF Xl - 2(early growth response 2/B-cell
lymphoma 2, EGR2/Bcl2) 12 1A i3k i #1041 22 0
T2, PR 7K i I NI REZE AR R . ZHANGEEPY
(A S AL B 7 A\ UC-MSC-ExosH [ miR-146a-
5pifiid IRAK I/TRAF6IE A2 /N B B 40 i A/ 3 1
FRZE JOE N, IR AIESE UC-MSC-Exosft /14 HIE /s
R AR L A2 4% S 7, S 3 D ) ) o 4 L A I D/
I REBEAATR
4.7 B 8E8) 7t FKIREAIExos(bone marrow mesen-
chymal stem cell-derived exosomes, BM-MSC-Exos)

SHU%E B 58 2 81, I H BM-MSC-Exos/#) miR-
653-3pH#L [ i 4% TRIM21/p62/Nrf2/CYLDAE 54, 1
il HIBD A Z o 1. FARE T2 9 miR-653-3p
I I BE ) — L P 8 [ 21 (tripartite motif-containing
protein 21, TRIM21)1i4% p62iZ 214 J5#i% Keap1/Nrf2

T, WS AZ IR T E24H 5S [A - 2(nuclear factor ery-
throid 2-related factor 2, Nrf2)#x#64r, H4E 3¢ iz
TR FE R Uiy K S B (cylindromatosis, CYLD) KL,
HETTAIH] NF-xBAS ‘5@ #% , iz 22 2 5% HIBD K 5
R DI Reif . o5 — WUt FCIE S5 AU BM-MSCs-
Exos?EHIBD/)N i FH #1141 P38 MAPK/p65 NF-kBf55 5
WK, T BUAEH K H: R S AKF BEAIG, AT XS /)
I 5 A . R AT A A B3 IX U 3R BM-MSC-
Exosft HIBDYA YT W BT T 55t RALHIHL AL 75
T .
4.8 BERAIE) 7T BiRiIR A Exos(adipose-derived
stem cell exosomes, AD-MSC-Exos)

IKEDASEBUFFE R WY, S il Fil N AD-MSC-
ExosH] . 3% I3 HIBD K R A &N D g, S 2H 21
P T A M B B ek > A2 e B AE TS R, IR
P L AR 25 253840, B NEARCRRE. WANG
S I — b S R W S N 45 24 1) AD-MSC-Exos it
#5717 1 miR-760-3p AJ [ 411 1] ChaC 23 Ok H K HF 5+
P y- B B FEFE I 1(ChaC glutathione specific
gamma-glutamylcyclotransferase 1, CHAC1)%iA, £§
/I BRI PR T 457 05 5 w2 AT N Th g
4.9 HfthKiIEHIExo0s

DUSEPIRIF FEIESE, BB 5T 40 i i7 A& ) Exos i
I #9A8 miR-17-5p3E HIBD K R # AT M, il
HIPH A TOIR T, IR 2R 9O0E IO, I ek /N i 45 B
IR . LIS PTI98 26 N 3 /KI5 S 44 (human
amniotic fluid-derived exosomes, hAFEXOs) 1] Ji £
HIBD i i B 405 A8 /) BRI IfL A 2E 7%, hAFEXOs
T W] LE AR S SR R <5 S AR 1E N T K P Bz 4 i )
TRAME LK. AR, NBEILE & 4h
& miRNA, ARG 2L, 5%
E2 JH e /4 R il % kR 4 22 3 i 70 11 22 DT 5
R /NI A YRR, FTREEM A K B MIER
Thifie v 5 5 8 AR FH DY,

5 laRiALE
5.1 [E#MFRAUC-MSCs

TEYRYT HE HIEE ) LIIRE H , COTTONE: B
XPAE THIR T 24l _L (1) 6451 HIE BT Az J LS vk i ok v
&) Ff 544 UC-MSCs(2x10%/kg), b 24 24N H 518
s =5, AR BRRTTIN 2V R A, BT )L
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H12~171 A BEVT IR & P50 kb TP sk 171
K, RMEERN B A R F A, #&78 UC-MSCsiRTT
EHIBS )L AR RGeS nr ik Gk 2). @
— S , KABATASE: SO0 i 27 438 i R IR
] 78 5 T4 /iy (Wharton’s Jelly-derived mesenchymal
stem cells, WI-MSCs) 73 Hit 85 Lp9 F g ke 5
(1x10%kg), & A 21k, ¥¥8:2H, FFiRJ7 HIEE L.
2 12 7 )G BT K I WI-MSCsHE At B 2 3% 1 &
JLIHRE Thie, 3 — 2 308 T IR 78 5 T 40 f 7E HIE
TR L 22 A 5T TETT A
5.2 BBz

SOLANAZ% ' 12451 fiG % = 36 )& 1 5 FE HIE
A JLETH IR 7 5 72/ i & A UC-
MSCs ] H A4 5 7 140 (5x 1074 % 40D /kg/51 , 3355
1~45700K, AT B R 38 ), R EoR, T BJLY

THNE G2 BB, UESHERAIRTT TR
LATAT. PG, TSUNEE D — B IGIE1Z RIS, %16
{51l v 2R HIE £ ) LS it THIRE A A J5F 5 1 4 v 97
RZE5Y 37, 43T HAE G 12~24/Nf L 36~48 /)N
2 60~72/NIHHRTE ), 7ETC 75 A= SCREIN 261 T 30K
TG ZRIK 100%, 18 H 8B 15 1 4451 58 BT Al & 32 0
PREE ThREEER HOR & IR
5.3 MuseZfiftl

SATOZ SIFF 2 5 rp O FF JEUbR 25 751) 12 3 38 AJF 7
KPPl Muse4H ig CL202075 97 HIE) 22 4= %2 14, 9
B35 THI B E HIERE L, TG 5~14R8%
BRI CL2020(fR A1 &40 1.5%10%/kg, =il
H1.5x107/kg), 45 R BN, 525)5 128 N iR A%
ANRFAF, UESE CL20207E HIEBT A ) LH 22 4 B 52
PERIT.

®2 THRATTHIERIGRA R
Table 2 Clinical research progress of stem cell therapy for HIE

e id) Rl epaTba e AETFIC WETAR EEPUN
Type Origin Administration Model Results Reference
hCT- Human  Intravenous In vivo The combined use of hCT-MSCs and TH in 6 newborns with HIE was  [59]
MSCs injection safe and without adverse events. Low-titer anti-HLA antibodies de-
veloped in 5 of the 6 infants. Bayley-11I scores at 12-17 months were
within the average range, and MRI showed no evidence of hypoxic-
ischemic injury
hpcMSCs ~ Human  Intrathecal, In vivo The triple infusion of allogeneic hpcMSCs in 6 HIE children was [60]
intramuscular & safe and controllable, with only 3 cases experiencing transient low-
intravenous grade fever/headache/myalgia, which subsided within 24 hours. The
neurological function was significantly improved at 12-month follow-
up, and the scale, MRI, and laboratory tests all supported the efficacy
UCBC Human  Intraventricular In vivo Twelve children with moderate to severe HIE completed the first dose ~ [61]
injection of UCBC infusion within 24 h of birth. Three children with severe
HIE died. Follow-up of the surviving children showed that 6/9 had
normal early MRI, but 5/8 had abnormal EEG at 4 to 6 months of
age. Four children developed epilepsy, of which 3 were relieved
UCBC Human  Intraventricular In vivo Six severely asphyxiated newborns were found to be safe and feasible ~ [62]
injection after three intravenous infusions of UCBC on the basis of TH, with
no adverse events and no significant fluctuations in physiological
indicators and blood parameters. All survived and did not require life
support at 30 days of age. Follow-up at 18 months of age showed
that 4 cases had normal neurological development and 2 cases had
cerebral palsy with developmental delay
Muse Human  Intravenous injec-  In vivo Nine neonates with moderate to severe HIE who received TH were [63]
cell tion infused with CL2020. There was no death or withdrawal during the

78-week follow-up. The safety was good, and only one case had a

transient mild increase in y-GTP and recovered spontaneously. At 78

weeks, 67% of patients had a KSPD developmental quotient = 85,

MRI scores improved, and 100% of children in the high-dose group

had normal motor function
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