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of human hair dermal papilla cells

Yoo—Jin Kim'*, Kyung Hye Seo’, Gwi Young Jang®, Ji Wook Jung®, Mi Ryeo Kim'~

1 : Department of Herbal Pharmacology, College of Korean Medicine, Daegu Haany University, Daegu, Korea
2 . Development of Herbal Crop Research, National Institute of Horticultural & Herbal Science, RDA, Eumseong,
Korea
3 : Division of Bio—technology and Convergence, College of Herbal Bio—Industry, Daegu Haany University,

Gyeongsan, Korea

ABSTRACT

Objectives : Currently, the alopecia is one of the most emotionally stressful syndromes in human life, Human hair
dermal papilla cells (HDPCs) play an essential role in controlling hair growth and in regulating hair cycle, We
performed MTT assay, cell cycle, and western blot to determine the effects of essential oil from Coicis Semen (ECS)
on hair growth in HDPCs,

Methods : We monitored cell proliferations by MTT assay in HDPCs, After setting up the safe and effective
concentration range to be treated ECS, cell cycle analysis was performed using flow cytometry. Also, the protein
expression of hair growth—related factors such as insulin like growth factor—1 (IGF—1), Wnt, extracellular signal—
regulated kinase (ERK), serine/threonine—specific protein kinase (Akt) in HDPCs was determined by western blot,
Results : As results, cell proliferation was increased in ECS group compared to dimethyl sulfoxide (DMSO) group and
minoxidil (MNXD) group. Cell number of ECS group was more decrease in sub G1 phase than cell number of DMSO
group, Also, cell number of ECS group increased compared to cell number of DMSO group in G1 phase, Protein
expression of ECS group was higher than protein expression of DMSO group on related hair growth factors (IGF—1,
Wnt, ERK, Akt),

Conclusion : As mentioned above, ECS increased cell proliferation and the protein expression of IGF—1, Wnt, ERK,
and Akt, These results suggest that ECS could be used as a potential material for the treatment of alopecia by increasing
the proliferation of HDPCs,
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minoxidil (MNXD)#} finasteride= Food and Drug
Administration (FDA) 4¢1-& ¥& oFEo|t}, Finasteride
+= Se—reductase A A A 7]= T2 testosteronel
ZB¥E dihydrotestosterone?] AL ZAAAH GAE 2
ol AHEE ok, 28 A=AE L= HUE MNXD2
g S T 9% 59 S ZE Ad NS FE
ol 3 AR Qg B o] REHORN HE AR
Az AL Q. a8 u MNXDI} finasteride AFE 3
715 Ask, EY, 7180t &4 91 E, g8 27 53 22
Fa80 2 Q8 A ARE o] &3t B2 X 5A Jdo] &
3] AxEm Yok,

B2 - guEIx, 2, B85 2U|A AEZ 52
A3t 9o o] NEZEY A5 AAR & =e] g 3+
9 mak e ggke w97y g9, FA71E
AX BFF Ao 2Fo| o7 mite AR gt HhE
su] mido] Zha @ Ea4 @abo] Zvield gmst b
R S%= A3E(human hair dermal papilla cells, HDPCs)&=
BAj @) $EeT gon] Bde] J shgol A
2de] 94, B A% 77 28] AL ojof B Aol

o

2% A% Y gepd 2 AeAe muk 43l
A5S Ilety] Q3 BE AZS Agstgt

>

A UL SIAE, AFe] I8, 4FA T AYgEET
oflzt AW XFE gt ooFEo| ulguiAlx], E, W
A o2 heFstA ARREI Tk JAE e Y2 AEY
o] zof AL AY BRxz Fadtdo| wEn, Bzg
Aok, 28y A5 FFAE ARES oA 2o digt &
A7} mulgE Aol

9]o]2l(Coicis Semen)& &% (Coix lachryma—jobi var,
mayuen (Roman,) Stapf)9] FTHE AAT TAZ it
(Poaceae)oll %3t H], §, #A gt vty 5
oA AuEct 2o]le thE FEo] vF 16.2%2 TF
o2 ghilYo] FH3IT Bl o] Wol ojokE 9l A&
HREZ Fo| AMFEHI 9t} 2o|dL HE AAT, YFEY
52 A 837] g AR 2900 AT guY, FIAES,
2, A}, o 5o 572 Aty BuEgeH
oJo|QdL 4.65%= FHe X PEF U A GAkS 7FA| o,
o Agez g Fort w2 dsgholt AR
A2 s g,

ojolle] muF & FIHE AP Jung™E ool B
252 ARt oL B ARt A&e Ay BEo oFaut

719 = e 9ol FH EFE AREste AES
st Wk, B AfelA: old A7 Pg Bd=
A ZAAR G F MNXDLS YR O 2 A5t
191 oAl @ go] mut o] R e dopH 1z}
sHT,

I~

o O

SN[ e
o O n@

o2 flo My
o ¥

J

U,

lo to o eeh

]
>

I.A=s 94y
1. AE 25

2 Aol A AR o gAE Faf o] ek 3
(Seoul, Korea)ollAl Fd3tAtt. AH FE22 {3 ol
ZA 1 kg hexane 1:10 B[ &E EFste A2o4 1Y
B¢t 3wt &9t & & o1}, $5(BUCHIL, Flawil,
Switzerland)& A WS 2% AAT § 57.94 g9 A&
E Aok AR £8L8 5.79%2 —-80C ) EH3IAT

2. M= i

B Ao o]&3t HDPCs2 Cellbio (CB—HDP-003,
Seoul, Korea)2X & HoJdlol 10% fetal bovine serum (FBS,
Hyclone, Victoria, Australia)®}t 1% penicillin (Hyclone,
Logan, Utah, USA)S A7F3t low glucose DMEM (Hyclone,
Logan, Utah, USA) ¥{A| & wjFH o2 wiFataict, AlZ=
29 F712 37T, 5% COy ZZANA vjFslRon Aok Al
trypsin—EDTA (Gibco, Burlington, Canada)< * 23} }.

3. Cell proliferation ¥4

Cell proliferation &4 MTT assayE £l SA3%
t}. HDPCsZ 4 x 10" cells/wello] EA 96 well plateo]
200 u® E5813L 48417k FRF 37T, 5% CO: incubatore]| 4]
HASAHY. o]F AEE FEEE A3l f2a2 AR
£ &3)3t dimethyl sulfoxide (DMSO, Sigma, st. Louis,
MO, USA)E AMg3stgon AR ZL MNXD (Sigma, st.
Louis, MO, USA)2 ARE3te] 48A17F o wjFstgct MTT
LM (Sigma, st. Louis, MO, USA) 1 mg/m¢2 =2 100
WA H7rste] 4AZE B9t ARstat 4SS AH F DMSO
200 W& 7tstod HAAEL EFAIZ] FH ELISA plate reader
£ o]83t 570 oA ODZS SA3Hct,

4. Cell cycle ¥4

Cell cycle 2412 93] 100 mn dishol|A 80% A&+ HDPCs
£ 60 mn dishell 2.5 x 10° cells/wello] HA 3 m¢¥ 33}
3 48A|17F §<9F 37T, 5% COg incubatorolA &-g-A|FH Tt
o0F ARE FEUR AYHAT RS AR ST
DMSOE AH&stRer xS MNXDS A3t 48
A7t 9 wfjeFstdtt, DPBS (Hyclone, Logan, Utah, USA)Z2
oW M| AE & trypsin—EDTAZS 300 wl® A7}t cell
AUk, B cell& 1,300 rpmof|A] 587 YAE 2 shof A4
29 AAZ F 70% methanolS 1 ml # F7}3te] 20C
oA 24X7t B¢t AZE LA FT, 1FH AEZE PBSE
2¥ A|A3Et & PI staining solution kit (BD Biosciences,
USA)E AF&olA] 3087t incubation A]71 & flow cytometry
(Beckman Coulter, USA)Z N EZE& B4}t

5. & I #F

HPDCsE lysis buffer (50 mM Tris pH 7.8, 120 mM
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NaCl, 2 mM EDTA, 1% Triton X—100)Z 7}5+e] 13,000
rpm, 4TAA 3087t YAEE & ASHE AHSTA.
Bradford¥& ©]-§sto] dliAE At on, 10% SDS—
Polyacrylamide gel electrophoresis gel2 #7] %53}
782 AL HAZl FH PVDF (Polyvinylidene
fluoride) microporous membrane (Millipore, Darmstadt,
Germany)°l| &2]¥® @A AT 5% BSA (Bovine
Serum Albumin, Bovostar, New Zealand) o] ©9]
1A17F 5¢F blocking A7 5 12} A (b—actin antibody
(Cell Signaling Technology, Boston, Massachusetts, USA;
catalog no.4970), Insulin like growth factor—1 (IGF—1)
antibody (Novusbio, USA; catalog no NBP2-16929),
Wnt3a antibody (R&D catalog
no.MAB13242—100), serine/threonine—specific protein

systems, USA;

kinase (Akt) antibody (Cell Signaling Technology; catalog
n0.2938), phospho—Akt antibody (Cell
Technology: catalog no.4060), extracellular signal—

Signaling
regulated kinase (Erk) antibody (Cell Signaling
Technology: cata—log no.9102), phospho-Erk antibody
(Cell Signaling Technology: catalogno.4376))& Z}7]
1:1,000~1:2502.2 3]&A1A 4CoA overnightdlo] WH&-
AlFtk, W22 8 H PVDF microporous membranes 1x
PBSTZ 1087t 33 A& & 2% FAE 1:2,00022 34
sko] RTOIA] 1A BEEAIZIEE 1AIZE F, 1x PBST= 1087t
33] A3t A9 ECL substrate (GE Healthcare,
Buckinghamshire, UK)2 &3 W35to] Image £47]
(Uvitec Cambridge, Alliance, England, United Kingdom)
£ olgelo] 2749 factors] W AEE BAI,

£ AAste, BE4Fd gidt p<0.05 +&°)A4 Ducan’s
multiple range test AFE HZS Fote] 24 o 74 HH gkl
gt 5248 YeR ol

o2 3
1. HDPCs®9J| A cell proliferation®] ¥3}

RO AMzox el MTT assay+ cell poliferation ¥ cell
viability S YERH ECSE 0.1 ~ 200 ug/mle] == A
stef olg Agstyct. 2 Az, DMSOF iH] ECS Z7+9]
FEoA 123,97 + 1.17, 135.39 + 8.28, 135,12 + 1,11,
137,97 £ 1.83, 155.03 = 3.02, 143.58 + 14,11, 144.14
+ 5.98, 139.41 + 0.03%9) Zt& YEeEF I ECSH#e 2
= sEoA DMSOZel Hl3] Fo3tA Frtstaen 4
229 MNXDZI=E §o8 2po]8 Yehys ZHoz Ho}
ECSe] HDPCsE SAA7I= As & 4= AUtk (Figure 1).
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Figure 1. Effects of ECS on cell proliferation in HDPCs.

Data are presented as mean = S.E (standard error). Values that
do not share common letters (a—bc; DMSO vs ECS (0.1, 0.5, 1, 5,
50, 100, 200 ug/m), a—c; DMSO vs ECS (10 ug/mQ) a significant
difference in p{0.05 by Duncan's multi—range test.

DMSO ; Dimethyl Sulfoxide—treated group, MNXD ; minoxidil—
treated group, ECS ; essential oil from Coicis Semen—treated
group.

2. HDPCsO| A cell cycle?] ¥3}

HDPCsol A ECSA 2] & cell cycle?] W3S B&sl7] 3l
flow cytometryE F3to] &elatct. =27 DMSOZH
H 2GS o ECS AgZo] AlZE AHELES HAZEL gub
G17]19} cell arrest7} @A5l= G2/M719] M| E 71 Zadle
A& vehien 1, 2 ug/me Fxolids FdEwEdd MNXD
wioh o WA Uit B3 AlEZ A7 Glr)oA =
ECS A 2jo] DMSOwo| vl BE F=oA F718tgen
MNXDz#} BlastgS H= 1, 2 ug/mle] =4 & 57t
TS et wEkA, ECSTE2 sub G1oA 2] AZAL E=
G2/M719] arrest& HRAA FH G171E S7HALEH
HDPCs9| N2 &< S A2 waEch(Table 1,
Figure 2).

Table1. Effects of ECS on cell protection from cell death and cell arrest in HDPCs

Cell cycle phase (%) DMSO MNXD ECS (ig/ul)
0.5 1 2
Sub G1 31,76+ 22,00 15.82+3.00 17.68+1.55 11,41+1.46 14,71+1.58
G1 59.51+14,27 74,99+1.70 66.85+2.82 81.93+1.50 76.65+0.85
S 6.69+0.58" 7.9240.34" 14,05+0,75° 5.51+0.38" 7.43+0.43"
G2/M 2.05+0,05" 1.26+0.25° 1.4240.17° 1.15+0.05° 1,2140.34°

Data are presented as mean * S.E (standard error). Values that do not share common letters (b—c; DMSO, MNXD, ECS (2 ug/ml) vs
ECS (0.5 ug/md), a—b; DMSO vs MNXD, ECS (0.5, 1, 2 ug/ml)) a significant difference in p{0.05 by Duncan's multi—range test.
DMSO ; Dimethyl Sulfoxide—treated group, MNXD ; minoxidil—treated group, ECS ; essential oil from Coicis Semen—treated group.
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Figure 2. Effects of ECS on cell death and cell cycle arrest
protection in HDPCs.

DMSO ; Dimethyl Sulfoxide—treated group, MNXD ; minoxidil—
treated group, ECS ; essential oil from Coicis Semen—treated
group.

3. HDPCsolA] =t 4345} sl chajz wde)
3}

ECS<9] I A a5 AT 215} HDPCsof|A] &gt
A B3 A2l p—ERK/ERK, p—Akt/Akt, Wnt3a, IGF-1
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1.67+0.67 unit® =715ttt ECSQ W iz
Z¥zb 1.21+0.21, 1.64+0.43, 2.06+0.31 unit® Yeh}
T Y& o g DMSOZ v F7hE E9eH 100,
200 ug/mf9] FEAAE FAWRT MNXDE 2ot o &
78t th. phospho—Akte] L&-& AR A3, DMSOw
AE 5.57+0.00 unit, MNXDZAE 10.44+1.44, ECS
ol Z+7F 13.76+5.29, 40.68+2.65, 32.67+10.21
unite 2 vehgtt, meka ECSFEe] DMSOR T MNXDEe]|
H|3 523t Sk Ao ERI5tgct Wnt3ae] HdS
243t A7k, DMSO 2 0.31+0.01 unit, MNXDZZ 1,39
+0.27 unit, ECSZL =¥ 77} 0.26+0.01, 0.46+
0.07, 0.99+0.16 unito2 #Hel= g}, wtaka ECSZEo] %
T ozFog =8l BYon, Tz oAE DMSOZ
H|3) §oetAl S7FeHE vebich IGF-19] oy dre ke
MNXD#o|A 1,53+0.11 unitE Uelyoen, ECS ZoA=
=wd 747 1.04+0.04, 1.07£0.02, 1.40£0.08 units
Uety 5% g&50 2 F71EE deliglen, sz
1,16+0.01 unit?l DMSOZ-o]| H]|3| F-&Z o2 chill A g
o] Z7tEle AL st th(Figure 3), WakA|, ECS A
o] mk Aztof B o] Q= AREQ IGF-1, Wnt3a, Akt,
ERKO] &dg 77 ALE Yetyonz ik gt
FFE v Aoz QYzrHEr
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Figure 3. Effect of ECS on hair growth—related (A) p—ERK/ERK, (B) p—Akt/Akt, (C) Wnt3a, (D) IGF—1 protein expression in HDPCs.

Data are presented as mean * S.E (standard error). Values that do not share common letters (B

* a—bc; DMSO vs ECS (200 ug/mQ),

a—c; DMSO vs ECS (200 ug/mg), C : a—bc; DMSO vs ECS (200 ug/ml), a—c; DMSO vs MNXD, D : ab—bc; DMSO vs ECS (200 ug/md),
ab—c; DMSO vs MNXD) a significant difference in p{0.05 by Duncan's multi—range test.
CON ; Dimethyl Sulfoxide—treated group. MNXD ; minoxidil—treated group, ECS ; essential oil from Coicis Semen—treated group.
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T2 oY A &7|Ho R FAH glon mE e
293 93-S 3} 1 % mesenchyma cellol] £3F= HDPCs
L ZAEHE 53 Bl I¥S THEh o ARAEL A
oA Zete] J5 8-S Tl B A4 @ QS 2F3it
wtekA HDPCsQ] F4] E AFEE 2k 4o gt Hao)
o] X HDPCsE AHESH =84 wlAH U S BE A7t
Z7ksta Ao Y. HDPCsoll ECSS A gldte] MTT 542
cell cycle £4& 538l A9 F41& 2L AEE&ES st 2
3}, DMSO A &te] vlsj ECS A gjto] Axe] S48 9 A
2&E foFoR ZTMYE Ao Yyt E3L cell
cycle &334 W ECSTo] DMSOT] H]3] sub Gl
o] AEZA B G2/M7|9] arrestS ZAAIA FH G1715
Z7H 7224 HDPCs] AZ A4S E3A71= A& &9l
skct, E3, Jung™o] Aot HE 24LL HTHAL o,
E ALY AE ZAg0] 30% ¢ Z7tete Aoz el
ol& 9o|el HR7t AL AES TR 9o Lol o
Hojgg Aoz yztdct,

ol NEZ S A 7E g7
Ae ATt v T2 2 A F7]9
HY71E IEAAFE 9L o =
apoptosisE WAFo] B o] =

42,43 Wnt/f —catenin pathway= Z 3¢} = 7te] A5 2}
&l 93 = F4o] FEHIL, AlE F4 28 @ =2 4
Ao ZQ3t AT Y, Mitogen—activated protein
kinase (MAPK) family¢l ERK®} Akt= IGF—1, Wnt®} 22
AAA= Yo 2AET AE F4 2 E3fo] b A=
uhgol AEa-¢ B ERKS}F Akt ZASPL HH A%
Al 7ol Tt glem MNXD A o4 ERK7F &
AtE] o] HDPCsS] 412 ¢=3tty wng v b’ o
24, 2 A4 HDPCsol| ECSE A&t IGF-1, Wnt,
p—ERK/ERK, p—Akt/Akte] Tl Wd J=E western
blotZ &3l Elstart. 1 A3t ECSE Agt sk o
A IGF—13} Wnte] W@ o] tj2w<¢l DMSOe] =3l 3-29]2
o2 F7MEE gdstdtt. BE, p-ERK/ERKE] A A
ECS9 Aol 5% oEHoR Frhstgen skl
200 ug/mANM = FdtHEZYU MNXDE B} o 2 33
=5 B p-Akt/Akte] BIE=F I FH, ECSE
A2g o] DMSOw] vl foFoz S/ Hylon
MNXD##HE H A H-E i ZE F=A S71eE Ued
ot wEbA], 2 Ao Bojsh= IAEA ECSE AP Et
0] 22 37HE Yo B R ECS7F B ARl 9%
A= AL A 4= A

B Ao A3t MTT assayol 4 HDPCs9] F41&S B3
o, cell cycle?] M APEES YEY = sub G17]7F DMSO
Ao vls) A= e Az 4F71Qd G171E S7HIR
S 2 MTT assay®] AIZ $4&3% 4Ast= 2345 Uehd
= Flskgloh, E3 G2/M719A ] cell arrestE AR
o2 AxE Qo FFE FIow Bl Ao Bost=
AAEE F7HIRTE Lee™Foll Al BaH utel Zo] GC/MS
B o)A caryophyllene, ylangene, y—terpinene 5= T+
Tl Qe AOE Kol 9ol Hf EYES U
Aejgdo] Uehd Ao g AZtE o], 2% HDPCs9| o7 714
Az mdoA o]l Hf EYEY Y 4 Y BT a5
= st HE5E oA Aol

ih)
rh

V.
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2. BF5F AM3E9] cell cycleZ &213}9] apoptosis & cell
proliferationg 318t A3} 9ol HFH £EIES
A2 et Fol A DMSO ol Hl8j| sub G17]7} F4x3far
G1717} 7kt AL =2 et

3, BT Axo oJolle] A BIES A5t tE3
Aozt 43X IGF-1, Wnt, p—ERK/ERK,
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