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Mechanism of hair follicle miniaturization and update progress
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[Abstract] Androgenic alopecia (AGA ), also termed as seborrheic alopecia, is the most common type of clinical alopecia, and the
hair follicle miniaturization acts as a main clinical manifestation of AGA. Currently it has been considered that many reasons can
induce hair follicle miniaturization. On the one hand, they promote dermal papilla cells of scalp hair follicle to secrete hair follicle
inhibitory factor, and to have apoptosis and autophagy disorder; on the other hand, they destroy microvasculature surrounding the
dermal papilla, and also cause depletion and fibrosis of hair follicle stem cells and dermal sheath cells, eventually causing the gradual
transition from the initial terminal hair to thin pili. This review discusses the update mechanism of hair follicle miniaturization resulting
from distinet type of hair negative factors and holds substantial promise for the future treatment of AGA.
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1 DPCHhEEIMHIEF

F % DPC i i WNT (wingless-type MMTV inte-
gration site family ) 25 1 5 B 2 % 4 85 11 (bone mor-
phogenetic protein, BMP) . %75 Al (sonic hedgehog,
SHH) 73R IAHOCEE 1 1 (secreted frizzled related
protein-1, sFRP1) SR AT S H T B 28 X HFSC 1Y 1%
1 55 04k, b2 SR S BT — AR Y
KA AGA [ I 3 73 Wb DHT e 0 i 5 e ik
BRI T BRI 52 & B e
/N R & A (R 1) Ceruti 55 73 #r T A
PE N B2 DPC AR J= & 8L, DHT Al {835~
15 DPC BRIR 14 v BMP2 11 BMP4 [ 43 335, JF 5
Wi HFSC [ B AR ANM S AL, (H 25450 BMP2 )5 35
BEFLRIRIE T B R 55 X T B 9 R 86 (alkaline
phosphatase, ALP) 1% £ & HFSC [w] tH 2 it 1 531k .
Wnt/B- I E UG SR AR TR IE R AT — 1 E
EH B, 5 DPC Y R DNRE B AL . Shin F5
RIZAESEALARICY) T I8 T 1R 178 H Dickkopf AHC
£ 1 1(Dikkopf-related protein 1, DKK1) )15k
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AR S A AGA [ (19 DPC S A2 B, DHT LU
e RAUR N [E) A8 ) 7 sC5 - DPC R T, i i 5
552 e &R 10 R A & R B K i 1 8 (cysteine
aspartate specific proteinase 8, Caspase-8) [t 24 , [
I% T B 4 L 96k EL 984/ 1955 - 2 (B-cell lymphoma-2,
BCL2) 3k H Y33k, X ik— L3 DHT ml i T
R RB IR T8 Rk, Bl B o
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DPC 3458 H A KA T DPCAE R A F IR . Ma
SR B ZORF USRI 2 I A RO U R
YER , ATt 5% DPC H e 2R 52 44 (androgen receptor,
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Table 1 Hair factors derived from DPC in human/mouse hair follicles
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AR) M1 So-i S BERIR RIS, FEAR DHT A1 DPC
BCL2 1 5¢ X 5 1 (BCL2-associated X protein, BAX)
AR AT pS3 HYFRIA , M 3L A R T
TAEH . KY19382 & —Fiufir B Wnt/B- R4 F1ik
T 790, 38 A 35/ Bk 25 RN Sk B2 =B 3% DPC Y
P Tl TR Tl 9T P R B 20 A2 BT (proliferating cell
nuclear antigen, PCNA ) B35 K075 5 B & 14"

AN, AR W S R A R AT B B P
P I 52488 ) 200 6 88 D 1 S e = FHAB AN )
B4 X TR AP B REA K B E
Liu 85 % BUM FLIE B B A KB 3%, AGA B4 A
WS, A WD 5 8 1 R R IR BRI, A A R
AR B W MAES R D I A v MASE N, 3R
HEERMBET S5 T AGA iR 1) ER ML,
AN IRIEH] T RHIRATIARE AGA B REE L4 1 H
Wi FH 5 5 A beclinl (BECN) 55 BCL2 25 [ (0 25 &
B AWERERT  fEHER T, 3B AGA BH B8
LR ARIEIA TR BRI, Chai 7 & L
PR 19T AT LG 3 B0 B W /N REOR sh
KA AL K R A FE A ) - 13 — R (o-keto-
glutaric acid, a-KG) . a-fifl T P2 (a-ketobutyric acid,
o-KB) LKAk T 24 7 1 28 A — F UK, ik 4 254y
X B & A A Y R RE B AR SE 1Y W A o 5 BELIBT
Kang 2550 F) FH 5-18-3 , 4- T2 FE I FRERE AN 14 e 48
YL I B 1 5305 (Atg7  Atg5 . Atg16L . LC3B)
FY7KF, NITTZS S 1 R Bl 20 DPC Y 35 5, fi & 1
BB I
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BT AGA fyE 2 . Deng 5™l i3 X} AGA (B # i &
X EHE DPC A IE ¥ 35 3k |2 DPCAT#E S 4 2= 0 B
XTLGJE KB, AGA f8 35 LR FL Kk ) Rl fd il A8 2=
SEH . b R FAE AGA FRE BREHUNAL ALY,
AGA FLEz ZL K R 48 23 R A THIR o BRI, |3
AGA & A BRI AL 1) 3 22 i (R 5 1 iz L3k o]
ML BT G o Zha S50k BUMERLZE T 8 ok 45
A TR M P R A0 AR K75 T 48 & B 10 145
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DHT #ill 3 i 8- 18 LS AL i /E I 2% o IEW] DHT
ol VR 5 AR R 5 B A I A & AR 5 AL R 52 A
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20 S A SR AR R, O P At A N BT LA R
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4 Jo] RO BE , I D B R A — AP R
MBI KR

4 HFSC i

A7 F B 48 B 2 1 HFSC HL A 4558 10 7 40 338 5
5040 RE 1, 5 HFSC A i b A I 4 B 4 A
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FE, X LER R AR N T BRI kA R T
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PRI, 2L BERRA DNA #5475 1T LS 2 XV e i
(collagen type YW, COL17A1/ BP180) & /K, 51 %
HFSC i F A A R 3R K oAk, A HESC R0 His A
Bz ki R S ECE R R

5 HERKEEHMA (dermal sheath cell, DSC)HIE%R S
A

BRI 1Y A TEAS 2 — ol A R Y
AR B 7 /N, T A R = A A 8 i A e T R 1
S A A 1) R 0 SR I A B A X — i R R
AAEIRAT I A DI S I L R R A T A S
et By T EE A A, B BRAIRITY
Hr, B4 DSC i R B a- P LNL 3N H (- smooth
muscle actin, a-SMA ) &5 J5 7= A [n] O W46 ) 85 R H
3Lk R B4 0 B R O IX, NI A2 i
B PR L 0T 2R R T S T BEXT LR A



HA3EE 11
20234E11 H

7= P, FYOh. BRI KA BN S B A L ).
B ERICE A (H ARBRE R ) ,2023,43(11) : 1610-1616

+1613-

7R, Ahlers 25 B EUAN [] AF 7% (R4 B 706 46 iz
K, 20 T 72 048 AAHARAEAS 47 S 4L RN A -
REIAR G ) T AR R 7 Bt e , A ILEA T4 REE
I DSC EK o HULAT DAEN, 328 kA )5, DSC %
A 23520 A AR A R Lk A B A B, AT 52
Wil B 5% R A 4 B R AT BB A e . o — i
Williams %5 “7E AGA B3k e b & B T L 2
38 R RLT AL, X — R AR L BN A AGA &2
BRI EETH . English FE“H#E0 DHT 532
WSS T HESE S Akt R . BT
AT RAG IS UE S BB M AT AR AL S 5 5 M - SMA [
FEAR TS H O Wes 77, B AGA B H B RR IR
SRR B AT DA X A B G THRE

6 & &

BRI T AGA T 215 BRI RAFAE , —

T2
7 B
FOXC
Bz
T

52 — &k

r

B LAk A2 K0E . DPC HIHFSC 7E4E+5: B 48 K/ NI
EREARER £ TEZEEM, I 04R
AR O I AT JE 2 R . — J I Ak DSC 43I ]
K F . DHT %515 53 DPC P4 - % [ Wit | Fe & 80 fd
BRA KA WIZEGLN & A BRI 55—
i 3 T A G PR RS HFSC f 3k 88 RE 38 71 1 1k i
fit S DSC B9 R 54 g fbift— 20 sl AGA 1) & 4
KIE(E 1) o ib— BRG] LUinas st i
IRIAYY 148 5 M i — IR 7 R R 580, B
I, FDA L 9 n] 530 5% B R Ak 1 25 W A JETIR
HERE . B 2200 SCHRARE 1 AT e Jrig 4776 300 il 1
A5 K AMARAE RIS BB A A5 A RN, bl e
BRI BTG I R T AT RO AR AR T A e LA Vs
DR BN RN, A SCHNAE T BB 1 0 e B
TAR R FHOGTR T HE it (32 2) , R SRAD T E £
HA G RNE AT 5

BMP

Noggin sFRP1
@ —
Wk
N A

— . 4 DKK1 TGF-B
———————
pp  ECE l
. _ Caspase-8 Xy
. AnHadE T
ﬁg? | N
-0 @— ) — (-
AR Atg7.
Atg5  Atgl6L.,
LC3B
AR e =) =
Cil DsC ERIEF
_— ’ LD
l | g ] — \
/ W

I R4 DSC

ik e
N\

E1 ERHMBECEZENHHTE

Figure 1 Mechanism of hair follicle miniaturization
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Table 2 Methods and related treatments for reversing hair follicle miniaturization
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