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WE  TERMILE A A B R BT mAL, A T A A R A A 4
YBHAE TR, THERMIBHHEIE G DR A R KF AP A M 5 ) BB
—. ARIBE T ERMICK T AN 65T AR B 2 o @ AR, AT B SR AT Al R AL
TR AR T ARG A R 0 A, FHE SR T R ALK T AR 0 4 F AU AT
MR, VA A AR KB R PRAR L ARG .

SR AR R G T AN BhoS; SRR 2 TR

Molecular Mechanisms of Schwann Cells Development

CHUAN Xin, WANG Liang*
(Center for Neuroscience, College of Medicine, Zhejiang University, Hangzhou 310012, China)

Abstract As the main glial cells in the peripheral nervous system, Schwann cells play an important role in
the structure and function maintaining of the axon. The differentiation and reverse differentiation of Schwann cells
have been one of the hotspots in developmental neurobiology in recent years. However, the molecular mechanism
of Schwann cells development is not fully understood, posing barriers for further research and clinical translation.

In terms of developmental neurobiology, this paper summarizes the molecular mechanism related to Schwann cells

development in the past two decades, in order to provide theoretical basis for related studies.
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drome, GBS)&FPNSHEE B 7t PRI, A SO HR I
ZAERSCs R BRI AL, B IR .

1 SCsHY % BHT[E]

4 22 185 41 g (neural crest cells, NCCs) /& ¥ HE 5l
VIR I I B 20 A, VR TR B TR R RE, 5
A FL S o 20 i, X R U 5T 4 T 5 R 22 T — (R
FEATHEPNS, A XA ZE 2 St (central nervous system,
CNS)EBE B EM L. /R K B,
NCCSTEM MR K B 9~10K(E9-10)7=4E, 25 HE [CAH f A
A& (Schwann cell precursors, SCPs) T-E12-13E %, &
AR 2 HE G4 Ffd (immature Schwann cells, iSCs)fE
E13-157% 4, mSCSTEE17-187r 4 T i, #2307 B 1K)
AR E. MR B EDFMEE, SCsHIRE FE
BT =B Be &%, MNCCsor 1L SCPs, 1t
I ISCPs# A i ~F, HLI& A B W (1) f oh 23 [A] . 2
R BEE AR, L Ak = R R BE S, ASCPsJy
e NiSCs, H AN S AR ReF dEgm . I
AR IR R 5, X i SCsil 1 4% [r] HE T (radial

Melanocytes

Endoneurial fibroblasts
Parasympathetic/enteric neurons
Chromaffin cells

sorting, RS)FENL (L Se AN Al f il 2%, 32 & A5 5 4%
I ImSCs, H A2 P BT ] 5 — [, 8 OR3P B4
E(E 1),

RSZFEEPNS K B L2, SCsxt il 58 7> ide H
Feid R . FERCIgIE], A B4 4 iMSCst 58k 1
12 H R TE B, T JC B8 2T 4E HNMSCs 1 S 50/ 1
EHNTRTE B, TR AN [R] B4 1 il R BEAT X 3, 9
PNSH)#F — K & 25 & £l RSZ Z M5 5 B
F A, WSCsN Notch Cded2FNFakFk K] B 5k 2
FEUSCsHY T A FEAK, FEMW 5 5l R Y B & B &R
SCs# H, #t M WRSH AR JHEX 4 & EH
1(Jun activation domain binding protein 1, Jab1)ff
DM SCs 3 B ft Al -7, e a8 4% 4 ) 40 £ AR
SUVE R A ) R p27kip 1 &, (2 SCs 7 AL 58 AR
J IR H 41 R B, T S8 RS SESG SO, Jab 1k
Z 2 FHRSHFEZAS, RSH BTl &5/ &
B MIIRER 58, MPNSIIER K & A R H E
HI1E o

TEMZ Z 45, 58 RSIHImSCs Al LL7E £ il [A]

Myelinating
Schwann cell

Krox20

Pro-myelin
Tooth pul| 11
0oth puip cells Schwann cell

Brn2

Immature Oct6 / O .
Schwann cell J Le"
Neural crest / el
cell AP2a .- - Sox2
- -
N-cadherin ~5@5= Dhh 29 P c-lun
= oS24 Py 0.93J|
—_, 3 ® =— LQ O Q 0 9 Gfap Non-myelinating
E R - qo S100 Schwann cell
D,
. \ > @) Axon
Schwann cell S D 9
~
precursor Sox2 S 3 Y \_) Cell nucleus
C-Jun
/
‘.) Cytoplasm
E9-10 E12-13 E13-15 >E17

AP RIS 1 L AR A T RS [ S A SRR AR ISR . S HE ERAT ML R AT 4R TR R I AT, 2 I T 9 S T ER A ik o S5 HE R4
JEHTARER 1 7= A AN BA R I HE ERAMA AL, B AT B oy A R AN e Y BB ET AR M . B A 22/ i e A s LT 2 B 20T
FEW AL . )5, AN HE QAN S A2 17 4165 534 Jypro-myelinating 55 HE FRAM I S A e 53 HE IRANY, pro-myelinating &5 HE FCAT Y
Ja By o BB T ER 2 . BRI T ER AR R AT T 280, 15 03 AT 3 g )AL AS A S L IR . ek IEWAH - Mk Wk,

A scheme illustrating key cell types involved in Schwann cell development and dedifferentiation. Schwann cell development begins with neural crest

cells. They later develop into Schwann cell precursors. Schwann cell precursors give rise to immature Schwann cells and other cell types including

melanocytes, endoneurial fibroblasts, parasympathetic/enteric neurons, chromaffin cells and tooth pulp cells. Then immature Schwann cells start

the radial sorting process. After radial sorting, Schwann cells alternatively mature into pro-myelinating Schwann cells that originate myelinating

Schwann cells in the following process, or into non-myelinating Schwann cells. Mature Schwann cells are characterized by remarkable plasticity, they

can dedifferentiate into immature Schwann cells. Black uninterrupted arrows: normal developmental transitions. Stippled arrows: dedifferentiation

transitions.

Bl SERMAEEELEMERARESE TR 1311EX)

Fig.1 Main transitions of Schwann cells development (modified from reference [13])
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TR N A 204k AiSCstY . EE B R B 4540
BFECLT . (1) B2 40, (B K 4 4h 0
AU R AZ AR, 2P IEAE20~30 K A BT AP 212, (2)
AW, IR . SEar gy, oy R E
AR, MEEE, MSCs¥g 23704k, 38 E N4 J& 1, R’
15 1 IG5 XM S Cs PR 44 28 Wi 284 ] LUt [ 74k, 7= A 38
BLiSCsfy R A,

2 SCSHRBER

AR 7 A B B B9SCHI BLH F BL T T 2845 &
PIHEAT X 73 (FR1): (1) /74 TSCR B A & fhrid
W, 5 4n#% 55 K -F-Sox 10(SRY-box transcription factor
10); (2) IXAENCCs [ SCPFIA (5 E4, 4G4k
H2a(activator protein 2a, AP2a); (3) R7ESCPs 3£
EWIRR B, 045 % % B 1119(cadherin 19, Cad19);
(4) #ESCPs &mSCs FAFAER IS, FENCCs B AL
(bR B4, an s 4 i 5 R &5 & 25 [ (brain fatty acid-
binding protein, BFABP); (5) 7E H At Fi Br Kb (K 5
AZRIE, IAEMSCs b R IE (bR S, WiS10085 4
4 £5 [(S100 calcium binding protein)*'4, L I 4%
SRR I B TR TAE# 1 — PR RPNSH K
B, D95 S 0l R R FH B 58 B R

F ol BURISCs i B 25 LU RF i B %6, NCCs
BCHABIT B ISCsAR EL, AR TR R T 55, K, 1IT/#
[FINCCsMISCPs X [Al — 15 5 X 1 A S NANR], i
HANCCsIT B i) 22 1k 1Y #% 3¢ X -FFoxD3(forkhead box
D3, FoxD3), BEW 7£ e 1 5 Jia 41 i 714 ) [] 1S 47 1)
BORpAMZIT A EY . HEl, HIENCCsK
B NSCPsHHH 2% 73 -1 LI 1 A B . 3 W100F 98 3%
BH, g 400 1] X7 T 38 BB 1 (liver kinase B1, LKB1)
i mTORCIHE Sl 2 5iiESCPsHITE &Y. 73
b, SCPsTE G & B L 1% o AT LA AE BiSCs LA A i) 4

JUT . AR R, B 5 IR IR PNS HHRERE IR F A
(myelin protein zero, MPZ/PO)FH 14 1) MSCs 1] LA £%
FEH RO MM, ARSI — P RIE T X A,
W R ER RS 5 S IR 40 A #6525 1 (Schwann cell
myelin protein, SMP)BH £ 1] X5 I SCPs/E fi 2 4 3%
A 2. SCPsAMY BE 73t NiSCs, w7 f6 N A
5 Bl A8 1B A 2 TG (parasympathetic neurons). 7 fi 48
JG(enteric neurons). & 4 2 i ffil(melanocytes). &
b R 5 G £ 4 Y (chromaffin cells). #1425 P iR A 4T
441 ffl(endoneurial fibroblasts). 1~ #&4H ffi(tooth pulp
cells)fE A B H AR A A 2R AURY il 1) — T 72 U,
NCCs )2 73 A B35 DL =AM B a4 Phist
FERE R IB0OE B ) Forb — MR DL S 25 1
M AL . IR AR R 2 A e i o A 2R A Y
RS AR, SCPsFiT B IE A A 28 JEC AR 1) 5 22
WP RE, FEM W A2 R E E L (neu-
roregulin 1, NRG1)%5 fll R MEAS 5ok 4ERF HAE A7
SCsPir B i R B84 5635, #k—H UL 7l )7
KW EFRH -, PRUEH AP, X 5 ME S
I FAEM AR SCs R EZEH . SCsM
S50y B B 43 W7 s AR A A BB AR L
AU 32 B 45 3 R A SCPsAH ELAE A RO 45 B 155
FHLH, )5 3 A A I L SCs 3l R
AR TR E IR

3 SCs& BHYBIEHLH
FEPNSIH R B, SCsHI b2 3] T A
Notch. Sox10. BMP2. NRGI1FIBMP47E I ] £ Fi
S AR, DL S SR, Sox10/E N E
I ME ——FF MNCCsBImSCs 4= i FE H FF 82 R 1
L, B HINCCs# ik, TEPNSHT [ 28 €6 25 41 i J2
FAR AN _E RSk ERIE, R TR HANCCsH

*1 AFSHERARSRERSYARESE XH14]12250)

Table 1 Special markers of in vivo Schwann cells (modified from reference [14])

ELERES TrEH
Schwann cell stage Markers
NCCs (neural crest cells) Sox10, AP2a

SCPs (Schwann cell precursors)

iSCs (immature Schwann cells)
pro-mSCs (pro-myelin Schwann cells)
mSCs (myelinating Schwann cells)

nmSCs (non-myelinating Schwann cells)

Sox10, AP2a, Cad19, BFABP, GAP43, Oct6, Sox2, MPZ
Sox10, S100, GAP43, P7SNTR, NCAM, Sox2, Oct6, MPZ
Sox10, $100, Krox20, Oct6

Sox10, S100, BFABP, Krox20, Oct6, MBP, MPZ

Sox10, S100, BFABP, GAP43, P75NTR, NCAM, Oct6
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S B e A o I FH Sox 1 0% B xS BR AT 7E
PRSEES, BB AT HAMI o E s B, SCPsA LA
5 44 e 5 A K B 93D, 3R B Sox 105 J2 J5 41 it /¢
B E (LR, Bt ZSox10F F/) B INCCs
B 2 ghm e A e, BRI — A T
Sox 1078 A RUME 3 i o7 £4H Jfa 22 4 1) 3 °7. B g 26
FE Bk 2K Sox 10 J& A2 44 1, WL %¢ #||ErbB3(epidermal
growth factor receptor 3) 1)1 T i, #£7xSox101] A
I IR FENRG 15 ErbB3 1 #H EAE F, K2 #ENCCs
ST U LA ™. BF AR W, NCCsUREPERI 2
JCR RN R B HZNRGAE . KNCCsHE T
TRANRE IR, W] AW EE BINRG 1A 1 48 TT i R & 2 40
i 7E F, AT R 1)1 02 0 J JoT 4 M 14 227, 7 AR S B
7R, NRGIH R 2 S EZ B AT K E A4, KA
NRG1Z 5l #ENCCsHIIT# i 2128, # B H i 4
IE AR A TR & R A AP T AL 5 NRG
R T ESCPs S H 4340 T i I S Cs B it KM 4 k2>,
F BINRG 1A SCPsH 5l A 2 2F 15 Y. 55 4 52 5
— BN T IX— W s, BEFRET I ANRG 1 REA 2500
SCPs Kk & A 0Y, B 2838 REAE 1 48 52 30 i 1 H1ISCPs
IFETECY. d IR 7R B, A7 T NRGUE 5 I % i
(1% 53 Rl F-MafZs 5 R 42 i m A o AR I 7 1) 5 2
J5 ST 52 R i Z IEINRG 157 #9420 B3R AT 52
46, 45 R OR, E14/0SCPs B & B 2 /b, $ /-1
NRG1 544X SCPs ) IE K B i 2 % B Z [ 1E
FHEO31, CLARKZEPI A 58 & B, K RUIHSCs 5 A
Y5 22 e 3 8% 5%, i 1T ErbBAM 41 771 BHL WrNR G 1/ErbB
W, SEEER A 2B, BT REW, %R
PESEH K B A B 299 15 B (congenital hypomy-
elinating neuropathy, CHN)A1 i & L 25 45 iE 1 BIE. 714
(CMTIB)RE Y i A TIAINR G 1A BT 503590 97,
FHMIAINRG A] BEEA1RITE /180,

FRNRG14F, Notch(& 5 K 7t 2 5 8 42 i i 4
HL BT BB, FENCCsR R85 75 1, 5NRGUE 53
L1, Notchf5 5 i % 1 52 il i Ji] JSCPs 4 4k, 4 SCs,
[ BN A 2 e A i, (R RESCsIETERY . % T2 Ay
HIF 72 3% B % S K -7 RBPIXT Noteh( 518 B 43 51 22,
T AE A S 86 78 2R 0R ) Notch ] B RBPJEE [R5 3% i /N
B, S CsIEIR T ik, Notchfs 5 150 /N i AU SCs 2
FIE K, $&7~Notchfs 5 2 5 i # SCPs 74k S Cs (1)
MFE. HE— W R W, Notch{s 5@ B AE A 24 I
SCPsH [JErbB37K -, HETM FIENRG1/ErbB3 15 5 id

HEIGINSCs¥E H P,

PNSH! [F] B} 47 7EBMP2FIBMPA4 % 1 il J12 )it 41
ML A B )45 5 R ¥ AR 4M 3R FENCCs, ] FHIBMPs
55 B BE AR S 1 I 0T A A AR ) R A |, ik
AR A 22 0, 0 IR X AL TR 8 0 IR AR B AR R OR
S0,

EPNSK B ILFEF, SCshk 1 52 LA L A5 5@ i
Iy 4 , I THH A48 7% - 3(neurotrophin 3,
NT3). [ I i Al (leukaemia inhibitory factor,
LIF). [ /REPEA AT B(platelet-derived growth
factor B, PDGFP). ¥ L/l (lysophosphatidic
acid, LPA)FJEE 5 24 A2 K K7 2(insulin-like growth
factor 2, IGF2)5% H 73 WATE B AE A IR 1R S 0 4E R
AR, IR e A K TR - 3 B SCs7E M 48 52 401 Ji5 47 8
AE, AT MM A IR R, 74
Jif 2 D2(prostaglandin D2, Pgd2)th 2 515t & A 4h
JEV R (1) g A

L SCsfRH 58 % B & Il S oo HoOR Bl H A
Al ER VR . SCsRIM & e LG FR2 0 71 B, TR
JEME I TGFBHRINRG X SCsI¥I3% FE e i i /B 1. HY
E191) A0 A KR 1B TTAL 3244 (TGFP type 11 recep-
tor, TBR-LI)%E DRI Rt [ /I A R 22 1R 47 5258, W] LARH
B EEBSCsH H D, 32 TGFBS 5 M2 SCst JE
AW, A E TR, TGFRl Y 5 2 7%
B B BAE A ESCs g FEM . /b B A sh 4
IR 5 SCsHIE R, SCsHMGH KT 235~ 5, it
—DRH, HiRXISCs K B A & HEAEH .

4 BESHE BHXS T

EPNS K B i fEh, MSCs & B ik th £ |2 80
I &35 e 2H RS ) B PR T [0, AR e e 5 0 K
RGIEFHTE, KNGS SN AE AL % T B .
FHIF T A &8 5 R i 28 B 42 5 6 4 5 19 Lo AE
(EPg ratio) >k & 7~ il 4 )5 &£, g ratioff [l i€ 7£0.68 /¢
Fi, HeAE e RWASCs R B T R 5L 1S i o8 B
RPE™ . JEEEREFLR Y, MR PENRG LI 4%
PI3K/Akt/mTORC 115 5 i 5 SCs_I [ ErbB 5% {4 £
A VATESCs I AR /IN, AT 508 5 il 58 TE B B 1
RARBER A R BUS, IMIAINRGTHE PR Rl 4 /N B A
oAl T W BRI, 32 R L i S B LR
AR, $27RNRG1/ErbBA5 5 i 8 i 1 42 MSCs 4
JELOR /0N, 3 T 5 e i 28 V2 FEE T FS 0T 9 R, TITAY
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NRGIHE(E i 5 B AA<1 mmf) /N E 4250 R 5% %
Ik & [1iSCs 73t AMSCs, R WZ(E 5l % S 5 1%
SCs[1 4 LB, MSCsTE 5 1) i 5 A2 5 Bt 2R AR 11,
PREE TG A R K A 2 IR A R 1 43 Y
R gl FoN B mR B I Na B [ S iliE B
PR TC MR A H I B E Ha A W A R el 58 P — A
BE R &AL T8N — AN B0 RS I FERR A Bk iR A%
5. XML S REA AR ER BT R
(A b, M = B AL 5 E; NMSCs L
GBI PR AR M O RE AT 4 EAR T B F U, T
HAARRT B LT 4E 4015, 75 LR - AERE 75 1
N5 00015, EPNSAK & il #EH, E181 K WG
R AT W 5% 2iSCs 5 R i B % B R, HE 2 H A
JE3RA MR RERW IV K E . CATALAZEPT
SF, NRIEREHART20 /8 Jf oK B BE4F 4, B P
21 A MR FAERE AL I E, I8 LIEEZ G R
B, AREA BRSNS . FEPT RN,
DA NS5 98 TT R A R A A O 58 IR R AR 5 ke
f): 2 A 2 F1PMP22(OMIM#118220) (1) % [X] 52 48 7]
RE S EUHEE ML ZEFIE 1A R (CMTIA); b BESE 1
H FIPO(OMIM#118200) 4 [K 7848 ] R 5| ke e WL 2
45 E 1BIE Y (CMT1B)PY; 8 85 4 5% 2K H S-periaxintt
IR 2745 1] it S BUHEH L2 4 IE4F T2 (CMTAF) ) %
ABY, I LA R AL R B, A A K R T RA R R
T BUB A BN F A4V A (hereditary sensory
and autonomic neuropathies, HSAN-V), 3 8l A% 4
PR A T B AR,

R KB T R, NMSCs i 5t L 88 T A %2
JEA L [ 5B 43N 1143 I8 v 4 48 JE iliremak bundle.
NMSCsift £ #f 53 1 55 M 1% 52 88 & H 10 26k #f &
AU FEME T YR, KB R %
BDNF. NRGI1. NT3MIGFs%A(5 5 K7 HIiH %
/N R FEAR T K DR 9T 5, HRIAFINRGI
IKPRAR, T LAVELSE /N 1424 58 (I SCPs A 2 I B {2
HEEE AL A DG A5 5 R B, AT SR B, D
CI A2 fh 22 21 4 41 i R 1) J2 60% B (-2 1 L ) 2
FIBEEA T JAEDB2, 3 1M X TIIAINRG LR BLiE H,
IR BT 1R/ AR ) S B H S, Bl
W 53 ORI T — ARk 1) B2 S Cs, 7 RIHL
A T P RO THT RS A A FH PO

TEISCs H A7 7E 38 73 90 il B 40 A= B A5 5 J g, 1X
e {35 5 % A R AR T I R, R B AR R A B

D) 30 P 1] 230 AP 58 26 B, c-JunZ 2 3 B (c-Jun-amino
N-terminal kinase, INK){5 5 1# #§ fEE18/1SCsH -+ 43
TR, PUE 5 30 B 0 B0 75 2 Ak SR M (NRG 1
TGFB, AT LLANSCsTLiEBE 1415 T il % . W9tk
L, INKAFE 5 38 B (K #e s K] 1 Krox20(early growth
response protein 2) /5 2/ # [¥1JE B, SCsHI# £ 03k
Rr Rt F2 b, 0 B4 I Krox 2088 3 R 7 iR 45 2 BE
{55, INK(E 510 B it SR i R e VR 3R THRE A 2L R )
RIEFT, HINKAE il E 2R, Notch{s 5B B ESCs
BB AT RE A R BESCs IR 3G 5, (H7E 8 414 & A i )
B, 25 BH X NotehfE 5 B0 /E FH, SCsTE R i
A ) 2R R A rh TS, e S IR T Sox2 [ Pax 3 7E fifh
A2 R SCsHh =y 1A, Sf 3 Bl R 2RV, T £
BERE A S I SCsHIRFRIA, X Rl I T B F i /F
FHPR, 28 50 e SCs 85 7R 5036 3 01, il SR ME Y
ATPH, 23 SE S 88 55 A B, 0 Fotg 4 i /E . (8,
il 3 1 R AE 7 O R A 18 O () R, PR IC B FE
Skiv Krox20. Brn2. Oct6. Nabl/2FIPI3KTE 4 [ 41
i Rl AR BORE OG5 5 B R IE T,

5 REMRE

BHF TAE &A1 1804 /i 25 — X K BALSCs, 20
ERTXSCsHI K B RGBT T, IR B % /4B B
Firb A (4 B 2R A, I =R BISCs 1 T Bk B 1 52 4
EFF R TR . Bk, BAOSPNSHSCs K B 1
INFIIZ TR, BOR B HNCCsIE R 7 fL MSCs Al
NMSCsHI K B id 2 % 2 fifs 5 i, HE Nk
BB R im i A 2T . SR AR Rk
TIAE X REHB ORI T NS 5HIESCs
RE WG5S T, V6 1R 2 5 M MR, 11SCstz
I HEF IS AR BT AL AR DS 5 B, SCsH M4
I B OO 1) LA RS . ACE B TR AR &
GuATTHI L T fRSCsHI R B I 2, 1M T R SCsHH S 40
RN I o
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