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Isoalantolactone (ISA) Stimulates Hair Cell Growth Through Activation
of the WNT/f-catenin and Ras/MAPK Pathways

Bu Young Choi*

Department of Pharmaceutical Science & Engineering, Seowon University, Cheongju, South Korea

Abstract — Hair loss is a significant concern in modern society, often leading to psychological stress and low self-esteem. This
study explores the potential of isoalantolactone (ISA), a natural compound, as a preventive and therapeutic agent for hair loss.
ISA activates the WNT/f-catenin signaling pathway, which plays a crucial role in hair follicle regeneration and growth, and
promotes the proliferation of hHDFP cells. Additionally, ISA enhances hair cell growth by upregulating Erk1/2, a key com-
ponent of the RAS/MAPK pathway, and indirectly prevents S-catenin degradation by regulating WNT signaling, thereby accel-
erating early hair growth. In a C57BL/6 mouse model, ISA administration significantly improved hair growth and increased
hair thickness compared to the control group. These findings suggest that ISA may serve as a promising novel treatment for

hair loss by stimulating hair growth.
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Fgo] B mito] gefslA kY

olglg g F7)= I Al Z AS A A =9
wom 7 Fo| A% WNT/S-catenin A2 2de] A%
NS Feshs A 710z deEA k. Wnt/B-catenin
Frizzled®l] Agtshe & TR o] 2157} DA3l=™ GSK3p
B3| 7} low-density lipoprotein receptor-related protein 5/6
(LRP5/6)S Q1Atslelar 914kl ¥ LRPS/6= Axins 53
p-catenin®] Q12F8}E AL f-catenind & QFOZ ¢
o] T cell factor/lymphoid enhancer factor (TCF/LEF)%}
A3t} 30 w2t WNT/S-catenin 2135 22| HejdA
2 Ao Fagh G gt wjol EI]ol|A] B-catenine
AAsHE B G7do] o] FoIAA] edor vz wFHAT]
™ Ao mgo] A2 FAETESS TG WNT/B-catenin
A5 7t BAastE G RgolA 2 Al xE DA stete]
g QS AlFehs Sa8 98 gtk Bk 7] 24
Hosls E TS 8% 415 Janus kinase-signal
transducer and activator of transcription (JAK-STAT) family
& SRl STAT6 =0t} STAT6= IL-49} IL-1391] ©]s]
st IL-4= IL-4Rost =2 ZsPdom ZAdsio
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Fig. 1. Isoalantolactone chemical structure.

Jak1 % Jak3E B/d3latal STAT6 BAl S 14k} ¢ vk
EE o|FAIS) ot I FoE K9] $ STAT6 3#2 2t
WS B3l B AlE A, T2 52 AAEE Y 919 =
J 34 2 3= WNT/B-catenin 3} Janus kinase-signal
transducer and activator of transcription (JAK-STAT) 3£4] %k
WAL A 9B ASAZ vl5 2F2| %= (Food and
Drug Administration, FDA)Y %918 -2 734491 1]
AT (minoxidil} 50-8H & 4 A A (So-reductase inhibitor)
Ql Fup2H ko] = (finasteride) 22 S}etE©] ZHaL e T
b=, W, SHHRE] Alg 49 475 Aol o kg0

E2 MY = dE AZE 718 ARAS) 7P S 7w

EEX R A7 Aol mEr gt A, 3, 3
& AHES 5o st %3 S 7 AL ke
A7HA] ISAS] B= ol e Bl A tigk Ae
B vk Qi ofel] & Aol M= ISAS] B 4 2t
of that Aeh4 27E FHsl, o5 F3l ISA7F A2
95 X5 B o A2 A 7S W bstalat &t
ATH.
Mz S ah

AEME - & Aol A% Isoalantolactone (ISA)y> Merk
korea (Gangnam-Gu, Republic of Korea)oll4] +¢I3}iTh,
o] Aol ARSH BE A2 BA &S 55O 2 Y3t
ATH.

MZHQ — E Ao AL2-%E Human hair follicle dermal
papilloma (hHFDP) A| = Abm Inc. New York, NY, USA)e]|
A Y8R AL 3T3-Wnt reporter |25 Enzo life science
(Farmingdale, NY, USA), 2] 3 HEK-Blue-STAT6 A| X+
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BPS bio science (San Diego, CA 92121, USA)ZFE 4313
t}. hHFDP A & Antibiotic/Antimycotic Solution (HyClone™,
Marlborough, MA, USA )= penicillin 100 U/ml=} streptomycin
100 pg/mle] FE=Z, 3T3-Wnt Al 5= puromycin (10 pg/
ml), penicillin (100 U/ml)3} streptomycin (100 pg/ml) 2] 37,
HEK-Blue-STAT6 M| 23 blasticidin 10 pg/ml (Gibco, NY,
USA), zeocin 100 pg/ml (Invivo gene, San Diego, CA, USA),
penicillin (100 U/ml)3} streptomycin (100 pg/ml)e] ==
AMESIATL 10% Fetal Bovine Serum (FBS) (HyClone™,
Marlborough, MA, USA)7} %% Dulbecco's Modified
Eagle's Medium (DMEM) (CORNING, corning, NY, USA),
HIA 2 37°C, 5% CO, ¥l 71641 vl eFataict.

hHFDP MZE 0|&& M= & £8(Cell growth assay)—
hHFDP A X+ 96-well plateol] 5x10° cells/well & == 5
SIAIL 5% (viv) COE 3= ¢ tl7] 2719 37°C &
7oA 24X 71 Hl%F 3 [SA FEE-2 0.1~10 pM T U4
Z EIATE Y (tofacitinib) (Sigma-Aldrich, Burlington,
MA, USA)E 0.01~1 pM 5= 2 22] 5 24X)7F &<t b
3t Luciferase activitys= A €43 M22e] EA)E L
ER= ATPS| S 7IREO 2 ufjgllol x| AE M2 75
ZAA 3= ¥l CellTiter-Glo® Luminescent Cell Viability
Assay kit (Promega Corp., Madison, W1, USA)E ©]-&-3}<]
LuBi luminometer (Berthold TEC GmbH & Co., OakRidge,
TN, USA)E g3l 7433t B 23 Al whEat]
AINE Ao HFghke EFHAH(mean + standard error
of the mean (S.E.M.))Z YE ST},

MAIZE MZ ME BM A|AH|(Real time cell growth
Assay) — xCELLigence A|2~5(ACEA Biosciences; San Diego,
CA, USAY2 ZAa} A2 AlA offlo]& ARg-ste] AlEZ 52,
Az 54, 53 AE 7R, Y 2 olsd A2 Al 3t
AL ghdl glo] AAzke s RUEY & 4 Stk Al A5
(Ch) o= FAH e AF dodae ME 7, AEE, FH
T M| BETHA Aol gk A= B RE Al gshe )
AREEIITE Al FE, ME F2F B Al AL 7R
7He- M A o] Ml welldll SR8 ME 5 A
02 Z43l= C1o] ¥sk= Ve Atk xCELLigence| 2251 9]
E-plate Z} wellel DMEM(10% FBS, Antibiotic/Antimycotic
Solution) HJA] 150 pl 5=+ & E-plateS A2l A4 3L
714 HEo] A-TA SlstaL 24417 <t 37°C, 5%
CO, Bid7IollA 712 ks SA 3Tt 24417F & hHDFP
A EZ E-plate®] welloll 2 x 10* cell 353+ 5 24117} 37°C,
5% (v/v) CO, B0l A v F & 0~3 uM F=EE [SAS
Aglate] Aol S Hd 96AIZF T Ao R S
SHATE Ao A4S 7] Yd¥d 2= xCELLigence A2~
g9] RTCA T ~ZEF oS Tl Clikez S48kt
Al el ARS whEste] Aighs doler, o A=
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mean =+ standard error of the mean (S.E.M.) 2.2 YeRJATH

Reporter gene &4 ZXA(Luciferase assay)-— TCF/
LEF luciferase 2412 2 % 3T3-Wnt Al Z= 96-
well plateol] 3x10° cells/wellS- E33}1o] 241 7H5<H v 7]
of|A] wll ket & 3T3-Wnt M| 3E= Wnt 3a (50%, v/v), tofacitinib
04 uM FE ISA 55E 0.03~10 pMZ 2] 5ke] 484 7F
FoF w3l T} STAT6-luciferase® B2 7+ ¥ HEK-blue
A= 96-well platedl] 5x10° cells/wellS E5-3+ 3 244 7F
Hjk71o1 4 v F3l 3- interleukin 4 (IL-4) 10 ng/ml (Sigma-
Aldrich, Burlington, MA, USA)E ©5 H+ tofacitinib 0.4
uM 9} 1SA F5=H 0.03~10 uM E3}s1e] vl sl Al
E9] w2 10% FBSE &¥ DMEMHIAIZ 5% (v/v)
CO,& Egtete &3 th7] 2719 37°C S Ates
3T}, Luciferase activity luciferase assay kit (Promega
Corp., Madison, WI, USA)S- ©]8-3}>] LuBi luminometer
(Berthold TEC GmbH & Co., OakRidge, TN, USA)Z 53l
73t Al o] s WSl Aaghks Ao,
21 3= mean =+ standard error of the mean (S.E.M.)S. &
LFERH T

CHEA 415 2M(Immunoblot assay) — hHDFP Al =
100 mm Plateol] 2.5x10* cells 53+ ¥ IL-6 H= IL-4S
o= 223 A3} ISA (0.3~10 pMys = T Tofacitinib
0.4 uM} 7 23 S 10% FBSE ¥H1s= DMEM
HiR]oll A 37°C, 5% (viv) CO, ¥l g7]00A] 484171 il sttt
HjFE M52 RIPA (Radio-ImmunoPrecipitation Assay)
lysis buffer (50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 1%
IGEPAL CA-630, 0.1% sodium dodecyl sulfate (SDS), 1X
Protease inhibitor cocktail)Z 235} ch E2d Tz
Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific
Inc. Waltham, MA, U.S.)¢] AAE WS uje} oz s
& 3to] A (20 pg)yS Novex™ WedgeWell™ 8-10% H-=
4 -20%, Tris-Glycine SDS-PAGE (Invitrogen, Waltham, MA,
USA)E ARE-31e] #-2]313 ). Immunoblotting®l] 2J3l -actin
(Sigma-Aldrich, Burlington, MA, USA), f-catenin, p-f-catenin,
STAT6, p-STAT6, Erk1/2, p-Erk1/2 12]3 STAT3 (Santa
Cruz Biotechnology, Dallas, TX, USA) ¥ %3-S ChemiDoc
imaging system (BIORAD, Hercules, CA, USA)S AM&-3}¢]
2439k, WS 38 wslo] A s,

In vivo B& 8% B4 —75% ¢7 C57BL/6 "H-2E
Oriental Bio Co (Seoul, Republic of Korea)oll A +13]o
23+3°Ce] 229} 50£10%2] A F25 28 W 771
2 2Fs fAlehs 197ke] A8 71 ¥ e 0o A
9 ZEM=3)C-E WFro] I1SAS] wita) A ¥ A 25
=43} PR 5 F91E5 A7) AE7](electric clipper)
B AR w2 ety ) o o+ felsle] ISA 3
WMEEE 1Y 13] 200 ui¥ 159 5<t 317 = W% Ay
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TasITE B g ATl ARSE AR 50% ol ghEo]
Z3HE G Zo ARSI BE sES T8 sEAY
+2] 9194 3] (Institutional Animal Care and Use Committee,
Chungbuk, Republic of Korea)oll 4] Q13 2 EFof| w2}
A= AT

SAXME| - BE AL 33] vhE APAA] s AF
Z 3= SPSS Subscription (IBM SPSS Statistics Inc, USA)YS
ol-gsle] FAIA oS AA SIS izt 2 AT 7k
SAA 4 HELE Student’s t-test?} One-way ANOVA
(Graph Pad Prism 5 software, La Jolla, CA, USA)YS A8}
o] BAIA ol #xP < 0.0191A st

dnt % 0

b

ISAS| DLXIL|RS(hHFDP) MZ M| O|Xl= gk -
ISAS] Bt A7 @35 717 flell ISA ol F52°]
hHFDP M 22| 437l wX& dFe ZARBIATE hHFDP
A ze] B I ATPS SHsHe WHo R Mg Eglon
A tETLOE STAT6 &4 oA a3t R Sl
tofacitinibS: AME-3IATE® ISAS] in vitro HY FE=
0.1~10 pMO 2 A slo] RGAHZ(hHFDP) tek &3}
A S W7kt ole A8 A7ellx] Bare fAF 72
sigtEe] G4 W91E sl on, ofn) Al ZE4g Aol
7 oA Ml AEE0] 90% oo 2 BlE 1S vl

ISA Ag]st2 FAg]tell vl hHFDPAE 4738 24
A3} A E7 tofactinib? FUEHA ISAH gl =
S o|EA 07 FTlshs AAE HoFUhFig. 2). B3
ISA®] hHFDPAIXE A7 B35 AAZEe R 318e 23,
ISA (0.01~3 uM) 5= 72]5 94 thZ2 tofacitinib 0.4
uMS A ste] F 96A17F 5t A A3t FA gl v
W3S W) hHDFP M X A7g&-0] A7 &2 02 F7tst
A 2po]2 JERNITHFIg. 3). 3] ISA 3 uM F=0l4
Bt A A 5] Ol ST AlE 2o TP e
SHA UERskeH, ole wet in vivo AP A TEe=
pMell Bt o E ARSI wEbA 2 Aol A
= ISA7} A& (in vitro)o| X1 hHFDP A| 2] Z2]4]] 1]
2 gt AW (in vivo)ollA] i Al mAs 5%
Z18y 3Tt

ISAe| m4t 224 E| Reporter gene 0] O|X|= gk —
T2 2 ISA7} hHFDP A|322] F2418 F318k= Al &
APYESHA 7138 71T meba] 2 A7 Ale e
A F 83 9&-S Sl= TCF/LEFS} STATS luciferase reportor
gene®] 2ol et [SAS] FaFs S48t

FH Aoll mpEH, Bilto] FA 7oA 7= HgkE of
P-catenin®] T o] Z7181aL, Wnt A& A oA A4 21 Dkkl
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Fig. 2. Cell Growth efficacy of isoalantolactone on hHFDP cells. To evaluate the effect of isoalantolactone on hHFDP cell growth, 1x10°
cells/well were seeded in 96 wells, treated with isoalantolactone (0.1-10 uM) and cultured for 24 h. Tofacitinib (0.01-1 uM was used as a
positive control. CellTiter-Glo® luminescent cell growth assay as described in the Methods. All experiments were performed in triplicate.
Asterisks indicate significant statistical significance (**p < 0.01).

5.5 -
s | =e=con
=f=Tofactinib (0.4uM)
'g 4.5 1 =[50l antolactone (0.01tM)
"§ 4 {  ==[soalantolactone (0.03uM)
= 35 - =¥=Isoalantolactone (0.1M)
g Isoalantolactone (1pM)
g 31 =d=[s0alantolactone (3ptM)
Y
g 25 -
<
B 27
(=]
1
o015 A
)
o 14
0.5 -
0 T T T T T T T 1

0 3 6 12 24 48 72 96

Time (hours)

Fig. 3. Cell growth analysis of isoalantolactone using a real-time cell analysis system. After adding 150 pl of medium per well,
background impedance was measured for 24 h. Then, hHDFP cells were resuspended and adjusted to 2 x 10* cells per well. Then,
50 pl of cell suspension and 150 pl of medium were added per well. After 24 h, 0-3 uM ISA and 200 pl of medium were added
and monitoring was performed for up to 96 h. Tofacitinib 0.4 pM was used as a positive control.

o] IS Bk S oJAIg ) gk, Wnt 8A B 385 AA|ste] AlEF B-catening SPEIIA7| AL HAE 9]
o] 74 24 5 2] Dishevelled?] 4d3hk= GSK- 8 o2 o]F3i} Wt GSK-35 AAIEHE Wnt A5
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Fig. 4. Effect of isoalantolactone using reporter gene assay. 3T3-Wnt cells transfected with the TCF/LEF luciferase construct were
seeded in 96-well plates (3 x 10° cells/well) and maintained in DMEM medium containing 10% FBS for 24 h. HEK-blue cells
transfected with STAT6-luciferase were seeded in 96-well plates (5 x 10° cells/well) and maintained in DMEM medium containing
10% FBS for 16-20 h. (A) 3T3-Wnt cells were treated individually with Wnt 3a (50%, v/v), tofacitinib (0.4 uM), and/or isoalan-
tolactone (0.03—10 uM) and cultured for 48 h. (B) Interleukin 4 (IL-4) 10 ng/ml alone or mixed with tofacitinib 0.4 uM and/or iso-
alantolactone (0.03—10 uM) and cultured for 48 h, followed by luciferase measurement using the Phospha-Light System.

A AR7} BA3lEo] it A o] =X ETIT HIEY 2]+l TCF/LEF reporter gene2] E4o] 5712 &
t}2) 2 Aol A= TCF/LEF luciferase reporter gene A2~ S =

B2 o]lgale] Wit ATAY ARE Folslqrt o A YEF, ISA7F STAT6 luciferase &3 WA= FaES 7t
ISAZ #|2]3F hHFDP A| 394 TCF/LEF luciferase 24-< 3171 $al, STAT6 reporter genes £33+ HEK-Blue™ IL-

T oFEFow ZE o, RO R AMEH tofactinib 4/1L-13 NI EE IL-4Z X 2] 3}, [SA B tofactinibS &4
S weled o %8 84 2712 BOTKFig 4a), ISAS = o Agsle] Mwaldr). o Az 4 B2 tofactinib
W o] 7] 2d 33 AR WNT/B-cateninhl 573 Aol M= STAT6 luciferase E/d0] 71431921} ISA
25 2ATS & 7 Uk HY dIEREoE ARE Witla (0.1~10 uM) A ]tollM = st §lS B28HATHFig. 4b).
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ISAE IL-4-JAK-STAT6 215 AEe] Z-o&= Jdo] glee
& 7k 3l

2340l O|X[= He — Asdg A 25?1 TCF/LEF 8|3
STAT®6 reporter gene ©4] A5 7|HEO.Z ISA7ZF Bk A%
A whig wo)) vjxe Z3E BA It 94 WNT/
p-catenin 73 =22] 739~ Wnthl 59| f-5-ol w2}l p-catenin®]
3|7F AR Ech Wikl &7F @231 p-catenin®] S14F
35 9AISI glycogen synthase kinase 38 (GSK3p) &3¢
A ZHE B o 3 oko =2 F %] TCF/LEF #-%1
zpol] A%t ¥ 14 §AAE FHA I 2 Wntdl &7t
H|ES}=H S-catenin 14HS} o] GSK34 E3HA ol <
3 wallElo] AHE TP B o]E8 ke ® ik 9 th
Wzl o] W S AASAITE ISAE 22§ 152 X
HZFHT} p-B-catenin®] W& A EHA f-catenine 7}
W g gelslthFig. 5A). 3 WntdlE A 279
P e MEe A = @HEd ERKIRAE
ERK1/2¢] 14kl lo] 718k gRlsiaitt. ERKE| 4
9] 242171 PIBK/AKT ¥ Ras/MAPK 21&4g A A=
Wnt A& A 2A oF AZ=]o] it} PIBK7F &9 3l=]H
Al 7], Al AE D AL - Boshs 729 ulj7)
Aol AKT7} 843} 32 AKTE GSK3pS WA 318l -
catenin®] & ¢ko 2 9 ATt B A B Ay} [SA=
ERK1/2 ©hZe] QislE FrolEd oz W le 3
018k &= QUATHFig. 5A). TF-C 2 JAK/STAT family?] STAT6
o} STAT39] Tl A YRS A3t STAT6S] €43}
= gEE fdit) JAKL/3 JAIAIR] tofacitinibS STAT6S]
WS AAsto 24 gr X|He] EFAQ Ao F Hyg bl
ATEHD) E3E STATI= 2 A 7715 Fshe 202
dHAA dom, AT J AF AZKG-CSF), TEF-
6(IL-6), %33 2374 QJIAHEGF), 7| 237 QIAHHGF) 52 th
&t AU} Alo| BRI ]3] fmETH [SAT}
L4l F=%+= STAT6 T A o] Ido n|x]= Je 3
013} 21} STAT6 reporter gene 4] Z 3o} v/ x| =
ISAE= STAT6S] &S 43k E3I3Th. IL-60l 2§k STAT3
o] ek k] gl 2-ekA] 1S o 47T AATk(Fig. 5B).

ALY (in vivo) REIOIA ISAS| et MElof| O|x|= &t -
AANAEAE 1Y A ofu] 3] IFhoZ Aqpre] uh-
2~(C57BL/6 mouse) 24 2&-8 T3l ISA7} AN NA &
3ol wX= AHE dS3taat Xt nh-2e]
T €S dxst ¢ 797 R CEE)EE ISAE =14
Aoz A2 st 1F-S HWSIAITh 2 A3} ISAE Xg 1
FollA thztol vlsle] 95e mak RS B 14
Al BdEa A0S Z3S vle-2 Tt AWy
A At ISA7E ol nheollA Bade] A7 3t Zlol vt
A5 S7HRe A3 THFig. 6).
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Fig. 5. Analysis of the efficacy of isoalantolactone on the
expression and inhibition of hair growth-regulating proteins.
To evaluate protein expression in response to isoalantolactone
at various concentrations, hHFDP cells were seeded in 100-mm
plates (2.5 x 10* cells/ml) and then treated with IL-6, IL-4 alone,
or together with isoalantolactone (0.3—10 uM) and/or tofaci-
tinib (0.4 uM). Each sample was cultured for 48 h. (A) S-catenin,
p-f-catenin, ERK1/2, and p-ERK1/2 were measured after incuba-
tion with isoalantolactone (0.3—10 uM) or tofacitinib (0.4 pM)
alone, and overexpression was observed at high concentrations of
isoalantolactone. (B) p-STAT6, STAT6, p-STAT3, and STAT3
were measured after incubation with 1L-6, IL-4 alone or with
isoalantolactone (0.3—10 uM) and/or tofacitinib (0.4 uM). All
experiments were confirmed by quantification with S-actin.

4 =

ISAE Aucklandia lappa(E5-3F) #e] oA -3t A&
S, et Ao B3 8FROS) A8E &
A7 M| ZAPEAH Apoptosis)yS =3t &9 835
ERfiH, 9454 APl ETIRI BAES AIge =M 3 a3t

L3 ol
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Control
e S

Fig. 6. Enhanced anagen induction by natural extract in 7-week
C57BL/6 mice. After quiescent synchronization, the shaved backs
of C57BL/6 mice were treated topically with isoalantolactone
or ethanol for 7 weeks. Control-ethanol (50%). Isoalantolactone
(3 uM). Typical photographs of back skin (left panels) and histo-
pathological analysis (right panels).

8 w9 RS A9 sl P R P S
woli= A0 el ULk T2t A7) 15A9] 2
W g7golu gl A E Ate BHAE vl glrlel, £ A
FoXE EESRY] o AR = sl [SAY =2k A
ol 9 345 2 s v 2 8, i
vitro A Z oA ISA= 17F B 2 3]-{-FA 32 (hHFDP)2] A
S 6150, 2e AR Zd"o alalZ el WNT/,b’
catenin ¥ Ras/MAPK 41& Hg A2 E 4slsl= 5o =
ERs T Bk, rhe-s RS o] 85 A E ISATE R
e s ]‘—* BI7F RIS ol g A¥= ISA
7F Bk 27 303 gR ool a3l A fE AR
S gA, it 01‘4‘ Abrel e AFoE N T
= ARSI B QIAIAE AR S SEl A &
B A5 F US AR 7€
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