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Novel Heptapeptide Binds to the LgrS Induces Activation of Human Hair Follicle Cells
and Differentiation of Human Hair Follicle Bulge Stem Cells
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8 o 2 AFolA= 7 7Y ofmjiito g o] Rofxl et 29| Lgrs bindingol whE QA R A4
A o] Ao tfet JgS Elstnt, ¥ 822 F Y (surface plasmon resonance, SPR) A|AHS o] &3}
o elHELo] =7} Lgrsol Agsl= A Felslgnt, oA 285 A (human hair follicle dermal papilla
cell, HHFDPC)o| SEHIEtol =8 Helat A, 5= €250l AE S0 Uehdon f-catening] AE Uf
3 o]% 9 319 S AHAQl LEF1, Cyclin—D1, c—Myc?| W& Z7}71 #&E Qo). aea A= 24 7|d &

o1z}Fel AktQ} ERKQ| ¢QlALS =Fo] Z71E|Qlom AJAFQIA}Q] hepatocyte growth factor (HGF), keratinocyte
growth factor (KGF), vascular endothelial growth factor (VEGF) ¥r&do| S =Xt E3F QA EHEA L
(human hair germinal matrix cell, HHGMC)2] &3} & A A} 21z} Q1A @ X L2 A|E (human hair outer
root sheath cell, HHORSC)®] &3} #7#] QA== Febfeto|= A2 Al & HAES Holrh, F7H8 o=
22 = el E O] = 9] oA B F=E 7| A E(human hair follicle stem cell, HHFSC) £3}of tjst FaF2 FALSH
Qch 21 Ad}, HHFSC A IAHS Y] mRNASE Thii g =0 ZhAashglal whdof 23} 401252 F7Fsksict.
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Abstract: This study was conducted to assess the effect of heptapeptide, composed of seven amino acids, on the activation
of human hair cells isolated from human hair follicles. We have confirmed that the heptapeptide could bind to Lgr5 from
the results of surface plasmon resonance (SPR) analysis. Heptapeptide enhanced the proliferation of human hair follicle
dermal papilla cells (HHFDPCs) in a dose dependent manner. It induced the protein level of nuclear B-catenin, and the
expressions of P-catenin downstream target genes, including LEF1, Cyc-D1 and c-Myc, in HHFDPCs. Heptapeptide
significantly induced the phosphorylation of Akt and ERK, and the mRNA expressions of growth factors, including
hepatocyte growth factor (HGF), keratinocyte growth factor (KGF) and vascular endothelial growth factor (VEGF), in
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HHFDPCs. In addition, heptapeptide significantly increased mRNA expression levels of differentiation-related transcription

factors of human hair germinal matrix cells (HHGMCs) and differentiation markers of human hair outer root sheath cells
(HHORSCs). Additionally, we investigated the effect of heptapeptide on human hair follicle stem cells (HHFSCs)
differentiation and found that the heptapeptide reduced the mRNA and protein levels of stem cell markers, while it increased

those levels of differentiation markers. These results have indicated that the heptapeptide promotes proliferation or

differentiation of various types of hair follicle constituent cells through the induction of Wnt/B-catenin signaling. From

the results, we have suggested that the heptapeptide in this study could be applied as a new functional material for the

improvement of hair growth and alopecia.

Keywords: heptapeptide, human hair follicle, Lgr5, Wnt, [-catenin
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Leucin-rich G protein coupled receptor 5 (Lgrd)+= H'd2]
bulge, secondary hair germ, ~12]37 lower outer toot sheatho]]
A s, E3] Wat-responsive HHFSCS] npA= & &
A Qlct [15-16]. Ler52] 2j7t==E Uizl Respondin 23t
A] homologue ting ﬁnger 43 (RNF43)/zinc and ring figer 3

(ANRE3)S} B725 PAsiol ALE W o) 2 mae|
o R8Pt fEsm, ofo] wet fiizzed S§AI7H 23t

wo] Wat 45T S/} ofRolAlis Aow el 9
TH17-18). LSS ok HHESC: Wy 79]0] mE )
o RS FaL w23k A] FAZ|E AR Hsket
] gloja] WgAel ejake: geh19-21)

2~507]9] ofufleAto 2 g e B =2 A
Aspdat AAE B8R <l shgs 3 ojokael AR
BES AT 7o) o]olx|at glom T Hefel=k A
o TR, Gy eloluelel, EX A A Soln
oA efETh22,23).

B AT, SPR A28 HAS B3 Al dleket
ol=o] Larsel] oiet RSk 452 BRISIAL, o)
g g Aazefire] lepEl|E des SISk
HHFDPCof|x] Wht/3-catenin 742 FZO0= QIgh Al &
Xy EE sRiElgE T gle wmg Y AEQ)
HHORSC, HHGMC, HHFSC?] &3} nlA whe =31 &yt
£ I3k
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2. Mz 3 o

2.1, Alef

Hepo|= g el AR 2CTC resin Beadlech
(Korea)A 2] A AFSIRIAL firoc-of|ieAl hydroxybenzotriazole
(HOBY), NNN Ntetramethyl-O{(1F-benzotriazol-1-yl)  uronium
hexafluorophosphate (HBTU)= CSBio Co. (USA) AJ&& AR
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3193t} Dimethylformamide (DMF), N,N-diisopropylethylamine
(DIEA), piperidine, trifluoroacetic acid (TFA), triisopropyl
silane (TIS), diethly ether 2} Z-2- Aol AR AJoke: o)
ks (Korea)o] AlE= U8l AR&-SHSITE

SPR o] ARG} series S sensor chip CM5, Neethyl-N
(dimethylaminopropyl)carbodiimide  (EDCYN-hydroxysuccinimide
(NHS) amine coupling kit, 10 mM sodium acetate (pH 4.0),
10 X HBS-EP buffer 5 Cytiva (USA)OlIA] SLolasict

MlEZ AFofA ARESE mesenchymal stem cell media
(MSCM)-2- ScienCell (USA)OIA] T-2l5HL fetal bovine
serum (FBS)+= thermo fisher scientific (USA)of|A] 4813
5 Dulbecco's Modified Eagle Medium (DMEM), phosphate
buffered saline (PBS) & penicillin/streptomycina L%l(Korea)
o F3FtE Human hair follicle stem cell media=
CELPROGEN©J|A] 5-9J5}3it}. Dimethyl sulfoxide (DMSO)=
gel5(Korea) AlES FUSIL 3-[4,5-dimethylthiazole-
2-y1]-2,5-diphenyltetrazolium bromide (MTT)+ Sigma-Aldrich
(USA)ollA H}iste] ARESIRITE. HDACI, a-tubulin]
3t &A= Santa cruz biotechnology (USA)ollA +sk5aL,
phospho-Akt, phospho-ERK, Akt, ERK, [3-catenino]] thigt &}
A= Cell Signaling Technology (USA)OIA TLlateic). =
3} CD34, Keratin 15, a-SMA 4= Abcam (UK) A|Z0]
™ K6hf A= NOVUS (USA)ollA] -15H3iet. o2
Q1 goat anti-mouse IgG AbQ} goat anti-rabbit IgG Ab+=
Jackson Immunoresearch (USA)o|A] 1513t} Recombinant
human Lgrs ThilEe- R&D systems (USA)of|A] -5kt

221, HEO|= =

Capacity 0.54 mmol/g¢] 2-CTC #|Z& DMF 8uj=
et BES7olA B& WEE- 15 min 32t AAISHITE
o] "k&7|o)| 3 F2F Fmoc-arginine ¥}, 2.5 J2F DIEA
DMF gulz2 7k 3 4120l 2 h 52} whgstich DV
2 FR A& &, deprotection solution (piperidine : DMF =
2 1 8) < 20 mingt A 2Jsto] ofn|ieAke] Fmocs A|ASHA
th 7IolA EIAE 7]E(Sigma Aldrich, USAYE AR8-519
ykgo] AS Belaka 1l DMFZ AJE S5tk of
5 arginine, lysine, leucine, valine, histidine, arginine <~A]=
U e WHESIRITE 2 B9 Fmoc-ofn|ieqbl} 2 B
HBTU, 2 9=F HOBT, 2.5%2 DIEA = DMF ujs 7}3t
F 207 E3E WS- Blgich FolA HlAER wige] £

Kl
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o sklsli DMFR AFHsigch 2% T4 gw
cleavage cocktail solution (trifluoroacetic acid : water :
triisopropylsilane = 95 : 2.5 : 2.5)2 ARg3}o] HEP|=E
gRlofA] Zefslar diethly ethers ol-83t] A AIXl 5
Azs Asiol WElE 25 AEL Sl

PEE Hepel=9] =5 high-performance  liquid
chromatography (HPLC, U-3000, Thermo fisher scientific, USA)
B8 B9l ERIser, Cs (Pursuit XRs, 250 x 4.65 mm
100 A, Agilent, USA) AL o]&3}o] 054+ 0.1 % TFA in
water / 0.1 % TFA in acetonitrile gradient }ol] -§<5 1 mL/min
202 UV 214 nm o] HE3to] RIS

Baep FelS 93] LCMSMS (3200 Qump, AB
SCIEX, USA) B418 Haslaon Gy Aue oleslo]
o]%=A} 0.1 % formic acid in water/0.1 % formic acid in
acetonitrile gradient 3ol < 025 mU/min XASFE
MSMSE & 291 silck MSMS 74 =42 ESI
Positive mode, Source/Gas : CUR = 20, CAD = High, IS =
5500, TEM = 350, GS1 = 50, GS2 = 50/Compound DP = 50
~ 80, EP =10, CE=10 ~ 50, CES = 1 ~ 10= I35}
AcK(Table 1).

222 TH EftRE 2™ 2M(SPR Analysis)

FEgleto| =2} Lor57toll AdHE-2 Biacore T200 system
(USA) AHIE olgelsin HE ZelxE B V1M B
3] =4 =|%lck EDC/NHS amine coupling kit2 ARES}o]
Human recombinant Lgr5-His THHZS- 1800 RUZLCE
CM5 sensor chipo]l 231Hc) delHElo| =& HBS-EP
Az=golal 7 25 Col|A B 30 ul HEE flow cell
ol FRJelsick ofF Hlole] HAol= Biacore T200
evaluation software ver. 3.1 (USA)E ©]&3}9ich

223, M= H{QF

Al3lo| A}83F HHFDPC, HHORSC, HHGMC A=
ScienCell (USA)olA] 15131 5 % FBS, 1 % penicillin/
streptomycin=- 3E35F MSCM v & 37 C, 5 % CO,24
SOl wljersteicy. HHFSC A= CELPROGEN (USA)
of Al ¢18}4 3L human hair follicle stem cell media with

Table 1. Synthesized Heptapeptide

Name Sequence Purity (%) M.W. (Da)

Heptapeptide NH-RHVLKRR-OH 98.8 964.2

J. Soc. Cosmet. Sci. Korea, Vol. 49, No. 1, 2023
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serum HA| 2 wfjFstGict. wiek =
224, M= B4 =1 A

AlEze] SAlol thgt a5 ERIst] $lsll HHFDPCE
4 x 10° cells/well W= 96 well plateo]] £5510] 24 h u
9F & 24 h 52t serum-free DMEM B[R] 2 vjoF5}3ic). o]
< serum-fiee DMEM HjZ] ZZof|A] gEPfElO|=E 10,
50, 100 uM 5= A |5l 37 Colla] 72 h <t vl 5}
Ak vioko] ek NS ol8sto] thaat o] MIT
assayS 21851k 5 mgmlL MITS ZF wello]] 10 ulA]
718kl 4 h 5<E 37 C 204 A8 & iz & AlA
8}aL DMSO 100 uLs A2jsto] znpzk(formazan) s 531
t}. Eagane 7A|(SpectraMax M2e, Molecular device, USA)S
ARgB1O] 540 nmef|A19] FFEE SASHt

oo

22,5, RTX} & 2AM(RT-PCR)

A HE e 9st Ael 22 ot Atk
HHFDPC, HHORSC, HHGMC A|EZE 2 x 10° cells/well
T2 6 well plateo] 2535101 24 h vjoF = 24 h oL
serum-free DMEM H|X|Z BloF619ich 0|3 serumree
DMEM uj] 2710l Fefaletol=g ez Aelstn
37 CollA 24 h Z<F wjek 31ich

WgE7IMze] 23t #EkE 9Igh A7 22 thaat
2t} HHFSC AJEZE 2 x 10° cellswell W= 6 well plate
of| B3510] 24 h vl|oF & 24 h £2F serum-free human hair
follicle stem cell media= vjeF5}Ich o3& serumfree
human hair follicle stem cell media Z7o|A FlERHElO|=
£ xR 72 h A2sknh

HjoF 28 5 easy-BLUE kit (iINtRON Biotechnology,
Korea)2 A|ZZ 345111 RNAZ Heldt & RT DryMIX
(enzynomics, Korea)S ©]-835}0] cDNA S 7@16‘4 STk
0] & DryMIX-nTaq (enzynomics, Korea)Q} Z+ --4=}o]| o
gh Zeto|u(Table 2)5 o|-8sto] M 5] %, PCR H]
(Vapo. Protect, Eppendorf, Germany)E ©]-8-5}0] annealing
temperaltureE 60 C2 AA3}L 30 cycle® PCR Z3Y3} o

& WI9FE BN A W P FABAY, ol

7\] 2ol 9 B2 molecular imager® Gel Doc XR System

(Bio-Rad, USAYS o]g5}e] 18} a1ick.
2.2.6, CHHE! IS 2M(Western Blotting)
AE F4) B QlAfel Al % ERKS] QUAK} 45 2
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Table 2. Primer Sequences

Gene Primer
Forward  5°- CCAGCTATTGTAACACCTCA -3’
LEr Reverse  5’- TTCAGATGTAGGCAGCTGTC -3’
CyelinDI Forward 5’- ACCTTCGITGCOCTCTGIGOCACAGATG -3
Reverse 5’- AGGCCCGGAGGCAGTCCGGGT -3’
Forward 5°- ACCAGCAGCGACTCTGAGGAGGAAC -3
oMye Reverse 5~ TGACCCTCTTGGCAGCAGGATAGICC -3
Forward  5’- CAATGCCTCTGGTTCCCCTT -3
HGE Reverse  5’- CCCCTCGAGCATTTCGACAG -3’
Forward 5’- TCTGTCGAACACAGTGGTACCT -3’
KGF Reverse 5’- GTGTGTCCATTTAGCTGATGCAT -3’
Forward 5’- ATGAACTTTCTGCTGTCTTGGGT -3’
VEGE Reverse 5°- TGGCCTTGGTGAGGTTTGATCC -3’
Forward 5’- GATCATCGAGCTGAGACGCA -3’
Has-1l Reverse  5’- CTGGCCCCAGGGTATCTAGT -3’
Forward 5’- CCCTCAAGGATGCCAGGAAC -3’
KRIS Reverse 5’- CACTGCTACCTCCGGCAAC -3’
Forward 5’- CCAAATCCGCACCAAGGTCA -3’
KR4 Reverse 5’- GTATTGATTGCCAGGAGGGGG -3’
Forward 5’- CGGTCAAGTCGGAAAATTCA -3’
MEX2 Reverse  5’- GAGGAGCTGGGATGTGGTAA -3’
HOXCI3 Forward 5’ GCCGTCTATACGGACATCCC -3’
Reverse  5’- GCAGTACACCTGACTGTCCC -3’
Forward 5’ CGGCATGCAAGTGTGACACC -3’
o34 Reverse  5’- GACATTGCCCCTTCCCTTTG -3’
Forward 5’- GAGACCAAAGAGGCGTTGGA -3’
Cb133 Reverse  5’- GGCTAGTTTTCACGCTGGTC -3’
Forward 5’- CCAGCAAGACGGAGATCACA -3’
KRT1S Reverse  5’- GAAGAGGCTTCCCTGATGGC -3’
Forward 5’- CAGGTGCTCAAAGGCTACGA -3’
50%9 Reverse 5’- CGCCTTGAAGATCCCGTTG -3’
. Forward  5’- CAGTGGAATCTGCATCCCCG -3’
Corin Reverse 5’- CAGCGATGCTCTGTTGTGG -3’
Versican Forward  5’- CCGTTCTTCCCAGGAAACTT -3’
Reverse  5’- TGCAGCGATCAGGTCGTTTA -3’
Vimentin Forward 5’- TGGACCAGCTAACCAACGAC -3’
Reverse  5’- GTCATTGTTCCGGTTGGCAG -3’
GAPDH Forward 5’- GGAGCCAAAAGGGTCATCAT -3’

Reverse

5’- GTGATGGCATGGACTGTGGT -3’




Lgr5ot Ajtels 4lat FAekEto] =8 o] 83k
2o 93k A2] 2AE Thea} Pt HHFDPC AJEE 2 x
0 cellswell W= 6 well plateo]] E5510] 24 h vjek &

24 h B9t serumfree DMEM B2 HljoFslict o] &
serum-free DMEM HZ| 27104 Fepilefol =5 s=d
2 30 min A5}k

2HJokE Becatenin B o]z TR PR AP 2
et Atk HHFDPC A|ZS 2 x 105 cellsiwell UER 6
well plateo]] £555104 24 h vljoF 3 24 h 591 serum-ree
DVEM ) ufefssich. ol serumfiee DVIEM o] %
oA FefgEl =S sz 24 h 2]tk Bcatenin
o) gt AR Hel2 91 Nudear and Cytoplasmic
Extraction Reagents (Thermo, USA)S A}g-51%ch

mgErIMze] &2 e 9fet Ae 272 ohaat
Z¥cl. HHFSC AEZE 2 x 10° cellswell W= 6 well plate
of] B55}0] 24 h H9F = 24 h =2} serum-free human hair
follicle stem cell media® HjoFs}Ith o3 serumfree
human hair follicle stem cell media o4 JelHElo|=
=2 exdz 72 h Askick

HijoF F5 5 lysis buffer (Merk, Germany)= A|3ZE
3fJoF 2 BCA protein assay kit (Thermo, USA)S o]-83t ©
Aere stk 2 Aelte] chulzl okS ukx]
MZ zulslo] SDSPAGE 9 PVDF membranei_J
ransfer ZI3S}TE 0.5 % Tween 205 Z3H5H PBSO]| 01

5 % YA 2 h blocking?t - 7t ‘%‘ﬂié‘oﬂ ot A
F215 4 C oflA] ovemight 77 o= ZIePsIGic) o]z} &
Alof] H2kE] HRPE- western detection reagent 2} HF-3-31 &
Amersham  ImageQuant 800 (Cytiva, USA) ©.& o]u]x]

op

ul ;<1
-

HAS Rdsiick
227 =7
2 ATtofA AAE HE AP 3 3] o|AF RREE|GIa

glojglo] B4 o4 HAL student’s rtest= A3 E]
otk A3 A3} ZH5-S mean + standard deviation (SD)©.&
LERHSIAL p value 0.05 w|FRR] A5 FAA [/l
U Alow Hetsgik

3. Zut A 1
3.1, FEIHEIO|=Q} Lgr52| Agt &0l
$-2]+= Biacore T200 H|E o]% I SPR BAS =3

Lersoll et 3

il

o jﬂ

g Alaze] @y RdETIAE st 79
immobilized CM5 chipof] £AE2] JEME|=E sz
9] & sensorgramS TRIGI-S o H]wA] W= association
2} w2 dissociation®] THEHE|UA|E 5= 2491 response
wit (RU) 577 = ckFigure 1A). 2% 318k= 24
2 )3} Biacore T200 evaluation sofiware 3.1 o]-838}o] 1
tl fittingS AT 1 AT} Kp valuels 1824 + 55.8

M= Ak i ri(Figure 1B).

3.2, EIEFHEIO|=9| HHFDPC S4!
SEHickl=7} HIDRCS) 348 Y
Sl S BEHERO1=S 10, 0,
S MIT assayS 4~
71 o) Basiel - zhiow 21e} 38 %)
Ho] olzolal= AL RIS 4= AT Figwe 2A)
Az As F= F A Autolo]

]\

(A)
o ——— S00uM Heptapeptide
250uM Heptapeptide
—— 125uM Heptapeptide
——— 62.5pUM Heptapeptide
——— 31.25pM Heptapeptide
——— 13.625uM Heptapeptide

Response (RU)

Til:we (s)
B)
Ko = 1824 + 558 pM

0.3 0.4 0.5 0.6

0.2
Concentration (mMM)

Fgure 1. (A) Typical SPR sensorgrams are demonstrated interaction
of heptapeptide with immobilized Lgr5 protein at different
concentrations (15.625 to 500 M) on the CM5 chip. (B) Shown
here is the heptapeptide (Kd = 182.4 + 55.8 uM). The binding
responses (RU) have been reference subtracted and normalized
for clarity.
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Figure 2. Heptapeptide stimulated HHFDPCs proliferation. (A)
Cells were treated with three concentrations of heptapeptide for
72 h and cell viability was measured by MTT assay. (B) Cells
were treated with various concentrations of heptapeptide for 30
min and the levels of phospho-Akt and phospho-ERK were
analyzed by western blotting. The ratio of phospho-Akt / total
Akt (C) and phospho-ERK / total ERK (D) was calculated. The

results were expressed as the mean = SD from the three
independent experiments p < 0.05, “p < 0.01.
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Figwre 3. Heptapeptide activated the Wnt/B-catenin signaling
pathway in HHFDPCs. HHFDPCs were treated with heptapeptide
for 24 h. (A) The protein levels of cytoplasmic and nuclear 3
-catenin in the HHFDPCs were determined by western blotting.
(B) Quantitative analysis of f-catenin (cytoplasmic and nuclear)
protein level. (C) LEF-1, cyclin DI and c-Myc mRNA levels were
determined by RT-PCR. (D) Relative mRNA expression levels of
LEF-1, cyclin D1 and c-Myc. The western blotting and RT-PCR
results are the mean + SD from duplicates of three independent
experiments. p < 0.05, “p < 0.01.
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Figure 4. Heptapeptide increased the expression of growth
factors in HHFDPCs. (A) The HGF, KGF, and VEGF mRNA
expression levels were measured by RT-PCR. (B) The fold changes
were normalized to the expression of GAPDH. The results were
expressed as the mean + SD from the three independent
experiments. p < 0.05, “p < 0.01, “'p < 0.001.
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Figure 5. Heptapeptide increased the expression of differentiation
markers in HHORSCs and HHGMCs. (A), (C) Cells were
treated with various concentrations of heptapeptide for 24 h.
mRNA expression levels were measured by RT-PCR. (B), (D)
The bands that were densitometrically measured and normalized
against the mRNA expression level of GAPDH. The RT-PCR
results are themean + SD from duplicates of three independent
experiments. “p < 0.05, “p < 0.01, "p < 0.001.
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Figure 6. Heptapeptide decreased the expression of stem cell markers
in HHFSCs. (A) mRNA expression levels of CD34, CD133, KRT15
and SOX9 were measured by RT-PCR. (B) The fold changes were
normalized to the expression of GAPDH. (C) Protein levels of CD34
and KRT15 protein levels were dectected by western blot. (D) The
fold changes were normalized to the expression of o-tubulin. The
RT-PCR and western blotting results are the mean = SD from
duplicates of three independent experiments. *p < 0.05, **p < 0.01,
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Figure 7. Heptapeptide increased the expression of differentiation
markers in HHFSCs. (A) mRNA expression levels of Corin,
Versican, Vimentin were measured by RT-PCR. (B) The fold
changes were normalized to the expression of GAPDH. (C)
Protein levels of o-SMA and K6hf were dectected by western
blot. (D) The fold changes were normalized to the expression of
a-tubulin. The results were expressed as the mean + SD from
the three independent experiments. p < 0.05, “p < 0.01.

W A B} IEIAE 25 FE 83

(Figure SD). FEpfIEto]=7} HHFDPCIERE oy} s
TYohs AlEEe] PR Fol B RS =2 4 Sk

Aow AfREs Holc

3.6, ZEMHEIO|=0| HHFSC 23} =71 S}
HHFSCO] Hafo] dat Fepiletol=e] g
TR} 77k0] X AASO] mRNA W 9 phi g
WGk HHFSC 3E4]9110] (D342} KRT1S mRNA 2
& levelo] 7HA3131TL CDI333} SOX9L- 2}z 96 %, 68 %
o] o 742 LpehiQiti(Figwe 6A, B). (D349} KRTIS
Thal level A Fash= 7S HIhFigure 6C, D).
HHFSC 3} A] 57}=li= HHFDPC 34| QIA=of thgh
mMRNA 93-S 21013}93=¢] Corin (159 fold), Versican (4.9
fold), Vimentin (4.5 fold)o] %% oJ==0] 2712 Uehhgl
FU(Figure 7A, B), a-SMAS} K6hfi= ThIjE S0l Al
sl3ick(Figure 7C, D). FepPHEto] =7} HHFSCO] #3152
Z4sl| HHFDPC=E #3AZ 4= Stk A2 dSdh= 2

Ak

15

ro

N L

R-spondin> Wit 415714S SHA= IS o=
R 2] Lerd, LS, Ler6o] 235! B-catenin®] sl
2 SR Ao Wit TS 7PALT050L A ke
of| H]8}| R-spondin®] A%l wpe-2eoflx] Bk o] Hi
A YeRFal R-spondin £o A] HHFDPC2} hair dermal
kerainocyte®] ZJo] EIE 5 g HPAES] B4
of ek FUH3IL olofl T3 FaL & Aok 7
o] ofliato s ojsolxl FEklol=S o}get W
FR 4272, MR 29t 24 55 ekl
2} 35k

Foli= Wit/B-catenin 415 HEE FLAA U {4
9 Hinlof| FQ3t A Sh= Lersoll thgh Jepdetol=
o] AFS SPR Ao g FRIEIgIrt. o] HHFDPCO|
Kol FEREOlE P BRIsRIk, AE 24 el
Q1R[] Akt, ERKO] QM4ke} =5 Z717F HE=|Qie). ERt
qlepglelol=o] ofa) AZ o) Y=e] Boatenin o]
TEQar, 71 81 8 AxE5Q1 LEF-1, Cyclin-DI, c-Myc &
Al =& TR o] S7HESIE AR WA=
HGE7} FiefEfol=o] els) Y58 e 718 Holo]
HHFDPC 2o 34421 gk & A o= oAt o]

J. Soc. Cosmet. Sci. Korea, Vol. 49, No. 1, 2023



84 AWE - o8]

9} tl&Eo] HHFDPC =t Af|3Z3] HHORSCS} HHGMCo]|

gt Fepietol|=9] a5 WIS wf 7o) w3}
A QIAFEQ] Ha3-ll, KRT5, KRT14 2 MSX2, HOXCI3
U A Z7HE HE I

SHEAE At JeRdElo|=s oA B S|4
Eololle Fake oItk i E71M1229] tixEA 74 <
Aol CD342} KRT157F ©HZl7} mRNA levelof|A Zol=
HhHe]] HHFDPC E0]4 34| AHS 3 Corin, Versican,
K6hf o] p5Eo] FEejR|A| F7lste] E7A1E 3ol
= Zlos Yeith

Q9] AES vigow mo] g £x1 9 g i
A A RA 2 A7) Fepietol=rt 28E 4= kS A
°F 7ot

S

2

References

1. Y. E. Kim, H C. Choi, G. W. Nam, and B. Y. Choi,
Costunolide promotes the proliferation of human hair
follicle dermal papilla cells and induces hair growth in
C57BL/6 mide, J. Cosmet. Dermaotl., 18(1), 398 (2019).

2. V. H. Price, Treatment of hair loss, N. Engl J Med.,
341(13), 964 (1999).

3. K D. Kaufman, E. A. Olsen, D. Whiting, R. Savin, R.
DeVillez, W. Bergfeld, V. H. Price, D. van Neste, J. L.
Roberts, and M. Hordinsky, Finasteride in the treatment
of men with androgenetic alopecia, Finasteride male
pattern hair loss study group, J Am. Acad. Dermatol,
39(4), 578(1998).

4. J. L. Burton and A. Marshall, Hypertrichosis due to
minoxidil, Br. J Dermatol., 101(5), 593 (1979).

5. S. Tiede, J. E. Kloepper, D. A. Whiting, and R. Paus,
The “follicular trochanter’ : an epithelial compartment of
the human hair follicle bulge region in need of further
characterization, Br. J. Dermatol., 157(5), 1013 (2007).

6. M. R Schneider, R. Schmidt-Ullrich, and R. Paus, The
hair follicle as a dynamic miniorgan, Cwrr. Biol., 19(3),
R132-R142 (2009).

7. G. Cotsarelis and S. E. Millar, Towards a molecular
understanding of hair loss and its treatment, Trends Mol.
Med., 1(7), 293 (2001).

8. D. Enshell-Seijffers, C. Lindon, K. Kashiwagi, and B. A.

) ehsl4E a3 A, 4498 Al 1 5, 2023

A - QLA - ew

10.

11.

12.

13.

14.

15.

16.

17.

=1

Morgan, [3-catenin activity in the dermal papilla regulates
morphogenesis and regeneration of hair, Dev. Cell., 18(4),
633 (2010).

. T. Tong, N. Kim, and T. Park, Topical application of

oleuropein induces anagen hair growth in telogen mouse
skin, PLoS One, 10(6), 0129578 (2015).

D. Van Mater, F. T. Kolligs, A. A. Dlugosz, and E. R.
Fearon, Transient activation of beta-catenin signaling in
cutaneous keratinocytes is sufficient to trigger the active
growth phase of the hair cycle in mice, Genes Dev.,
17(10), 1219 (2003).

G. Cotsarelis, T. T. Sun, and R. M. Lavker,
Label-retaining cells reside in the
pilosebaceous unit: implications for follicular stem cells,
hair cycle, and skin carcinogenesis, Cell, 61(7), 1329
(1990).

M. P. Philpott, D. A. Sanders, and T. Kealey, Effects of
insulin and insulin-like growth factors on cultured human
hair follicles: IGF-I at physiologic concentrations is an
important regulator of hair follicle growth in vitro, J
Invest. Dermatol., 102(6), 857 (1994).

L. Guo, L. Degenstein, and E. Fuchs, Keratinocyte
growth factor is required for hair development but not for
wound healing, Geres Dev., 10(2), 165 (1996).

S. Shimaoka, R. Tsuboi T Jindo, R. Imai, K. Takamori,
J. S. Rubin, and H. Ogawa, Hepatocyte growth factor/
scatter factor expressed in follicular papilla cells
stimulates human hair growth in vitro, J. Cell Physiol,
165(2), 333 (1995).

V. Jaks, N. Barker, M. Kasper, J. H van Es, H J.
Snippert, H. Clevers, and R Toftgard, LgrS marks
cycling, yet long-lived, hair follicle stem cells, Nat.
Genet., 40(11), 1291 (2008).

K. M. Polkoff, N. K. Gupta, A. J. Green, Y. Murphy, J.
Chung, K. L. Gleason, S. G. Simpson, D. M. Walker, B.
Collins, and J. A. Piedrahita, LGR5 is a conserved
marker of hair follicle stem cells in multiple species and
is present early and throughout follicle morphogenesis,
Scientific Report, 12, 9104 (2022).

H. X Hao, Y. Xie, Y. Zhang, O. Charlat, E. Oster, M.
Avello, H. Lei, C. Mickanin, D. Liu, H Ruffher, X

bulge area of



18.

19.

20.

21.

22.

23.

24.

25

Lersot Agtel= Al fegeto| =5 o] &3 <

Mao, Q. Ma, R. Zamponi, T. Bouwmeester, P. M. Finan,
M. W. Kirschner, J. A. Porter, F. C. Serluca, and F.
Cong, ZNRF3 promotes Wnt receptor tumover in an
R-spondin-sensitive manner, Nature, 4857397), 195
(2012).

W. D. Lau, W. C. Peng, P. Gros, and H. Clevers, The
R-spondin Lgr5 Rnf43 module- regulator of Wnt signal
strength, Genes Dev., 28(4), 305(2022).

A. Flores, J. Schell, A. S. Krall, D. Jelinek, M. Miranda,
M. Grigorian, D. Braas, A. C. White, J. L. Zhou, N. A.
Graham, T. Graeber, P. Seth, D. Evseenko, H. A. Coller,
J. Rutter, H. R Christotk, and W. E. Lowry, Lactate
dehydrogenase activity drives hair follicle stem cell
activation, Nat. Cell. Biol., 199), 1017 (2017).

A. A Smith, J. Li, B. Liu,D. Hunter, M. Pyles, M.
Gillette, G. R. Dhamdhere, A. Abo, A. Oro,and J. A.
Helms, Activating hair follicle stem cells via R-spondin2
to stimulate hair growth, J Invest. Dermatol., 136(8),
1549 (2016).

J. D. Hoeck, B. Bichs, A. V. Kurtova, N. M. Kljavin, F.
S. E Melo,B. Alicke, H Koeppen,Z. Modrusan, R.
Piskol, and F. J. Sauvage, Stem cell plasticity enables hair
regeneration following Lgr5+ cell loss, Nat. Cell Biol.,
19(6), 666 (2017).

L. H. Kligman, C. H. Duo, and A. M. Kligman, Topical
retinoic acid enhances the repair of ultraviolet damaged
dermal connective tissue, Conmect Tissue Res., 12(2), 139
(1984).

J. J. Leyden, Treatment of photodamaged skin with
topical tretinoin: an update, Plast. Reconstr. Surg., 102(5),
1667 (1998).

K. M. Sohn, K. H. Jeong, J. E. Kim, Y. M. Park, and H.
Kang, Hair growth-promotion effects of different
alternating current parameter settings are mediated by the
activation of Wnt/beta-catenin and MAPK pathway, Exp.
Dermatol., 24(12), 958 (2015).

. W. H. Lin, L. J. Xiang, H, X, Shi, J. Zhang, L. P. Jiang,

jﬂ Tk

26.

27.

28.

29.

30.

31

| g3t RYEIAE B fE

85

P. T. Cai, Z L. Lin, B. B. Lin, Y. Huang, and H. L.
Zhang, Fibroblast growth factors stimulate hair growth
through (3-catenin and Shh expression in C57BL/6 mice,
BioMed Rese. Int., 2015, 730139 (2015).

H.J. Morgan, A. Benketah, C. Olivero, E. Rees, S. Ziaj,
A. Mukhtar, S. Lanfredini, and G. K. Patel, Hair follicle
differentiation-specific keratin expression in human basal
cell carcinoma, Clin. Exp. Dermatol., 454), 417 (2019).
L. F. Jave-Suarez, H. Winter, L. Langbein, M. A. Rogers,
and J. Schweizer, HOXCI3 is involved in the regulation
of human hair keratin gene expression, J Biol. Chem.,
277(5), 3718 (2002).

L. Ma, J. Liu, T. Wu, M. Plikus, T. X. Jiang, Q. Bi, Y.
H. Liu, S. Miiller-Réver, H. Peters, J. P. Sundberg, R.
Maxson, R. L. Maas, and CM. Chuong, 'Cyclic alopecia
in Msx2 mutants: defects in hair cycling and hair shaft
differentiation, Development., 130(2), 379 (2003).

K. S. Carmon, X. Gong, Q. Lin, A. Thomas, and Q. Liu,
R-spondins function as ligands of the orphan receptors
LGR4 and LGRS to regulate Wit beta-catenin signaling,
PNAS, 108(28), 11452 (2011).

H. Ruffner, J. Sprungerl, O. Charlat, J.L. Davies, B.
Grosshans, A. Salathe, S. Zietzling, V. Beck, M. Therier,
A. Isken, Y. Xie, Y. Zhang, H. Hao, X. Shi, D. Liu, Q.
Song, 1. Clay, G. Hintzen, J. Tchorz, L.,C. Bouchez, G.
Michaud, P. Finan, V. E. Myer, T. Bouwmeester, J.
Porter, M. Hild, F. Bassilana, C. N. Parker, and F. Cong,
R-Spondin  potentiates Wnt/[3-catenin  signaling  through
orphan receptors LGR4 and LGRS, PLoS One, 7(7),
e40976 (2012).

A. Hagner, W. Shin, S. Sinha, W. Alpaugh, M.
Workentine, S. Abbasi, W. Rahmani, N. Agabalyan, N.
Sharma, H. Sparks, J. Yoon, E. Labit, J. Cobb, I
Dobrinski, and J. Biemaskie, Transcriptional profiling of
the adult hair follicle mesenchyme reveals R-spondin as a
novel regulator of dermal progenitor function, iScience,
23(4), 101019 (2020).

J. Soc. Cosmet. Sci. Korea, Vol. 49, No. 1, 2023





