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Recent Advances in the Role of Wnt Signaling Pathway in
Hair Follicle Formation and Growth Induced by Dermal Papilla Cells
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(Department of Stem Cell and Regenerative Medicine, Daping Hospital, Military Medical University of the Army,
Chongqing 400042, China)

Abstract  Treatment of large area alopecia is a difficult problem at present. /n vitro culture and transplanta-
tion of hair follicles is a potential treatment program, but there are few successful cases in clinical practice. The reg-
ulation mechanism of hair follicle formation and growth is very complex, and it is difficult to simulate in vitro cul-
ture. In the current research, hair follicle formation induced by hair follicle papilla cells is the main method of hair
follicle culture in vitro, and Wnt signaling pathway plays a core role in the regulation of hair follicle formation and
periodic regeneration induced by hair follicle papilla cells. This review summarizes the recent studies on the role of
Wnt signaling pathway in follicle papilla cells induced follicle formation and growth cycle, and the new methods of
hair follicle culture in vitro in recent years. It is hoped that in vitro culture combined with different culture methods
and regulatory factors can provide new ideas and basis for clinical treatment of large area alopecia.
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BRBAE X RA BRI EF A, AdEHT
BT A B R H I B M, B KT AR R Bk &
&, MHUEATHEAT T — KRB SF B FERT IR (hair fol-
licle, HF) )55, {H D i)t sb . BREFL K4 b
WEWIZE B K & ME A K AR o AR
M. V2 oFiEse, il B BRI L3 2
B A S IR A AL B A IR AR 1R B0 H T
FH ST BRI B BT RO NIRRT
o) AR AN Sk B 6 S 3L Sk A0 vh s 5 S D RE e A
MIEHEC, BN, BREREY LIE S0 Tl
FRECAE A, N H AT 3 BT L 5T
ARARF S, R TRSMNEFR BRI AR, B
ERELEKZEEMPE MMz, A2 K%
5 IEK, BFE Wt B TERUE F (bone morphoge-
netic protein, BMP). b4 K A ¥ -B(transforming
growth factor-p, TGF-B). SHH(sonic hedgehog). %2
35 AL B 1 5 (mitogen-activated protein kinase,
MAPK). Notch. m£F4E4H i 4= KK ¥ (fibroblast
growth factor, FGF). Jak-STAT. MR SA%L A (tumor
necrosis factor, TNF). i 5 Wt LEE 390 /25 (B
B(phosphatidylinositol 3 kinase-protein kinase B, PI3K-
Akt)ZEUP1 Hodr | Wntf5 58 BB A & HE H A
AIEGBR ), HAE BT F M A KSR T BA %
ORI AR RIBIE SR BT UMY, Wntf 5 3l i %
BT (LM Wntf5 5 1H %) B-catenin®k 124 &
PRI SIS TEAME S D RE R B ER 1, AL,
Whnt/B-catenini& /2 # UE X TF40 2 e ik #3E
KEMALRHAEBEAEEZERHN . Wotll B0
N BRI KA B 1, HE 2w sk
R R B AN E A ANEH R B A2 E A2 R
T-«kB(EDA/EDAR/NF-kB){5 5 1t i & H V2 1 UL
Wtf5 58 R AN 2 5HER T LR AL, &
TS IR R A BT JLAE X B Sk
MIAE S T BRIL R A KRR WitfS 5 il B 1
I FREHR T o

1 EENGENL,. ABERBEERE

BREH A A . BT AR
. FEREZE . MRS B R SR E R
FL KN 25 25 AH 2 AL R B Rt (BT 1) HF A
J% .3k (dermal papilla, DP)H4H 43 5] B 1A i 3 4
(placode, Pc) M1 EL i %t 25 W) (dermal condensation, DC)

kTR . Foft HF 40 A i) 08 R G R AR 1
52 B AR B I TR RS TR ) . BRI AR AR K
By BB S e R AER BOM g AR B .
PAULSS UL 38110 L5 8B B, NIVED-
ITA SAXENA%E MR BRERT RN MRS 0 . %
WIE R 7 T bRl . BEAERME 5 TR B
Wy TIABr B (B, Frr) 0 2RTER T TR 16
P AR S E E ) 7> 755, ek Wt Ab
W& B A48 H (ectodysplasin A, EDA). FE A
AT 2 21 B 2E K X T~ 20(fibroblast growth factor 20,
FGF20). BMP{& 5 {E BRI TR H L.
FGF207& DCIY i B 4% 5 2 (M — S %5 58 1 1 JE
{55, DCHIZR BT FGF20 T HI 4N pi £ A 3
SEMA R LI . SHH /MR AT A K7
A(platelet-derived growth factor subunit A, PDGFA).
TGF-pf& SAE BRI FL RN 7 S Je g H 2

BGAE R BRI, HEBER B K
WL BATHARAE AU, R A SKIERUE , 15T
P RE S P RE 56T, Kb Um0
PN AF G ZA M) — RV R DRBERM
HBAPEDE A 75 2247 T 4N (outer root sheath, ORS)
BEENPTRBETANR, BAE, BRAELAEK
FAEER, AR —EBERFERHAEF 14K M
Ja BRI NI, BRE N U7 2/3 X 2R AL, R
RN TR RES, BRI BRI HDP
AR NEFN T e BEAKF AL
W, WA R AR 2 R R R R LB, B
FEHEN 1B R MR, B T4 M RE e AL T
Ji OR SN 13 6 B 7 A= 1 55 o 4, 356 Joid 24 i 44 3
I a4k = A2 B T AT AR #Y (internal root sheath,
IRS). B MEFHIF LI R RREE LR, (HZ 5 )
BT DLRRSE 3~ DL b (R 1) NRBRAEKN
FR8: 2~84F, LI B B R AE KR ER , 1BAT W1 RRS:2~3
J, RIEIZI N3, SR T IRA BRI, 5
AR B K.

2 Witl5S B REHELIE
Wntf5 Tl 2 — N RN, EadE3
N3 S WntfE SR, B Wnt/B-catenin{s 518
% R ILE 5 IE B%, A4S Wnt/PCPIE #% (planner cell
polarity pathway)fl Wnt/Ca® il %, £/ Wnt/Ca*"iff
% HH Wnt5afl Wnt113035 2. Wnt/B-catenini& 12 #
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WEM AT LU R T4l 2 ge b . 48 B K B A2
P, S BRESKAENESIEEGEEEN, 7
ek, T BRI LA (dermal papilla cell,
DPO)AE. BHAEK, BLATAREE, T%. o
g E A M, HAE DA 5 Hippo. Notchfl TGF-B
PR RN, 5 XK F A KBS Sl
EHAFIFEEE RO . Wntf5 5@ BE B 5 PUis, )i
W ) B-catenin 55 25 B IR LB B -l &R O
B[R 4 BSOS (APC-Axin-GSK-3p) 45 &, iR+
1(CK 1) AR 5 A B 4 3(GSK-3)f# B-cateninZ 3
At X IR AL )5 B-catenin T 4f B AR , 12 2 J2 il
E3(ubiquitin-ligase enzymes)H B-1% T B & A &
(B-transducin repeat-containing protein, B-Trcp)HE i
W Iz Z A RE R ER 1L 5 1) B-catenin, Wnr¥E K
B THH RN+ 2K 4% T 2 B U1 14 592 [K -+ (TCF-TLE)/
Groucho M2 5 1 25 LI AL (histone deacetylase,
HDAC)#I] ; 24 Wntf5 5 BALHIE R, Wntlicik 5
5 A (Frizzled). LRPS/LRP6ILSZ 4K 45 & 0%
HUEL 2 E (dishevelled, Dsh), Dshifyib b 5 £ B i
454 % M (GBP), GBP 5 APC-Axin-GSK-3p4i &, il
H LR AL, A8 AN RE P AR 5T N 1) B-cateninti
L5 B-catenin A%, HUA TLET 5 5% 56 DA 7~k B2 4

SR IK T (LEFYTCFES &, 155 M Al 82 B R 7
CREB&S & i 1 1 Brgl S 4 B30 X1~ Bsl9 A Pygo,
BOE T AR LA (c-myce. cyelinD1. MMP3%5) i3
ik, Hodt c-myc Ml cyelinD IR A1 73 ZF1 A2 K 2 5%
2 (K 2)22, B-catenin £ [ /2 M7 5 10 4% 11 #%
O, TEFEAKIIN . & BE5T 20 MR SN S 4 i h
FARIA, 1EBTET 40 M0 S ) o0 ke OGB4
FH 24, B-cateninfE fli% N 1) € 42 /& Wnt/B-catenin
15 5@ BRI B OO, ) BE 5 5 AR B 1 8RR
¥ (glucose-induced degradation protein 8 homolog,
Gid8)nJ il i 1 i1 B-cateninfE LK% P 155 B4 IS (1) 1717 $2
= A% N B-catenin/K - 21, R4 57 75 14 B-catenin
Rk 2 FECR R A 2 (0N B 28 A 1 2R L P,
BTN, BTN BRI R A 4E 40 i B-catenin
() _E AT 0 T AR B R R AR (R BAR R DR A £
—Z P Wntfg 58S AN VF 2 s B
520, Norrinse 5 240 N\ 4 i 85 1 3244 4(frizzled class
receptor 4, FZD4)1FF R LA, FZD45 LRP5/64H
o, ik LRP5/6 &% 4% 1E H ; R-spondin# [ (Rspo)it
454 LRPS/6F /805 H (Fz) 52 A A5 /E . Wntdll
il 25 1 (Wnt inhibitory factor, WIF)F15y ¥4 thAH ¢
K M (secreted frizzled-related protein, SFRP)E.#% 5
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Fig.1 Hair follicle development and growth morphology (modified from the references [17-19])
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R1 ERLBREKIEARSERESE STk 17-19]1220)
Table 1 Hair follicle development and growth period morphology (modified from the references [17-19])

BERE MEKIH W Beoy 39 BEEFEKRS
Hair follicle development and Phase in The state of hair follicle development
growth period installment
Hair follicles in the early Stage 1 Extensive unknown Wnt signaling activity in the upper dermis known as the “first dermal
developmental stage signaling” is key to HF induction
The upper dermis transmits the “first Wnt epidermal signal” to the dermis, while the upper
dermis transmits the “first Wnt dermal induced signal” to the epidermis
Stage 2 The epidermis above the dermis appears placode precursors (pre-PC)
The anterior substrate cells express Wnt10b signals
Stage 3 Aggregatedpredermal condensation (pre-DC) is formed in the dermis below the epidermis
where pre-PC is located, Pre-PC highly expresses Wnt10b signals
Stage 4 Substrate formation in epithelial cells, pre-MX in basal layer, HFSC precursors in upper basal
layer, and aggregation of DC in dermis. Pre-MX expresses Wnt10b signals
Stage 5 Hypodermal germ appears in the epithelium, DC polarization occurs in the dermis, pre-MX
expresses Wnt10b signals
Hair follicles in the late Stage 6 The downward-growing hairs consist of MX precursors at the leading edge and HFSC
developmental stage precursors above them, and the DC begins to be engulfed
Stage 7 HFSC precursors remain in the upper part of the outer root sheath (ORS), and the internal root
sheath (IRS) begins to form
Stage 8 MX completely engulfs DP, internal root sheath (IRS) reaches the hair disc, hair stem generates,
HFSC is located in the carina, and sebaceous glands (SG) begin to form
Stage 9 The tip of the hair shaft leaves the inner root sheath and enters the hair Canal, and the DP
becomes narrower
Stage 10 Hair shaft further grows in dermis
Stage 11 The hair stem extends out of the epidermis and the hair follicles elongate to reach the fat layer
Hair follicle cycle growth stage ~ Stage 12 After birth, hair follicles continue to grow and produce hair, which continues throughout life
until 14 days after birth
Stage 13 The lower two-thirds of the follicle degenerates and the remaining cells form hair buds just
below the bulge until the DP at the bottom of the follicle stops just below the bulge
Stage 14 Hair follicle development into the quiescent period, with bulging and hair bud stem cells are
activated by the dermal papilla, hair follicles into a new round of growth
Stage 15 Hair follicles enter the growing phase

43U I Wts Fl /8% Fz45 & ; DKK(Dickkopf) Fl1E fif {4,
% (sclerostin, SOST)/WISEZ 45 & LRP5/6 1k
Fz-LRP6E &K ; ShisaZs [17F ER T4 3k Fz, {i
FzEIAA T 4R 10 2. Wt [ R0 1703 B
B[R Wisififz, b B A ML DRV Rk WsHI ] 1 B R AR
TR, 98D T HERbR L A K % B-catenin ) ik
B-catenineik FiAE bR EEOE R, (HANRE JE Bl LR
FLL AR Y. JEZ It Wnt/PCPIE R 115 516
Y . Wnt'5 FzIR 45 &% 1 Dsh, Dshiiif Daam1
5%, ¥% Rho GTPase, B{# ik Rac GTPase, 3t
WOE INK, M GTPase#B 23 5|t 40 i f 22 224k
Wnt/Ca® Il (1115 5 1% SEEE N : Wit-Fz 45 & il & B
Jig M C(phospholipases C, PLC)#i% , PLCFH J5 7K fift ik
Aok LS 4,5- X018 PR (phosphatidylinosital biphosphate,

PIP2), /=4 =R LB (inositol triphosphate, IP3)Fl
A H I (diacylglycerol, DAG), P33 £ 41 i P 45
(BT, T0E £ 1 2 1 08 1(calcium-cam-dependent
protein kinase 11, CamKII)F1 & A C(protein kinase
C, PKC), CamKII#i% T4HAEA% K (nuclear factor of
activated T cells, NF-AT)?*, Wnt/B-cateninf5 5 it 4%
5 EDA/EDAR/NF-xB15 5l i /2 i 0 BRI &
g A R R 45 AR B ) 2% 08 % B2, Wnt/B-cateninfs 5
IE % 2 NF-kBIE AL BT T 1), EDARSE: Wt B
H: K. Wnt/B-cateninfs 5 5 W] 1E ¥ 9 E & Jid 3
WE , EDA/EDAR/NF-kBA5 53 14 1 Ji A< W7 ifd 15
Wnt/B-cateninid B 135 14 B 2| B REEHOR B 15 #.
Wnt10bA1 Wnt10aff) J& 5 I 4k 7 2 NF-xBf5 51l
%, H.Wnt10b&NF-«B) EHHHEFR,
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Target gene

[E2 Wnt/B-catenin{5 518 B HIE R B (R #ES 5 ST [20-22]11£20)
Fig.2 Schema of Wnt/B-catenin signaling pathway activation (modified from the references [20-22])

3 WntlESBRIEHEEIULLENHE
BST

%5 il A 9% 8 1 1 (secreted frizzled-related protein
1, SFRP1)n] jd ik 1 1] A 8 2 3k &8 Wt e 44 75 W4 1
F I Wnt/B-catenin{s 5 18 B viG 4, 3 1M #4701 B T 1Y
KMETMEARE. KK KF26(Frizzled6) 2>
BRI IREL T BUE R TT M B, R )R
H A B CR672C H.AE F K1~ 1(CR6-interacting factor 1,
Crifl)n] 5] &2 Wnt/B-catenin{ 5 P, $#| BT &
(R AR, Crifl s — P &R0 P AT i 15 SR04 AL 1
A2 BRI & R E0. B SR ER, 12-0-1 DU ke
b % B -13- 20 B2 16 A€ 18 ik 30 Wnt/B-catenin {5 5 il
PR /D BB T R A R A, (kR B, Wt
EDA/EDAR/NF-kB. TGF-B/SMAD. BMPFISHH:#
PO RIS SR M k. BEET- 4 (hair fol-
licle stem cells, HFSCs) & i T~ EEER L EA HIK
SEHT A AN 2 1A 2 A0 RE B RO T4 Y. LEF-1
SR IS B IR/, A SR AN RE A il N4,
EFEH Y0 EAR GRS T Rt ER A I, (HAN R
PR R R, (ERE RN B R R Y il R IALEF-
I, 2 FEEFHE AR L ANTEEE. BRI
B-catenin NI EFE R (Hr)W) T3 K, B-cateninii [
/0N BB 38 T 40 M 2> 2 Ak R 5 T I 4 i, ok B R R

00 000 £ J53 TR 15 240 6 AEL 20 1R T 23 Ak R 2 B R R M IR,
FENRFNR A B — B R AME, TEHER
RAF S G LB c-myeit Wntfi5 538 B T I 48
A, B-cateninZ: 5 M\ B & T 40 i B F2 B - A 40 g
(transit amplifying cell, TA cell) {15 1b i #2, 1X &
B-catenini® i c-myc il 77 B ZE 41 19 /3165,

4 WitlESBREAEERAHBER
EaF

B HE FAE R B 5 g b ER g N B A K
Wt 3 1) B K A & YEFF 2 BER AL B-catenin
A E, ‘B 5 TCF/LEFAH BLAE FH 5 A S A AR AL
A AR R R S oS . EBRERE T4 i
Wi p-catenin, SANH| BREEAAK, QR SR wis, W
SHMIMBRIAD . REHEERI S, HEBEEHE
A 1O BEET A (HFSCs) Wi N I 2345 5 )5
G4t REFEUE B miRNA-291) % ik # ] HFSCsit
FRIERE, KImiR-29a/b17E /N B K AE KB 1
T e R 4 S8 308 AT 4] HF SCs A 58 5T 41 i 1) 185
VA ok, SBUEBRMMK , Bk 3 AR B
A & A 32 AR FH ¢ B [ 6 40 55 [ (recombinant low
density lipoprotein receptor related protein 6, Lrp6)
BCE A K EE A %K 1A(bone morphogenetic
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protein receptor type 1A, BMPR1A) ¥ @l 4
ffEfE T BRA B, miR-218-5pF1 SFRP27EIEAT
BRI B R B AR B AE ), miR-218-5pfe it T &
TWAEK. 77WEih & B (SFRP) K IRAEN FLa4)
FAE SN EE A, BA125 T Wat/p-cateninid
% DL 455 20 LR T AN i AR . SFRP2 & miR-
218-5p ) B4 AR, miR-218-5p 2% n] i 2> BE1IK
SFRP2{IZRIE , TS Wntfs 5l # . BAIE
755 AR 1 1(B lymphocyte induced maturation
protein 1, Blimp1), A& — L s #0] A5, 58
5 B WAL A 2 B 2 23 b (R 4 R AR KR 4k, 1
S Wnt/B-cateniniiE Z 8, £ & F kg0 2
BIFAS AT, /N BB K AT 4E 40 B Blimp 13 il 4
iR T HF TR ORI A2 5 R AR K B 5 AR
FH B AR 55 77 B9 N B FEUE W JE SOAE 1t P U8 1 3 1 4
(ROS) 7KV~ 1y ik I 77 A= ] A7 2500 3k 44 A1 s 7 6 3
HENAEKW, 9 RS T BT 40 M 5 = R R
AR, B EE 5 T 40 A A bR 7B 40 M PR
15(CK15), el Aan i s A U R s A1, Lk
WF B 5 L R B AR B & A D1 (cyelinD1) IR IEA
5%, [RIBT FADH] T Wntfg 5P FHE 7 Dick-
kopffH J< 8k [ 1(dickkopf-related protein 1, Dkk1)
M GSK-3I3 1%, M4 RE W], ROSIE T &M
SETARMTANE S B TR E =N AL
ML 930 BT R I, R R B ks & = i iR
H: 8 HE A -Al(apolipoprotein-Al). F-FLHH K
1 -1(galectin-1) M2 5 5B (lumican), ‘BT 73
e B EE, W% 71T ERA K AL
S0 M i EE DR Ak, BOE 1O AR IS R AR B L R
5 Z FEAE KA P (insulin-like growth factor, IGF) Al
Wntfg 51, [ Y5 5 8 5 K C(homeotic C, Hoxc)J&
DRl 1 2 15 W] 3 9 A% (7] 78 51 DPAH AN A b 2 -4
RO T AR T, RO R TR R ) Hoxe Bk IR 3R 0K
5 X1t HF AR DI O, 53 Hoxc kR 5
T BRI A% X I e A A HAE R HoxeJk
PR ) X Ay e PR IA AR A, B A HF A, 84
Hoxc A [K] J& PLEOE PRI ¥ DP, I 38 i #L 58 Wntf5
SR E X A HFEA 7, B = R AR KR 7 52 44
(epidermal growth factor receptor, EGFR)[¥J/N R TG
EKWER, HHEAH EHEA T REE, Gt
LW/ B EGFRE: RV il 5 B30 B 41 A 22 73 2405
PEXG N, BRAMME T, DAY R KR B 40

B RS2 A, EGFRG HI i) 384 4 A OR F5 1 41 Bl &
SR KRE L, EGFR 5 EFEH Wntd. Wnt6.
Wnt7b. Wntl0a. Wntl10bFl Wntl 6% 3 /K -1 F+
{51, B-cateninii %I TS, 7R Z EGFRIFI/N B H
Wt H1 7 SFRP 1L K IE K B Wt T 5 2 B 2
R EZ R R, 23T NN, BRE—HFEANE
KE, BT WntfE 5 BB 06, DL
DT, R4k, AR I Wntd, Wnt7b
A2 7E A4 K BB J P SR e Rk, XRHAEK
BT M WntfE 5 R85 G g, (5B
WL H BTGB, BRBEA G HEENE
I/ ML (platelet rich plasma, PRP), PRP/Z i it
WOE Wntfs 58 2% 2 1 DPCs i & & 2B K g
PRP W 1 {2DPCsHE S IMAPK . Akt{s 5 il #,
fFGSK-3F 1,

5 2 HWnt/p-catenin{s SR Z2 (R i AR AR
B R AEE

AP, Watl, Wnt2. Wnt3. Wnt3a. Wn-
t7a. Wnt8a. Wnt8b. Wnt10a. WntlObZE AWntIZE 5 H,
Z 52 #it Wnt/B-catenini % ; Wnt4. Wnt5a. Wnt7b.
Wntl 155 WntSaZS i 1, 2 5E& Mg, iR
22 MR BT g 5K,

Wntlaf 35388 AN R B B A AR A
Wnt3af il B 2 o] 1 A A0 AR A L (R Rk [ AR
F; Wnt10a/b 5 il 32 J5 3 AR A0 AR K i /R F B0
AR AT R I, 2Rk 8 1 (bovine lactoferrin, BLF) i
#7557 Wnt3a. Wnt7a. LEF-1f1B-cateniniX , ifl
1 Exk/AktH Wtf5 il g et /N B R A, IRl
DPZH 356 * . SUSE YR FEIUESE | 1 W 20 fif Jifa &0 2
76 (macrophage cell extracellular vesicles, MAC-EVs)#

ErEFEE M Wnt3a, Wnt7b-5 DPAHMUAH ELAF FH ]
PE Wnt/B-catenin{5 518 2%, H A H Wnts [ A7-7E 2 DP
£ 0 2 1H 52 A Frizzled FLRPS/63% 1 T 24 75 1) o

Watl0bIL JLENF AR AR AR . DR
B, Wnt10b#a] L Wnt/B-cateninfs 5 18 B2 3
W% DPCsI34 4, 755 DPCsli] G/S IR FF 11
DPCsH [ B-catenins 1 2, IEAME K I, Wnt10bg
WER BT R KA DPCsHI 701k, ST IERIA
Wnt10b(AdWnt10b)BEAE2EFE ™ P I T-4H M S BE . F
MR B EES AR, 7 HFSCs. BMP

5T MR T IR K B, BMPOAT Wnt10b[~F-
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T EREAOE IR AE KI5 . 24 Wnt10b4h
F 1 SHAIH , S Wit 53E 8, %] BMP{S 5l
%, W HFSCs, B HFSCsIF35H, BRI NAKIH;
BMP6#E BMP15 5 il i, #1i] 1 HFSCs e, £
HFSCshb i LR,

Ak $1 7 [ Wnt(3 5 Wntd 39 I 2E K 0 58 R £ ik
WtSafifiiil] 7 B I AL, L SHH#E s ; JE Y
IWnt{55 5 4 11 B AT 4 35 T 40 A 0 e LR 40 ) L 2
(IWntfE 5 R1E F, Wnt7b3 b2k K 50 38 £ 1k, {2
BRI E S BT A . BOTIER, 75 B i
Wt 7bi 2k 2 3 Bl B 3 A K AR JE IR i HLdk N IR AL
NTIRSES EEY 2 TR

6 HibEZESTIE
HIBAE

FERAN BRI B RS S, Wat. SHH. BMP.
Notch. TGF-BE{5 3 B 7E b 1 4 i A a) J5i 40 g 2.
(AR AR, JE A B RER F gt Wntil B8 7
BRFFLEPEEZEN, SHHZS 5IREKAEM
3917348, Notehfs 5 € T4l iz, MBMPZ 5
A AL, badAF 53 AR B O AR KO,
WAEHF ) J WL AR R 3R AE , SEme T RGArE 1
KBRAEIR, ALAT— A5 ARG 570 T 72 H AT
SFHEERE MNP AERESGS, WntHISHHIE 5
WO B RN AE K, ITBMPAITGE-BIE 5 A B K
AR TS T
6.1 SHH{ESBH

SHH/{ *5 18 % BE ¥4 17 KL A 1 19 A2 A 1) B 19 2R
K, FE B EOE SMOE [, 3 1M 0 #H 4 i
I8 FH % 2 B Fa 45 #4 1 (glioma-associated oncogene
homolog 1, Glil) K#E/ER 5%, H 5 Wnt/B-catenin
5518 % 2 [ A7 E A EAE R, Wnt/B-cateninA] {2
Bk SHHEIE , HiEi LEF-14 5 b i RIAE 5 I 8 (5
N, b SHHAE = il B8 W0 J5 A (e ik 6 28 1 R
FLERGH M R, IR Sk B (Noggin) 4E#5 H T fE
R pE ¥, LEF-102 Wntf5 S 2 L& 5 1, 47
1E T W i B 28 040 0% Wnt/B-cateniniil # 16 R U7,
B-catenin-LEF 1 £ & Wfe i BT M EHERKIE,
X BT A AR Y. WntiB 3E B0E I, LEF-1
BRAIAE TGS AL T 40 2Rk, T S R R G T
B BEBTAN Y 5B I i R 0E 0 SHHAS 5@
(R0 7 6 FE 1k 30 1) A K I ) A A o A

EAES i35 %E

HELZ/EH, DINGS "7t &I, DPiE T i
e S A4 P S o 4 5 3 TR, DPRTIE S E 2R
38 B A I AEL A i P Y SHH R 7%, DPH [ SHHAS 5
1 0] LUMOR Watfs 545 §35 3 .
6.2 BMP/TGF-B{5S &K

BMPX} B 5 % 6 A 7 AR 0 AR B B
FH, ¥ %5# 14 BMP-Smads-SBEIE % K FE4F ] . TGF-B
5 BMP{E S @M, FEE FIAME 5@ g £
R A R AE SO AR B B FLR I, BMP
55 I PR T B R IEAR 1 B, BMP6AIWnt10b
1~ 47 U 5 o B R RO AR AR KA R A AR 1), 2
Wnt10b4h T 3£ FHURZ I, G Wntf5 5@ 2%, $ii]
BMP{5 5 %, Wi HFSCs, B HFSCsft 5, %
BENAKMT; 4 BMPoAL T FHUA BT, 305 BMP{S
S, FH Wnt(E 5@, A IS HFSCs#0E ,
HFSCsAb TH# IERE, B TH LIRS . Nogginkf
Wnt{5 518 B 7] BE T IE 717, Noggin/& BMP{E 5
() —Fh R M), Noggini SR G HF () & 28 3 H.
{EHEFTHF 8K, Nogginti 5 2875 1, BMP/{E 5 1 i
FF, LEF-1. B-catenin 3 [ mRNA 7K & & 17K
PRI S EAC. 151k BMPIS 5B G B A B
NIBATHA, 40 7] Ak 304 - B ol A T AR A7 AT
K I BMP-4 ) #1559,
6.3 Notch{E 5B I%

4 Notch 32 4 5 FL A 45 A 1, s B2 T4 i
G R I NE B B AR K B A AR 1
RGN, B IR M40 75 52 18] 78 ) N
WntS5afl A\ ZE 5 2H 55 101 (human recombinant protein
01, FoxN1). Notch-CSLifi i ()1 4% , WntSan] {g ik
FoxN1[15RIA, FoxN17E BI04k Hh & 15 5 2 (1)1
BAEA, Fr R EFoxNIE S Rt m N BB R
AL T 2 B R A T A el

7 HAZBEWntESBREATESE
A EHBE
7.1 IR ERAEIZ I

AW TR, B RFR BT 0 R b
WA BT T4 fo S8 5, 7E1E B (A N 45 Tl
MRS, kR A S A, B S 4R
S T, A A MR A M2 2 5% 4 AR RE i
FEA N A KR 7 (HGF) AU S 2R A K I
T-1AGF- )RS T4, Rt ERFHA . P
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1 (morroniside) & L ZE 9 & & & I — M, it
FRIEE D 6 RE 2 R i SR B 40 i (outer root
sheath cells, ORSCs) 4 5E AT, 1] Wnt10b.
B-cateninFILEF-1 1] &1,
7.2 [B)FEETF4HAE

BN i D7 2 2Rk R Y B 2 S Y B R A
EEEAEH, BABEEAR T BRI — €&
() J 10 2L 234 B 19 s # L ) RGO 23R, AR T A 97 A
KA E R HFs/EH BRT A2 T s,
FUUEBH , EH S D7 YR 14 T 40 2 (adipose-derived stem
cells, ASCs)#R L) 2% 55 72 55, W LA i DP4H il
T 5 WA Ty fie el A 1l T I 1Y 12, 1 ASCs 7%
N FHDPH% (CSA-DPS) A] H # ASCsH' LAPPARaf5
SN FER AR HEZI AR AL, MR B N\ 2L
JE T EERE N, - AR SCAE F — B B AT A
&, A ANWEFEN A 78 )57 148 il (human mesenchymal
stem cells, hMSCs)XJ Bt 7% (alopecia areata, AA)
R ANBERI 52, B TP &K y(interferon gamma,
IFN-y) FiAL BN R SR AL LA, 53— AAFER
WL, 5% hMSCs H | hDPCsH , {15 hMSCH
3 7 hDPCHIZH LTS /7, W& T Wnt/B-cateninfs
538 B H ) B-catenin FURE IR 1k GSK-3B, JEFRAK T
IFN-yi%5 5 A hDPCH DKK-1 /3% ", DKKZ» b
H|AFWH DKK-1. DKK-2. DKK-3. DKK-441
Ho A RF I B, DKK-1A] ffi & 2 iy A Kk NGB
ITHA, AL B KA EE Y,
7.3 YKEEEZAY

Fy-1r AL (poly-y-glutamic acid, y-PGA)ZHAK AL
T T HEBBEM. KB A 2 1 S50 R 52
FINATHISTE . 4HGF 2 —Fh & 253 BV &4,
REFREK TS . KR T i B (T 5
TAC SRR T K 4HGFE AN DL AR (PGA)
D FERH () K B R g oK kL, DA i3k v 07 B B 2R
(HFs)H, 5 5 FI4HGFAH HL, PGA-4HGF#F 4: 8¢
Ji, PGA-4HGF AL B[] C57BL/ON/IN R B Kk K 19
HIREREKPMEES, K 7 EBLKAEKY
(R HRp 2N ], R M0 1 R LSk AN M s A, ad et
FeyclinD1 FCDK4 £ [ 7K V- I 2 14 i1 B-catenin £
[P BRIk &,
74 HEHE

TR R 1 M R 5 B R e LR IR R . Wnt/
B-cateniniff 1% (1505 5 HER MR IS FE R R E

FSCAF /)N BB BB 1 50 41 Hf A7 A R ER 52 44 (andro-
gen receptor, AR), ARl ] 3 55 Wnt/B-catenin )
EER, AR BT A0 3G 7 HEER I
F LB R BRE TR (HFSCO) M 44k, #lid] 1
Wntf5 5. B 50#E HOUE S B (dihydrotestosterone,
DHT) il S0 0 2 85U 1) 31 52 .k 48 B (DPC), ik #H
DHTHI L Z 537 DPCs, T DPCsff) WntSafl Wnt-
10bmRNA# 1%, i Dkk-1 11, DPCsERFE£5 7% B 11K
T Dkk-17KF, #4958 1 Wntishil[f131% , % DPCsff)
P FEA vk . AR AR (finasteride, FN)AL P (1)
DPCsfie % i 2 38 i 5 82 A4 B % 5% 5 -1 Nanog
A Sox-2 ()7L, NI HE AKT. B-cateninfll 4 &
F-B1AT BT A R E v,

8 FhirINERIBEFRENERXNA
8.1 IDEEKSIEFENER

A 5T DLHT A /0N BRER 2 41 PR AN L 7 40 g R
FOF G, A —Fh R RSB, S IR S R E
/INERUEL 2 41 (mouse dermal cells, MDCs) 17 % /)s
B 2% 2 41 i (mouse cells, MECs)ZHL %, K BI3D % ik &5
R TR I ] 14 B2, 17E S MECH 2D R
T3 772 () MDCsUANRE , LA 5 BRI S AH G AR
e 3[R AE 5256 b L 7E 2 DA R i o B i R R IA T,
TIAWnt3a)5, FAER B KB N B -k(dermal
papillae, DP)4H g2 B2 FFAE 75 T 1, 146 4P3DRE 77
DPAHfL A IE B RE S R BRI AR T XYk kT
FF S e AR (XISTYBE TR B T IR 4] T DPERXH A N B
TR HMHERTEFIER . YOSHIDA%E K H]
3DERRIE A 15777, UEW CHIR99021 5773 15 7% 1)
A 42 = DP5 3 BRI bR id e R Rk . AR
R Wntfg FEEBOS A VERE. T4, 90K
MYy, B¥ESCEE. 3DERARRE I A PR BN
UL E RO ERRE R, T4 BRIL A 5
AR RS A — 218 ?
82 MEAREEEIES

BOEAEFEN AL TN 2 e 40 R BoR B2
FI R IX PR R R Ay 1) R T R4 B R IR 6, B DR
I TGF-PFIFGF(E S %, AL 3 BRIP4 i 58 S 4k
RN SKES E R A O E A . AR5 H R, W
BT BRI, &S a0 B ROR B iR
JU ) € 25 VE B R AH R SR IR R R R A Y,
FHEE 0 A5 HE CQAN M X 26 T2 PR 2R R, DLRAR
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BEE I ERTOUR A SN EEAR, 5 ARl AH A
RRZE [l . SR RN AT LLEEG I LbR AR 5
ERAS B WSS KRR, BRRa E 5B H AR
LT R B RAR ] o U, 2 BRR SR 4% B 1A% 1 3
BRI 2T BT 4 HA B Bk, (BRI L K
B I HgR A T R 2 AN T ) S A, AR
SRR A AT 22 R O

9 NESRE

Wntf{5 5 8 #7E BRI A I ARl R A
HENEH, FRBR TR B TR AP BT TR
5T, H T B2 AT A AR A 0 5l
BRI FANA TR . BRARSNET IR K, T
HE— DR A AR DG o, S B 3 AH OGS 5
W, NEX—d . B SBEEZE A AR
B3 A S A7 TE I E) LY R e 4 () B2, 1EAEAED
SEULERT MR FE S HEEREE . AKIPIRE, N
AR 75 2h T AN R, v RE 5 5t Dh g B8 4%
GINRTE RGBT, Bl E AR EZ 0 B RESR
HIfE S L ORTRA AR SR 85 5 B 27 K 18T 8%, 3D
BRAR. RERE . BRSO, M. T, gk
Ii) 24 40 45 79 A sl 9 A DAL 1 5 VR RN R R G A B s
GE R RS ORTIN . TR T BRI
EAS AT —PIRAIR G, HAp g R, B 2
Re TR P BRI . BRAE R/ S5 0]
I AE AR RO Rk 2R B AR A 3 7R B I
AR P B AR K BB 50 72 3, AH L I F A 2R 2 %)
A Ja KRR B & R B 76 77 A R 52,
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