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Advances in stem cell therapy for sensory nerve injury

CHEN Huidong, ZHANG Yunlong, ZHANG Zhijian, HUA Qingquan
Department of Otorhinolaryngology, Renmin Hospital of Wuhan University, Wuhan 430060, China

[Abstract] Sensory nerves belong to the afferent nerve part of the peripheral nervous system. Their role is to accept the stimuli
inside and outside the body and transmit them to the center nerve system to form sensations or reflexes. Sensory nerve damage can
be caused by trauma, tumor invasion, surgical injury, efc. Sensory nerve injury may cause decline or loss of some sensory organs
function in patients. Damage of important sensory nerves such as optic nerves and auditory nerves can bring profound troubles to
patients’ lives. So far, the main clinical method to repair sensory nerves is autologous nerve transplantation. However, its application
is limited by various factors, and the recovery effect of nerve function is often limited. Stem cells have the potential of multi-
directional differentiation, which can differentiate into Schwann cells, and then secrete neurotrophic factors to promote axonal
growth and myelin regeneration. Schwann cells directionally proliferate and form Biingner zones which guide nerve regeneration.
Stem cells can also differentiate into neurons and construct nerve defect repair materials, which is an ideal choice for nerve repair. At
present, the tissue engineering technology based on stem cells, combined with several key biotechnology, such as the use of
biopolymerized or artificial surface micro-patterning nerve conduit to bridge nerve defects, and the use of microspheres to achieve
the controlled release of extracellular matrix proteins and neurotrophic factors, is being widely studied and has achieved certain
research results. This article reviews the research progress of stem cells in the repair of several major sensory nerves, such as optic
nerves, olfactory nerves, cochlear nerves and sensory nerve fibers of sciatic nerve, expecting to provide a new perspective for neural
repair of stem cells, broaden the preclinical research in nerve repair, and provide reference for follow-up clinical application.
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FHA BRI . B SR TR R 12 S A
24503, Hovhiz 3 Dy RE AT E T A B R
AT B A R L R DUE A 2 4, 2 H AR
LB IR R MR Wi 2255 B B A S
ZALZA R IR 2 45 BB TR BRI INYE . H Al
P B 0 A" J& AR Y, SR
PERERALIIRERE | TR PRI 220 LA oo 22 S C 5 S Y
MADIREIRE A B AF R RAAAAE, $2 T ERINH .
T AN RAE R A RIS, TERRE S 1F R AT RLITERR
SR RIBE B A A — Fh AT L T A B 2 gy
PRIERE, AT M7 A AR 2B S A
FY Y, SRR R IR R . HAT,
LA 40 i E Al B A TR A8 B HOR IE R iz
FE, IFAT T AT ER R o ARSCERIR T A T
AR PR RS, ARG M 2 e
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P A 25 F A 1) Rk 225 4 B (retinal ganglion
cell, RGC) HlI G2 . RGC 3 1o # I¥ J5E o e o 22
JCMOGIRAZ A O e 5 D, I3 3 P pl 28 4% i 3]
Ko o RGCHYFARE 155, WA 2B 25
K RGCHT:, IEMMEES, RAFEMIE
e T A0 MR U A RGC BRI Y7 Mk B B — s it
J& ., ROEA A RE K A2 PR AL A 2 e T Ak 2R 1Y
WA

T sk 2450016 2 0 T 40 MR IR A Z2F0, HE
HREH B3 )12 0 2 28 B B AR 3 03 R) S BT T 44 A
(mesenchymal stem cell, MSC) "', X[ fig 5 MSC
ATLABSIRZ a4k, T i 280 R0 Z2 R I RS 240 ff AT G
DA SILVA-JUNIOR % ' 4 A5 5 T A R 19 MSC 22
T B IR S R AR B L b 22 i e A R B, R BT 3
SR RGC R/, IF ] B ARt 2B il 2 1) 28 SR
Ko AR ZE A MSC X IR 28 A48 52 RO A7 A 22 501
MEAD % 7' Fo#5 T A B 1] 78 T 41 (dental pulp
stem cell, DPSC) 5 & ## [H] ¢ it T 4 iz (bone
marrow mesenchymal stem cell, BMSC) 7 #f 22 51
PaJa %t RGC AL 2 B S AT 2251 . IZWToT 4 R
& B DPSC # #f 8 4 K K ¥ (nerve growth factor,
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NGF) .

neurotrophic factor,

G R PE M2 E SR B F (brain-derived
BDNF) . fff & # 5 I 7 3
(neurotrophin-3, NT3) Ay ¥ & i 2 & T BMSC 41 ,
AR PN ST B0 F S AR P o 25 2 A 23 R B T A e o8 A K
B FE [ 43 (growth-associated protein-43, GAP43)
(R34 B, GIEW] DPSC MIRY AR T BMSC,

BRI SAE, HADF A iR A d S T R Y
BITRCR . GME RSN, TS T il -4 1
B bR BRI, T AN RERIA R HE,  (EG A 22 4
Yt 5 A A B2 . CHUNG %8 ™ 7E L 2 85 1R
i 2230 S KA A BB R AOR U MSC, & 3L
WRAAT R R E G, MNAE S5 S —— BRI
5 A F-1la (hypoxia-inducible factor-lae, HIF-la) 1
AR TE 8, 3 s N 9808 AR >k 5 1Y MSC 3 1o 5 K¢
HIF-o 1) 5 G2 A BEAIL ) & 4% 04 22 (R 47 4 FH . PARK
G RN ZRE T A AT A A 2 A 40 (human
pluripotent stem cell-derived neuronal progenital cell,
NPC) F1 A Jif & ok U5 /9 8] 58 BT 1 48 . (human
placenta-derived mesenchymal stem cell, hPMSC) £
JHEF TS B AR 2 B e O R B A, R B 2 AL
Z:rf BDNF (3R Thi, TS IS 4 8 A i 5 o i
5 POU 45 #4 35k 7] 9 & % A 3a (brain specific
homeobox/POU domain protein 3a, Brn3a) FIII2& B
BAEHE N (B tubulinlll) A5 R, UL NPC
5PSCHIEMBIM LRI RBUR

MESENTIER-LOURO % "'/ ) xof 4 #h 5 451 435 i
MSC IR IT I I ROCR 04T T 4R 1. 78 R BV pf 2
Jeti)a . T BCE AR NTE SR LB FE BT 40 (rat
mesenchymal stem cell, rMSC), XJ &4 73 §f e
F5 23 F 1 5 60 d K 240 d 5 X RGC /736 . il
A R SR E HEHRAT I, KIS 60 dfE
tMSC 41 I+ Fe i hrpf 2 A K I 715 S 5 A (nerve
growth factor-induced gene A, NGFI-A) /K -4 X%}
FRZHIG I T 1A%, 38R SASE hAEESr HR R 5 AR
TE I 240 d J5 5 X0 BRA A Y, 3R WIHTE W09 58 fin
BAE, shY AWM T R, X WP MSC
AT A D B ol 22 5 200 i 5 HCHE 2% B R R 0% R 2
W

KT MSCEEMWMAILE, Bt EZA RS
BEAE I BGE A AN R SR B R A G, A
FHEON N H 5@ A & R 7 kB (nuclear
transcription factor-kB, NF-xkB) %5 i 42 4100 i & 4 &2
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B SRR K T MEAD 4 Y
BMSC M A A BRAA S35 75 (0 40 I RSS2 i, H e 2 21
Pl 2 5 o LA 0 3 bl 2 R 1 Al 28 24k K
B R argonaute-2 F T (1 F miRNA [ G H#E A%
NirF) J&, BMSCAHMBRM L iRSCR s, 1wk
BMSC #M A8 158 miRNA 91 F 1 00 0 58 356 3% 755 5
DT o PARK 45 2 i T 26 8 7 (1 WM 28 s 3 5L
BIE T hPMSC i R E T, I 4 B NF-xB 2
i# i F i hPMSC % A 4L 25 F1 Ermin 1 Brn3a 1932 1K
SRR . WANG 25 ) 5 i Fe B 1 18] 78
T4l (adipose-derived stem cell, ADSC) A i
J& BB 28 IO 66 355 & H 7 (flash-visual evoked
potential, F-VEP) RJZAS{LiESE | Hopf & R 4 4E 1,
HE— PG $E 78 ADSC B HHJS Toll BE3Z 1K 4 (Toll-like
receptor 4, TLR4) MEKAHSCE T, WEMANME T 1
MAC1) . ## # 75 fb I ¥ 88
(myeloid differentiation factor 88, MYDS8) 5[y ik
KA, I ADSC A A RE B i 00 4t 28463 443 )5 1)
JRE RN, 3kt AT fiE S MSC #2459 V8 B L )
Z—.

H AT T4 AR 2207 FHUS T —2uif g, (H
A4S BR AR 00 R D AB R A 5 T A ST 1 5% il
P T A FF R R B], R BRI B $ . A,
R AT VR 22 A, L AN T A0 A A B AL R
FERE BRI AT Z2 K], 8584 F R SR Ty
A Ay A A FR 240 AR 2 3 D0 200 T RT3 T A 7 30 B
TR W, e T R AT SRR I A, A
i — IR

(macrophage-1,

2 RuZHHOTHRETHR

WS i 2 DL SRS & R B T R L A
2L AR AL L R MR i L 2 iR AR S ke U R
TR, U oo AT B ) A RIBERE T,
BEAWIBIOR B R IEEL 2 B W8 T4 (olfactory
ectomesenchymal stem cell, OE-MSC) Fr 4L B ;
BT S E RN, W DA Y R AT
(4 2RI 00 v o AWk R AL S AR AT RE R S b 7
T P T 2R R i e e e L 2 DT 4 R T
Po, WATREL HBMSE AR A . B [, PRI
AR b R T 20 A K B S M D RE T RE 2R
FYMRLE R A RO 1, T AR AT R B A
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BRI TEZ —

MEL I Rz v T BRI IX, AR, PR T A
WERT AL MR AE, 3 ] 2 B AL A 2k i Ab % #5216
SR D, KIMAE U B ADSC 28 R i ki
PN R R ezl N N R R NS B = 7 i S Tl e
I (olfactory marker protein, OMP) & BB AIGIT
41 5 A, RS A AR BTN OMP (1) 3% 35 55 A 1 W )
AR B AR, $ 7R ML D) BE 73 K 2 . NODA
g g @O E R (GFP) FRid B/ s BE R Al
N Z ORI R /R, K30 d N RRER
GFP B AR5 . JO 45 00 H1 BMSC £ At A
B¢ TX-100 % 5 1 " 5% | J2 (olfactory epithelium,
OE) 78 PEM K B, 4 &I OMP ik W W3 i,
A7 R A A 48 F f ] B 2 4, 3R W] BMISC 2l OE
FILSE PR S

H R h T 40 i & &2 OF AL 3 22 431k A
OF #H A 40 M A S 785 33 IR 7 A9 23 il o KIML 45 8 iy
WFFE R, OMP 5 PN K 41 i Ar 25 9 1 45 1 1t /< 95
¥ (von Willebrand factor, vVWF) # ADSC 1L %
i, i B ADSC 431k by WL i 22 5 Fil OE 4 Jifd >k %
HULSEA 7 . NODA % ') [y 9 v, GFP FH 40
I 155 = S S AN v e i R S A S R TN I U
PE, SRR B HLEI AT 68 5 1 40 MUIE /)N R B 40 i A7
o AEJO % PR b, [ TX-100 % 5 MU
B A5 ) K B PR A BMSC 2 i J5 & #E NGF #11
BDNF ik, Ffif5 OMP [ £ BT, #IE
BMSC & % 1 i 5 H 73 W NGF F1 BDNF 4 X . It
Ab, AR, Al AR R R T T Al s
1o 7 ] 42 4 0F MR 8405 (VK 42 . NISHIZAKIT 45 2!
1 BMSC £ F2 # Uk £% A1 A H %l b ek iy 35 O 451 4 45
RUNEL, JFAEANRIETE] (2. 5. 10d) 4 TAL40 0
LKL F T (granulocyte colony-stimulating factor,
G-CSF) i, 14 HJ5 %M GFPxEY 5 OMP K&
GAP43 JL5E v, HE/R B HE 41 E 43k R WELBE 4 2858
IR PER R B A, H G-CSF R+ (2d) #il
FEGE, KW G-CSFA BT 1 #42 & BMSC i # 48
TR

H AT T 4Gy Rl 2 O i oe >, RS
Ik S ML DX RS A T 41 FfL A8 52 PR 28 45 0 HUAS T — € (1)
SR, (IRIF etk . ARk s D&
NI PES R T R~ AW R (B U BN i
EHMICER, AR,
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HRRAER,F

3 RWESRGNTHRETT

I 22 ML AR A 1 S BT O e R R B 0N ik X
(cerebellopontine angle, CPA) JifJgi A J5 I I i) i £
PRz —. HEHGE, W SR 5 T 1 R B AR R
fE, TU (Wi ENIEERN ) . T2 (M A F T
SRS L DI W I QTR R A A N 22 T S | B,
T T4 (g 5% Fe i 1 =20 DO A 25 ) - 9 g 1) A 2%
WE 3R B 5 LR 70% . 65% . 56% . 25% . Wi
Y& T4 A (auditory brainstem implant, ABI) &
P2 A B RTME—RTREAIIARYTY ik, {5 ABLIGYT
FENH T MLY% 2 % (neurofibromatosis
type 2, NF2) &, HAL10% 08 #H 240 )5 0577
N FEPUIAE S P AR B IR E R . £
b K A 43 AR FH A 22 1A s ek 28 400005 1 0 AR R T
Ik

HU % 2 5 53 78 SD A BT 9 A % - g Ji 3 47
fL, WEEITREM L, SRS tau-GFP /N REJIG +
40 fifi  (embryonic stem cell, ESC) 7 A & Wi b ;
GFP OB AIH 22 2255 B tubulin T 2 e CiIE SR AT
ESC A£G 1 3~9 i, HAEZAATER B, #E AR ESC
L 28 H B 7 A 328 20 3 7% 30 5 30 I 000 - A% 1 ki 1
UE BT 20 B AR A W R 2 A B AT AT
COLEMAN % 7 ok 43 fL 1) ESC 5 i 5 5% 10 8%
%, iSO A, RE S54SR S d
YR B3 29 09 B 4 ML SME R SR TR AP G 3 5 25 R 1
N, BASRSNEFR R L S W i 2 T AR OB S 1Y)
YU E G 2, IR RIN Ry b 28 22 2 11 BH M A BRI P 22
JCHEAIL 5 58 T A 1] 43 Ak R W pl 2800 R 4
BETHMEMR > TLRE,

SEKIYA %5 ) BFSE #0943 B P9 ik B2
FAN AR L A B e B X IR T ) B, T2
TR TR ik . R, RI7EDIHE
Wrph 28 1 N T I8 B 25 46 AR 2V Jeb T Ai i T i el 28
ZIEFR AT FRIE ,  DAEIE RS AR 20 RN ZE 45 (4 W i 2L 2 A
Z IR 3 A Mo X R ZE K T 2 R AR A T A 22 T
W, VDTS e R A & AR 22 R A A 2 1 T
YR AT B R Tz, ANUTEREA W oe ol 28 &
T RAE AN, T ELAE T ph 48 R G i 2 IS
WA R MAETH WS RIEHETEAE, T4
HEPERE B T AT FR o 3K i #2848 15 5 ) RS A B A
UL TS W2 A PR AMESE T
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JELRS X B A 284500 i B AR . A AT ke P EEAEL A
JiL LAY 473 i 2 1T A AT M b 28 P9 9 2 RO SR
HEAT TR 25 JE 0 S AR AR o T M I T R B
(auditory-evoked brainstem response, ABR) il iz &%
AW, RIMBAEH 3D H W ek 3 58.8%, 1
M NRERLL S 05 REEVOCRIIRI, Kim
FE R ZH T A M AE i 8 S T YA A0, T NS AR
T HMIAATE . GFP ARSI T4 it v 5 43 2 08 %2
K2 B AMRZ3MEEY (glutamate receptor 2/
glutamate receptor 3, GIluR2/3) v, w5 M+
Ab o fl B A 7, R UESE T 45 T A M Ak
TR MR HFgT P B, RS A
PIRIE MR Es M, AR AR 2T PE ) U2
TV BUHERHES) B2 I 6 TESR AR 2200 b, BE IR S o
PRS2 E K R, AT By TR AE Al ML nY it
o XOMIRRR PG B T Al MR TR AL T AR R A
2%

PALMGREN % ' tau-GFP /s i ESC 3 i A T
TH B AH B B~ A e B 2[5l 6 95 3 22 K LAY e
I 43 5 B[R B R P pR 2R 5 B F (brain-
derived neurotrophic factor, BDNF) N %5 2 filf ABC
(chondroitinase ABC, ChABC) 3 )&, TESEBY. Bk,
P2 TR T B0 T A AE L. BDNF {2 #F 1 48
A6 FNpl 280434k, T ChABC Wi A5 K 3 441 fig 1
IR R T I B PR 22 R e, X A
FH A 40 B P A 3% B4 5 A B3 T R AT R il
Wi,

CHEN %5 ' 3 o~11 JH 4 1 iy )L H- 3 T 5 T 24
i (human fetal auditory stem cell, HFASC) 3474
ERITE, IFEMRIMCET Y3, R I RE 0 (R 47
Pa s B S ORI E L 2T O - B E s O DR S R
FE RN R 2R AR PE 55 0 N 7 o R b i (R S 40 P IR
AL o AR A 1 40 i B30 0 i i R R 443t 1
s

IRAh AR E R . KR PSR R, Al
MRS AEAFIE 2N, T hREE A R, X ety 2 H
ROTSE 0 F A, Qnfal £ = RS A A M AP Ts 2, i —
A ST e I RE AU S 02 T — B T G

4 LBRHEHRHPTARET
A A I AN 25 R 2
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Bl LT RN RO R AP LR LR, Mgz ite s
Bl Ly RE Bl 1 [7) B B A P 22 90 B0 25 ol 28 SRR R
. HARR SR B TR AN SRIRYT 2 B 1Y)
AR, HE A SEA W R RYE, SaR2E0T G
W 5T F T ol 2 B8 B A0 R B i AT i i
SR EEA, GG SR ROR R, 8 A O AR B
BE LS A B A B S T R 2R T S R E AT
J7 1]

MR T R 28, AL i &R %,
YEDT i, B Tl Bk e i i . HEC T4k
B PRGBS B RY 22 SR A R o b e A
A, ENE T MBS 4 S B
(extracellular matrix, ECM) &5 B9 i B4 i)
T4 B At A (i 7 R A A SIS R R T AT i
HNIMAR YA B Se i) B0 et i 208 B RO G TE
{97744 A7 . CARRIEL % B % ADSC FIZf- 4
HH-BUERKEER AR Z T8, B R
PR 10 mm A ] BT, S &4 3 0 2 7S JR i ot 8 W 35 K
& . UEMURA % U fii Jij /N R S £ fiE T 40 o
(induced pluripotent stem cell, iPSC) 375 1 #f & &
BB /N AL B M2 S mm G5, 46 2 R WoR 7R T
RS A4 R B[R] T R, IR S8t p 22 D) e A
FBH K E . SALEHIZE 7' 44 OE-MSC il R £h/
52 SR A K BE 1 #% A 2] Wistar K B 3 mm AR B #il 25 G
i, BRI HE R OB-MSC 7K EE 2 T AR 30 2/
TR X B2, ud W] JER Al R A AR B K
MOZAFARI 45 ' FiI S i B £ 4k 40 B A K 7 2
(fibroblast growth factor 2, FGF2) AY AZEMEHG T 40
F1 THRBTESEBRRMEBRG PR
Tab 1
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i (human embryonic stem cell, hESC) & & /)
5 mm A8 E, -9 E L (von Frey test)
450 3RW], hESC R AH 2H e/ Nl g b 350 T HAth 4
PRSI RES B . ZHAO % ) f% BMSC ik
IBUEA A1 A T S5 28] A B R 28 5 45 R BRI Bk B L
D 5 AN T3] B[] A0 i b 22 2RO VIR BT (latency of
thermal pain, LTP) & A& B ¥ 28 U) g 48 %1 (sciatic
nerve functional index, SFI), & IUFAEZMBAL /Y F-
A G- R I B AR . LTP M SFIE B 145 Pkt
HEZH , 1IESE BMSC AU (14 AN (A AT AR 38 A 5 Aok 22 )%
WY GBS A . ZHANG %5 900 2 40 g
NSC) Fil fol ¢ b % 22 1 40 Mg
(microencapsulated neural stem cell, MC-NSC) # 8
FFHAA R B R, KRS, AU IR 4
{H (mechanical withdrawal threshold, MWT) Fll#k 0]
45 R (thermal withdrawal latency, TWL) JI&,
e BERE AR SE B s 5INSC AL, MC-NSCH#
T RENS & 48 S A PR B SR, it
APPSR o ST T AR R VA e R AR T
CINIERIE—

T A8 52 A i 2 SR £ AE LR O S AR
WAL ECM & B, o e it 4, B
BRI E SR T, (R IER A LSRR G
I TG AR, B SR R A R T AN M A A B
WEERE % (R 1) HEZ DB AR AS 9K 2B
FEMOGE s o AR BB R AR R B W R, St ph 2
PRI BT R i, DAt — D st e ph 240
e 5 BE B A A B

(neural stem cell,

Application of stem cell therapy in variety kinds of sensory nerve injury

Model Type Route Effect Mechanism Reference
. . . The survival rate of RGC and the number of Factors that promote the survival or growth

Clamp injury in ucC- Vitreous .o . .

. L new axons and synapses were significantly of target cells directly secreted or delivered [6]
Lister hooded rats MSCs injection . . .

increased through exocrine bodies
L X . Both could promote the survival of RGC and .
Crushing injury in DPSCs/  Vitreous . . . Neurotrophic effect of factors secreted by
. the formation of neurite, with better effects [7]
SD rats BMSCs injection stem cells represented by NGF/BDNF/NT3
on dental pulp stem cells
X Secretion of neurotrophin and differentiation
Unilateral olfactory . . i
L Caudal vein The expression of OMP and the number of into olfactory neurons and olfactory
nerve transectionin ~ ADSCs | . . . o . [18]
SD rat injection PCNA positive cells increased significantly epithelial cells affect the regeneration of
rats
olfactory epithelium
o Caudal vein - . . . .-
Olfactory epithelium . There was a significant difference in survival ~ G-CSF mobilizes BMSCs from bone
. . BMSCs/ injection/ . . . .
injury induced by G-CSF  hvoodermi rate of bone marrow cells implanted with marrow to circulation and protects nerves by [21]
- odermic
methimazole in mice X y.p i G-CSF at different time inhibiting neuronal apoptosis
injection

e
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Continued Tab
Model Type Route Effect Mechanism Reference
Electrophysiological examination showed a ADSCs secrete neurotrophin, which can
Ten-mm defect of N duit significant recovery of sensory and motor promote the synthesis and correct
erve condui
sciatic nerve in ADSCs . lantati function, and histological analysis showed localization of ECM in regenerated nerve [34]
ransplantation
Wistar rats P that myelin reformation and axon growth tissue, and increase the chemotactic
were better than the control side attraction of growth cone
The recovery of sensory and motor function
. X . vy y' X iPSCs-derived neurospheres differentiate
Five-mm defect of X in the iPSC group was significantly better . .
o k i Nerve conduit i into Schwann cells, form myelin sheath or
left sciatic nerve in ~ iPSCs than the control group, and histology [35]

. transplantation
C57BL6 mice

release nerve growth factor to promote

suggested that myelin sheath and axon

axonal growth

regeneration were significantly enhanced

Note: UC-MSC—umbilical cord mesenchymal stem cell; PCNA—proliferating cell nuclear antigen.

5 BEERE

BGE R 1B 2 O T . D SR A b
ZESKNSERE, UL e, B R A S
@ S AR 2Dy ek . L6 R T 4 S 5 R
P A T ST, BT BE R T AN AR 28 4 4
ESC. MSC. OE-MSCZHl, I X4 i ph £ 2%
KT AR BHESEE, S, ek
o XFOLERE . TSR RS, B R
VEABXT I, BT R B o AT B R LR 2
WA, BENEAR G SR, MFARKFHER
e, FREMNZR T SE . GH%EA- IR
IKBE I SERRHE ) T AR A 1A ORI S48, S st
S BRI S () B4, JFUS N T BDNF, FGF2,
ChABC St & B A2 T2 ot , #1742k K4
PSP RS . FEIK BERIFST Hh R BRI b 2246 52 HL I
FEARE: TR WHEAERE T, EERET
PRHERR I B 5 T A0 MR TR B AR P S AR AR il 5
FERBAE N W5, B RER RN, 51 A
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