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[ Abstract] Hair follicle mesenchymal stem cells (HFMSCs) are slow cycling label retaining
cells with self-regeneration ability, high proliferative potential, and multi-directional differentia-
tion. HFMSCs can induce and promote the regeneration of the epidermis, hair follicles and seba-
ceous glands. HFMSCs have important advantages in regenerative medicine because of their abun-
dance, wide availability, expansion in vitro, no genetic manipulation, no tumor formation and no
ethical restriction. The synergy and antagonism between Wnt and other signaling pathways such as
Shh, Notch and BMP signaling pathways play a crucial role in the regulation of stem cell homeo-
stasis, epidermal development and hair follicle regeneration. The dysregulation of these pathways
may result in hair loss diseases or skin tumors. This paper summarizes the classification and some
specific biomarkers of HFMSCs, and discusses the induction of HFMSCs and the biomolecular path-
ways that affect hair regeneration, so as to shed light on the treatment strategies of hair diseases.
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FLEh P Y B IR AL & = B FRE B =, U 4E
P SR IRRIB RN R B, Hoh & A Z B0 AN R 2R T ) 2 hE
T o AR T B S MBSk 1 A TSR T AN
FARCE A TSR S AR 1, BR o B 2 R) e T
A ( hair follicle mesenchymal stem cells, HFMSCs ) o
HFMSCs j2—2RHA B I ERE Ty m B s aE . T 2
T 434k FLK I = B 48 A s R i = s diok B &
PRI A BIET 4 (hair follicle stem cells, HFSCs) I
T AT 40 (epidermal neural crest stem cells, EPI-
NCSCs) , 3¢ H B FL 3k BFL 3k 4 it ( dermal papilla cells,
DPCs) 1 57 Jik ¥ P 57 14 40 }fg  ( skin-derived precursors,
SKPs) ) B2 41 ity - 41 fia melanocyte stem cells, McSCs )
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W PIFP SR B & T 4 M (% 2l 48 , HFSCs 1 DPCs 1)
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Figure 1 Expression of stemness related genes and localization of the mesenchymal stem cells in telogen hair follicles. Hair

follicle mesenchymal stem cells ( HFMSCs) include hair follicle stem cells from hair follicle bulge, dermal papilla cells from

dermal papilla and keratinocyte stem cells, which can form epidermis, hair follicles and sebaceous glands, and help regener-

ate epidermis after injury. Hair follicle mesenchymal stem cells reside in different hair follicle parts, such as interfollicular

epidermis, infundibulum of hair follicle, sebaceous gland orifice, hair follicle upper bulge, bulge, hair germ and dermal pa-

pilla, and express specific molecular markers.
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1.1.1 CKIS CKIS At H AT A B &R T4
BRI S Z — B AN AR T — &R0 A
JEH ANk i —F T AR . HFSCs fEB KA
W& B BeAB R ik CK1S, CK1S #7712 FIPE L
R HFSCs f9AE bR . H &R TR CK1S 14t
WA WA : C8/144B F v FEHTR (e W4 th REFF XS T 41
NI E CD8 IR Ik, Ja AR M FE R W e - 5! CKIS 1y
L ) F1 LHK1S B yg pedifA (—Fgtxt CKIS Z kb )5
17 AVEAERR Y s BEBTIR) . C8/144B B s BT (AR
Je e B RERE S0 A TR AR L, T AN 25 e £ FLAth B R P
FEANHE . 17 LHKS BT TT LA (0,55 F2 ol 3 DXl A K 4>
FRA P BAREY (outer root sheath, ORS) , {HARH T 41
J#l.

1.1.2 Lg5 Lgr5(leucine-rich-repeat-containing G-protein-
coupled receptor 5, HFF N Gprd9) &=—M & &= AR HE
FPAliZS Wit {5 5l #5019 G & EEIKZ A, C i &
NBETHIEAREY, ETERER T M B2 P AR
ko LS TEBRAK T RPMBNSBREIES K E DX
KT LS T AN 7E T A K ) B0 O I, 7R A
BRI h A Rk /DB I BRI A K b R 5
ZAEM . AIFER W] LerS ™ HFSCs JE M i 6 46 A KR
IR05 5 2R — N30 B T 4 LR, $278 Lers 2 LASK S B
g

1.1.3  CD34  CD34 Al —A 5 WA 40 i dnic 9,
Je NEHE I T AR T AR S, BT 400 - Rt 40
JL AN e T A A 2 AR AR i d ik CD34 . (EAFTE R
J&,CD34 7e/N AR Z 0] 1 3R 3K A 22 5%, CD34 7E/)N
BESANM e e PR R 0K, TR 0K T AR B RFER T K
ORS™ , $7% CD34 A LI Ay/IN U 5 T 41 M 5 S A A
W, AN 511 AZE S HFSCs HUARICH) o

1.2 BF LU (dermal papilla cell, DPCs)

BN R B R A DL BRI 5 —
T T4 g s DPCs, DPCs I T H L2 , S —Fi e ok 14 1]
FERCTA M, 7775 T BRI AR AY B FL K (dermal papilla)
Ho TRIEBEERME (ALP) J& DPCs MR OAR S W, 7E AZE M
INBRE PR b, R IR S DPCs iG A OC . Ak, 7E
DPCs WS o — UL E B Z K S E B 2T 4E
B 2 REE 1 RAE (versican) | 22 2R 4 1 ( cor-
in) 1 CD133 ik ™ (1)

BN T LSRRG, BERASHAT,
T4 N AR DPCs F1 LB 40 M 7038 B A PR B8 45 1F T
AL S BER AL . $&7R DPCs 55 R G0 AT LA A1 5
T AR MR D5 4 B 5 T 4t it ( 220 HIFSCs ) 14 58 F1 B 5
JEE KRR K, HFSCs 5 DPCs fE k41 Al K
PHg o RAFRY B RIEAEBET, EATAH EAE L BE
e E TR P AL VBT , X L] HFSCs 5 DPCs &/ 2E 58
R B PSSR BB < b T R B R AR AN T
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HY L0 Inv) o X FH KSCs TE4EHF R BT AR RS
bEE LR

FW A = A~ KSCs b, 43 512 B 2 (1) 32 J 9 BE R 2
BRI ORS DL KX AR, fEBRMFRELMEIIREZ,
KSCs B I H 42 /5 Ak B 5 4% 20 1660 6T, 5 o) 384 2400 1 oy
KSCs (AR 7742 W KSCs 1) o6 $& 45 E ik
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AR T LB 316 B 45 KSCs'™®' 15 HFSCs 9%
M 5N R] , KSCs {5346k £ BOR A4t i
2 HFMSCs 935K

HFMSCs 7 HAE fii ) 268 K 22 J0] ] AR AR T 1k 00
BRI T LA SE e AT, B4 5 B —
A AR A K GRAT AR ] FEAR R, BES R T
MR AE S AL A AR (22, TR
TAnAE . T R A T AR R RS, O Bk
BN, 1) b FE Y AR 2 PN B AR O AR A B
To BEAGRATH, B TN A A A T, BRI  TA0
[ I 8% B B B R 5T DI, Jox 6 40 i 14 5 23 PR TR R B B Ak
Jito TEARATIIAS AU, 3 86557 1 B AL B T T R A
—ANBIRESE AR R IR — N R —E
ZE RS — A DR S A O T e 2 R Oy
P — B0 A B A B2 R SR A, AR IR S B SR
B AL, IS4

B HFSCs J2 T — D BE R LEITR. B
Fellok B LB FL 3k 9 DPCs W ANMLAR 5 , ZEAR R w0
REZ< T 4 HFSCs mis b R AEE B 2F I L JA . HE-
SCs TEPR 19 PR 455 3 RS, 7E R 1139 ) 2F K0T 3
FAN AL H B 8, 0 A & B4R A in ™ . B
R HESCs 24 KRIPIF IR 385, AR BT I T~ — B2,
TR FA SR PR 1R AR A . HIFSCs 108 B2 ik S M
BB R 5 5 A5 T 2 ZUH A B AR 25 AL, TR
Ik BRSNS B BOy A S A BB B 5T
LTI T
3 ATEREAERTHRBEUNEN S FEE

HRzFLk BEFMIBER Z M T H AR R A B
AN BRI R AT Wnt, Shh Notch
PSR R 1 (BMP) 752 B AR -5 18] 76 52 40 g 2
AR AR o O B b &8 Wnt iR A8 ) R 2 0TS 2
FHRHABRENAER IO BEKIEM,BMP (525
BRI KA HFSCs BYPRFRFTA: , Shh 5545 i B2 1Y
FHAE AR L , M0 Notch {5 5 W o 5E T 40 Ml A iz o X 3%
] Wnt 55 Shh Notch [z BMP 54555 # 22 [ () by ) A1 435
PO RAE T AR AT R B M B R A A &
P2 CH EAIE A, X SRR R P AT RE R BB R AE K S+
7 (VR PR R BETE ) 8 B R IMRe 9 & A
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3.1 Wnt/B-catenin {5518 %

Wnt/B-catenin {5 5% G2 ek HFSCs i% /L IF 45156
PR EEREREZ —, B0 USRI H LIPS K
B LI YA A A S Al GRS IR PR A R A AR K
AT, W52, WntlOb ®] L i3 Wnt/B-catenin {5 5
AR B KR DPCs BT Wt FRPAIR D5 Wit
1 P02 3k 84 2515 5 BB 28 R I 9 2R O O S SOl
J o HFSCs H1i [ 530 Wt {5544 SR 4 5T 40 i
IRERT A5 1), Wit/ B-catenin Ji /& 6 %P 738 K AR 2ok 72
i PR A S
3.2 BMP g5k

A p, HESCs 47 B Z 2 BMP {5 59
JEAREET o R AR, BRESE PA B I A1 AR 00 L 43 s KT
1) BMP6 I RGLT4EA M A G PR ¥ 18 (FGF18) , LB 4T 4k
R BMP4, BT GBIg 107 40 M 2% 35 BMP2 , ixX 2614 4
AN S HFSCs 5 BARE . MifE 3k 1k
WA, B0 2 MR 2 FRAIR BMP (335, 70 WAk 8
(Noggin, j& BMP {5 54& 5 A M il 77, 54t BMP 4 5
i) B-catenin I /E A ) . FGF-7 FGF-10 1 TGF-B2, T I
BMP4 Fil BMP2 ; DPCs 3:[4] HFSCs H1 1) BMP {5545, JF
JI Wit/ B-catenin {55153, 2 BEAE R A 2B, i b
ZERARB I B FL K A BT b, DU B B AN 2 R A
R AR B LSk 40 1 B 2 T AN LS KB R
A b B

TER L KBRS, Wt {5518 30 37 s U [ 2 15
SAE R AR, WOIE HFSCs I )3 3 B R A IR B R AE L T
BMP i 25 8 Wit 3035 245, Wnt-BMP 5538 B4 ) J2:
FEIRJZ A TOE AN & B 0 B % A K B 3 2 R 06 75 1 A
—%‘%29] .

3.3 Shh(sonic hedgehog) {55 I

Shh {35554 5 S Wt/ B-catenin {552 S 10 F il 34
Shh wJ3d Ak F A E R SRR H R B R A K I kA
E4 DPCs 5P BB /e A KR Gli2 (glioma-as-
sociated oncogene) [T, Gli2 £k Shh {5 53 B& 19 o 8] %
ST PR 2 S0 A DR A A s LA G B
RS e e SR B M R R A DG S T, Shih 55 E it
AT T S L T AN A A B R B A RS .
W9 & IR Bk 7 B WURI S I T i — A XA 4 A 240
P71 HFSCs 1% 3l , HFSCs 141733 Shh {5 51457 X Ff
SR - B 2 IS LI TR B, 5 BN B 2 Y T
A R Shh {5 5] LA HFSCs A8l 28 S, 4
FrxXF & - T4HMAR BAEH]

3.4 Notch {553 %

L Wnt #4213 Notch %3k, Notch {5 5 7E 2 F &
A A R RS E R A4S T A0 B SR A e A
Midiriz ™ . fE BN F R (IFE) (U7 — BE 35l ST
AR ST B-catenin, 17 Notehl = 32 76 40 Ly K i
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FJZEthERiA, Notch SZ4A 5 KBRS G 5 WS HFSCs, {2
PEBRE M I 1 A K ik, 25 B R R
Notchl X FIRMG & At b St A G B R R T 5
RS AEFF 2 E L BRI Notchl 23 FEUE
K394 5 A Bk AGRATHI . Notchl #E¥E &5 B4
[6] 3 fz o Wnt/B-catenin {55 FiH, ¥ Wnt/B-catenin {55
WO FRAITE R B FL K2 o PRI, Notehl d3 7] USR] Wt/
B-catenin {553 4 , Wnt F1 Notch {55 2 ] i) 5 [ Fl 45 1t
PERMUT- B T Bz Ik 12 A0 i iz >

4 HERRE

HHIEE B B AR ] PR 22 2 R0 1 5 5
TR S 20 i A o A0 20 M B 0, DL AT S BRI
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WO AR . B B A 2R M e T A T 2 5
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