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Abstract

Hair follicles are organs in the skin that contain the cells and structures needed for hair to grow
TEEH .

WEFIH: 48, TaR. BEEEMCHMESFELFRRIERD]. ImKRESERE, 2024, 14(2): 3560-3566.
DOI: 10.12677/acm.2024.142498


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2024.142498
https://doi.org/10.12677/acm.2024.142498
https://www.hanspub.org/

T, TR

and develop. Hair follicles and their associated cells play an important role in the process of fibro-
sis. A deeper understanding of the development of hair follicles and skin fibroblasts could bring us
closer to developing fibroblast targeted therapies for scar-free healing. Recent studies have re-
vealed the heterogeneity and plasticity of the hair follicle and its stem cells in the skin, which has
important implications for skin diseases and tissue engineering, such as the epithelial cells in the
hair follicle may proliferate and differentiate during fibrosis, forming fibrotic structures, resulting
in impaired hair follicle function. But fibrosis involves a complex set of biological responses and
the involvement of cytokines. After injury, the body releases a large number of cytokines to pro-
mote wound healing, including factors that promote fibrosis and scarring. Fibrosis and scarring
are important physiological processes involved in the body’s process of repairing tissue during
injury or inflammation. Under normal circumstances, these two processes are balanced against
each other to ensure proper repair and regeneration of injured tissue. In general, hair follicles and
their associated cells are involved in the formation and proliferation of fibrous tissue during fi-
brosis, leading to impaired hair follicle function and the appearance of skin symptoms. Therefore,
when treating fibrosis-related diseases, regulation and interventions targeting hair follicles and
their associated cells can be considered. It is over expressed in many fibrotic diseases. It can sig-
nificantly promote the proliferation of fibroblasts and the production of ECM, and improve the
quality of wound healing. The expression and fibrotic effect of hair follicles and their stem cells in
skin, liver, epidemic diseases (scleroderma), spinal cord nerve injury and myocardial fibrosis
were reviewed.
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1. ERBARHBEXYAEM

EZ(hair follicle) & f ik B X &Mt @A 2 —, T HEEME FHLAF, WA RIMRIREET
(hair shaft, HS). PJEH#H(inner root sheath, IRS). #FEHHH(outer root sheath, ORS)HIZE 4 4 ZH i (dermal
root sheath, DRS)ZH/%[1]. BEERAFAE T NMEKRIM RN T . CAMAET B, SHEE 1R R
A Bz L — I il — MR B R R IR AL R B 450 . BRS T HAERNRDAESEE, K&
e AT R. BEEMEZF LA RSB R, RS B e EiBIssE . eEt. DA
JAFE R X L AR N B . BRERER X B REAM t Or BRI AR W . B, A
I3 AR i FE B A P R SR AN A, A — 2D T A B B A AR A . BRI B R AR K —
AR AR KR, B BRI K (B R AR K RIT AR R AE KR I IR E (R R K
2 2.

2. ERTHMEAELNXR
AHEALTZ RRANLF

B AN TR R E . AR R AL G E R RIFERZEM, SR 4EbR
o3 FR) 3 0 PR IE R 2 ORI 25 B 007 5 4 M D o (ECM) B BEDTRR, TR T REBAX 1 2 8RS,
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e PR T RE RS o 27 4R I AR A2 — 2 G5 R TP (100 70 03 ST 24 200 PR ) 4 i i 58 39 B ) e e
AT R I8 A P ROR B BB, AR ZE M 2T 4E9R005 o I S8 0095 R4 i 5495 11 s 5 3 5 7 B ) P 44 40
TEANH S EEAA R, X R EAMRE T —F BRI R N . BR AT S A e —Fi kS
S BREE A, R A b R S A ) AN ORI, S5 Rk DL B R A e
B Z Mo Ee S, s S oo Z R SO SCAn i, QiTH 1) HFSCs RE(R G s - jetk, 4
g b B A S B2 R Ik 5 % o G T P JE 0 R B 43 1T g St AR AN 18] 1) SO R FUOK R D B 5
WL, XAlae AT EBEBERN HFS 22 58 K0 gL %, MALS5ARKEENETEL
W EESS[3] [4] [5] [6]-

3. ERFMEXTHEMESHALENLPAER
3.1. Rk

B A OV A G = AN B SORE SEBE AN E XA (7], R ARG T LUIE I JE B R R A R ) (RS
WA R EIRIE . SR, UIEE NG, W, 400 B R R R, ST I R AT 4 4 4
KERFIMMINETT, PR R A B 32 R AT, B2 3808 A M RUR FURRIZIE Y 8] 41
BB T B 3 BB AN, S B5OHG A T R (1 TR R v 5 D R 5 B A R 2 S IR R A ) S S
me) N D e PR 8 3 2> 45 BE IE BRI MRS, SEURH. B, MEREEEIR. — AN R C AWK
MENHEEEREGTREE, TWERE., H2EGANE, SUR TR &L #4E[9]. Narushima 45
N LR EBA BRBMEIRT LR RS, RN E S E A D ERIRIEHK[10]. ERIRITRIE
(DLE)—FiRIR R, 35 (36 I ALIRIF A AN 10 151V S5 A2) ) Bz A (S B2 AN B A9 28) - o IE 5 Sk
J AN B AR AR A 0 IR o A 0 B R 28 A 4 MR I AR B (CD8+) 5 T4 MU A E AR G . BFET41
Jfirh CK15 [ FRIA7E DLE J 28 th A7 £E 22 St A2 50 B2 Bl b i 8 E IR 1E (CD8+) B N, B HEN H X CK15 ik
B RS, HEARRERT CK15 FIAFIEARIE. FL b, DLE MAMEEH W L BIBRM A XK, o
FRKIAE CLE 1, MRTY S B X B R T A MRE D A, T e it — D IR T X L
PRI AL A ER AR [11] . Majid Alam 5 & I ik B8 A 7 38 21 12 1 3 DL A A 16 B T B A7 ] 12 328 ) T 7
&, I EAITE BN &S LT AR A E i ER 6]. LEE B REMIRIGIRTT AR, 1805k
] DU BEBHEYRIGTT . DO EILURAE — AN BOR B A FI, fEBFEIRIT For M R iG
7 E I A B IR S5 R . BEFRANN T 40 18, ST A H2 BREIRIT I8 (a 1), FFxT (B
)BT 2 S AR AT BB M o )M 22 k. @ AR, B RCZARERAL) . FOIR L (A
PFARJG R R RIGH 2. 8. 12 i TR &0 DA . FEWALEE T, WRBIERAR
B RAE IR B T B R . BRIRIT AT B m T B R T . TR R,
BRI LR E T R A AT DLSRAS S U 0 B R e R 5 R A I PR 45 SR [12] [13]. B [EAE 3oy (R HE T 24 e A=
Y T2 & 1) Magdalena Plotczyk ¢ it 7t & ILTE R AE 3 N SR H (1 B2 5 W 42 )2 B s s, LI i
B G A A IR TS R SARHIE . FRATT RN B REAE M 5| LR L S ERG N, 3R R - B0 f A8 b 5 X3,
TR A BB N, I B FE R 0. | R SR AT 4 (0 FE R k> T R R IR A, JRAF LR LB, DL e
Hol. HXEERFZEE 2, RIVBRA R E TSR E T2, RAF4EEF TGRAL. 1L13 F
IL-6 KHASZ R, WFR s RERH, Bid BT IR A 4R A, NIRRT ERIEE AR 12
BT LA [14] . IR 2R 2 B2 2B (Perelman School of Medicine) it J2 JoRHEE A 7736 - RS 5 F1) 4t (George
Cotsarelis) FAth 1) [m] X B &K —AS/NRBAL, DT T EBRTIEH . KISk, AMT—EILA,
B RAENRBIENRE, ERAGEE AT . HILHE R NLEE A AT — REREFEZRY L
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HliE— ARG O, OB RS ER KR, Ba g, B RN EROCT & ERK, £5
TTHIER T — BRI — X &R A 208 % A2 HIL[15]. 2017 4F, [ Cotsarelis 415 11—~ B BAE
NG FRIR, BB W— P A B IS KA B (bmp) A K R, 1T DL AT 4R 40 B i A A iR i
YA, N ISR SR FALT-tH B8 M AT 4 40 MO Bk ER BUAR T o Mt 70 /N NI Y2 R SR BOX A 1 40 e,
HHENBFERE BMP L, s e E W BMP BT, e 1228 R 4ni[16].

EREHEHBEXHMS B R E AR

BRIV NRIBITIBME R B DA TFAREA, (Al T R4 RS A, AN it
ROEZEA L T - E A MBEE 5 T 50 B R AEKER) kL 4itk, BRAKREE FED
F RAG 5 AT BB AR 52 WNT/B-EM & A5 S RIS 1. R AR J2 (1) WNT/B-1E M 15 510 I 7 R i B 3
IR FE R AR AT A 2O B AVEFI[17] [18]. TER B2 FEARIE A2 B, 1 RRR 28 1) B B2 B 2T 448 440 i H 1)
WNT/B-EIRE A 52 FEIERM BRI ER[18]. WIHT I WNT/B-EIRE FE 5 1 N IR & R A
(1, EATRER T IIENIIRI . X2 p-IEPRER S I A0 B2 L 5 (DS) A At A7 B R 3R IE /i, F
FEREL Bmp. Fgf Fl Notch Bk [ RIA BZ RN, 145 Bmp. Fgf 5% Notch {5 5 il 551 vl J& 55 EF AR
JREFHEA I T [ 19] o B-HEINER I /KSFAn el 1405 1 @ IR I B, 0 AT T B-IE IR B (1 B SR R/INBR 52 403
J& 8+ 14 F1 24 R4 FI RN . AT T AR I B s, e B DAL/ BB T i FR BT P A5 DA o 4
Y o, SR, REr g dREEREAR/NRG O, SHERARE, A%
AR NIRAE 2 AR JE A4 1 BORIRZIE (2 I Rk p-3E 30 B /N BT 1, KG-67 G 6 1 4 i 451 58 v,
U BEGE AN . e AN E AN T R LSR5 55K DS GRS BRI, DS 40l DUBE AR
JZ[20]. DS/DP(E 7 7<) A rl A FFHLAE ST, 475 LT RS I 0 s 4 4 Al [21] -

R TS R 3R BT R T (1 A b B T RS RR R R, E A DGR TR
R S HUR R AR A

3.2. K

JH A1 A Al P M I3 (3 2514 208 R0 247 0 B s A A 12 I8 ) AR 4 R . it o5 400 55 ) 3
JFF SR AN W A R 2 SR BT A o B2 DR 00 M U T AR A 1 - B S A . e TR BOIRES T
SE R, AR 0 A0 TR B AR T 434 v S B T JUL BT 4 200 B A 11 g B R T o S
H|A22] [23]. HHHL(LC) R R EHZAN R, BEFHTZHREELE. AiM, RDEHYNIGT LCH
. BRN 7T M(HF-MSCs) R IE T BRI BARFERX[24], £ MENZRETHM, 7EHEE
SR EAEMNAT . BRAEFEE, AR, VUSRS, G R EK[25]. EREERE,
B LB ) 78 5 T4 L (BM-MSCs) LA B i (1 3G B g /[26]. 4k, 1A MSC H—F, HF-MSCs 7E/&
A B AR B TR EE B A BT TV AR M Ak 9 A R 4H BR(HILCs) [27] [28], 3£ B HF-MSCs £
W BT RE AT S . HE-MSCs fE N —F) iz B T B R QI8 ST AR T AR 740, el T s e
JIRMZ AR /T, 1E LC MRYT s ) RE AR HT 5o [ P 253 S B 5 R FH DU S A6 (CCl4) & 57
C57BL/6J /MR, LC R, i & bKVE ST HF-MSCs, 43 7 LC AT shfg, ok 7 LC MR, wf
W, PKH67 #7101 HF-MSCs #E45 73 T 2H 24 i 3R 1A 41 i £ 25 1 18 (CK18) A A &E I (ALB). Ith4h, 5 LC 4
FHEL, HF-MSC 1897 HAEAR A A a-SMA Rk 2 R RF&ES, $278 HF-MSC 677 T il SR 40 g (HSCs)
FR IS . Ak, #EALE KT B (TGF-U)AI TGF-1 RS54+ P-Smad3 fEAKN MY T, 1M
HF-MSC %% FiRAstk . [ AS H 4518 HF-MSCs 1 GEili i FH I TGF-p/Smad Jfiis, i HSCs [f955 £
WO, Mg LC [29].
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B E A AR ) 2 BEVE DN PR AR BE 22 R R SR AL T AN IR R IR . BT S R . 5
ARG R RO AR SRR R e AT BRI 0, BN R AR E 9 A VAR vk B 2R AR R R R
FERESINEZ IR T, BEME AR NBR AR MR FNEK T B . 5RREE ML
UEEREAML, MEANPIIOLAN AL . R, MEARA TR PR AL, A B R
JERIEOL T, ME AT Dt o B A BT M2 R BRI Ak, TSR R R “ML
7 EREAAR[30]. X5 RFE AR L, BB AR A e B A A ) M2 A1 ML B . 3X
TG i 73 A TT REA A — Fh 2 i 4 0 i B Sk 2 9 J ot 4 R FR) 5 ik [31] . fE Bl i e, 2
TR R AN 7 LR R 21 B 1 2 B (CSPGs),  SLARE 2t — B sifi. “M1 7 Ergd
JRLRE T 9 AE 240 B B 7T 3 B8O N R TR T 4 L A i 22 (¥ CSPG, FHAS A UK R . £E— MRS
BT I 5 A 0 AR M AR e, AR A A ER L A R A R R I TR TR O A R A A R i AR
[30]. PRIUt, EHERIHA AR A T DUIE 48 ) MR 55 M2 1 20 A 3 2 TR o 240 K 10 o) i 453
Jer 2 R o A PR R R K

3.4. 1L

O S FEIE RV T B X EEABC TR . Bl B 2 RS KR SR, O UURERE, WS Bt
O AHRRAET[33] [34]. SECo VAL 5 1)L T RE RE IS 2 HEY1Co 0 5238 1) BRI o ARSI 2593R )T 1K
O DR P EE A T R R R A RO . K — Y E Deliang Shen <5 A\ & LR N B A RIS 1 25
R K B A= AT R S B L 12 BROO B RO E R, A2 ML R OIERIRAE. 50T BE4LAH
b, S ARV RS S0P FE 8 J 5 R B I Lo D RE R DR B JF Hosldz 1O WUEESEMI JE AN RO = F A,
U G R UREAE (RIR) BE B8 IS, IR/ BE /I o IX e RN & 35 1 [32] . A UER [ BN 73 B s v
MEAROEDA SR TP ERSKEEA 4 (BMP4), FAEKE 1-b (TGR-b) M2 K K 1
(NGF) L. MWFEBMAEBA P HREUNME ALY E CHAE A E A g G367, @ LDV Al
EDS 5 &bk, Befe SCHF4uI b A5 fiz s [35] [36]. XLEHRFEAIE /' —A RAFHYT 3D i, LRI
B SEBEAN L. XA KD AR A 1ok B AR A R SR T REA A T LI B R, RO LA
W . AT B 7E 9 X S A A S AL SRR (A5 O IR AR ) PO R B D, (L AE O R R
73 T R R g AT A D

3.5. Hit

FORFR 2 TEE R I, BEARRRE, W0, SRIRANADE, A R A R DR SR A T A 5 |
I[37] [38]. EHETAHMI(HFSCs)Z [y il Bt i & (R A0S, ] e 2 R DRtk 4 B (SCC)REE IR . PTEN
e PR AN DR, A DA R IR Sk R IR 0 R R JER Jz o £ A RE AR ) Cowden 3 5538t MRS E SR G AIE
R H R FRAS ., IhAh, MK AR 7 PTEN B = JE (K5-PTEN-/mices) /I R 3 BIL HH 28 i 386 4 A i
RAEIRIE K. Haiyan Chen Z5F 73 KL PTEN #5298 487F HFSCs, 41 LGRS + HFSCs Ht IR 41 i
(SCOYffle kA - Lgr5+4H L Pten B2k AT 3 Akt/-catenin f5 5% 3, il J§ SCCs H] H1iX £ /5 311 Lgr5+
TR IR 1T [39] . AR T A (AGA) & fi i WLt A B, kaitaoli 55 NBH 7 AL W] REFE R
ALY T R TN T e RS, IH B RAEK, RATE HF NEUML. RIS L 4E AT C LR /£ AGA
M HF R SERAE 2RI, FEHF N 4EREY) vimentin, fibronectin, Hsp47 1 S100A4 &£
KB R, R AR 4ElL 5 AGA Y HFs ANEIE R IERISE. B, WRFRTIRE T AT
AGA RIpbIL BT WA [40] -
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R4 S I0AIE B B B B % LT X LR e — 5 R P T, B R R T A L
TH 4 7 T e 0 T A R DD R R, LA R T AR B 7 220 T R b gt LA AR K T
(ELTERFAE, O JVL AL PO 27 AT 50 0 B AR WL D SR TR B — B T 9 . BT F-20 L TE RN S 2T 4
AL RIS T — R HER, (R K2 B S UAE T 3h St b By, 510 s PR S FE A7) 2 — A M R 7
BRI

&E 3k
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