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ABSTRACT

Objectives : Polyporus umbellatus is a medicinal mushroom that has been used for over thousands years in Chinese
medicine as a powerful diuretic to relieve fluid retention and edema, Dermal papilla is located at the bottom of the
hair follicle and connected to the blood vessels where it gets the nutrients and oxygen to nurture hair follicle, This
study examined the mechanism through which the ethanol extract of Polyporus umbellatus (EPU) promoted the
proliferation of human dermal papilla cells (HHDPCs).

Methods : To estimate the proliferative effects of EPU on HHDPCs, cell viability was estimated by thiazolyl blue
tetrazolium bromide (MTT) assay. Western blotting was used to investgate the activation of ERK, phosphoinositide
3—kinase (PI3K)/Akt, f—catenin, GSK—38 and heme oxygenase—1 (HO—1). Cells were treated with inhibitors of ERK
and Akt prior to EPU treatment,

Results | EPU promoted the proliferation of HHDPCs and the phosphorylation of ERK and Akt in dose dependent
manner, However, the proliferative effect of EPU on HHDPCs was inhibited by pre—treatment of ERK inhibitor
(PD98059) and Akt inhibitor (LY294002). Furthermore, EPU respectively stimulated the protein expression of f—
catenin and phosphorylated GSK—34. EPU significantly increased the protein expression levels of proliferation and
cytoprotection related genes such as Bel—2, SIRT—1, and HO—1 in cells,

Conclusion : This results suggest that EPU promoted the proliferation of HHDPCs via activating PI3K/Akt and Wnt/
B—catenin signaling pathway in HHDPCs,
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1.4 2
A e @& oF 5008 AN AER A 1 F HEe ®
32 oF 2%91 109k 7} A= & AA| 5t ek, =t w8t
2 w&d X7k hair shaft)zt 2i Ho EF9s B
(hair root)o2 FAEW, 2Z2 Huo} Au7t FEH o
TS0} Hut(hair follicle)o]l AoiQich, =yte] @ HEo
o= o] B (hair bulb)E ©|F1, B A AF=RZ]
55 EfF(hair papilla)g} gttt BTl 2ido] 9
< THE EAEE 18] $AE, R4FE EHAL
e 27| (hair matrix)ol] 2A3He v]E3AFE 2] Ao
EEL FA5tn Bajete] mure A,

Aol 2y A F7|(hair follicle growth
cycle)E 7HA| 1L glom, mr|dAze] Ego| Eialal milo]
43t 44 7](anagen), 3ol W1 R{FEe 2
ibo] HejEl= E3Y7|(catagen), {7t milko] A& o
HE FA7(telogen) 2 o]Fo]A k”. ol2jgt mut 7] 9]
AIZEE 7HAL XA Q] F$of| whet chefsta, mike] 447] 7t
SEEAY 58719 FA]7)17F oA HH g2 Z(Alopecia)
o] ¥rAygT},

gro Yelogl A7 a9l EAe AL, A=t
AFE Qe FAlH AEHA Foz d8A glod, =
FEIFTE SA BE2H GRA} vgo| A 109¥ Hof
vlate] 168 Z7bstgc . @A Food and Drug
Administration (FDA)Q] 45912 wre &n 3z dit
AR vl=A D (minoxidil) 2 FAAE RS 1o 2 gz

dihydrotestosterone(DHT)S  ®3=  Juyggol=
(finasteride)7} 911, Y& Z(Alopecia Areata) X BEA =
Janus kinase(JAK) <Al Ad FEQ  wiAEW

(Baricitinib)¥ & A€l d (retilecitinib)e] ATk, 2
ol GEZ HRYE, 471% Bl 7t 49 B 71Fot
24, BgS vRE ok RS do7 4 Qo

Extracellular signal-regulated kinase(ERK)%} protein
kinase B(PI3K/Akt)& AE2| =3} AFEE 2= Ao
oaFHA At?. B3] Akt D GSK-38%= Wnt/f—catenin
AsAY A2 G437 n", drAsAE AgEHE b
AL B 8 =X Z 9 PISK/Akte} f—catenin BAZE E3f
M ZFAE =, 2o JA7|E QFA7I= 2ALesE £
PR

Tg7ols ATt (Polyporaceae)d] #HQl A% (Polyporus
umbellatus)& F2 GFUHFEU RS He|o RaEo]
FAEE FEHACR, o|HAHRIKZIR) FoR A
2ith. Inaoka(1994)%} Ishida(1999) 5-2 CsH/Hemh-$-2x0) 4
Aol wEaNE Sdn, wRe fEARoRE
3.4—dihydroxybenzaldehyde, acetosyringone, polyporus
A % polyporus BO2 AL TEAZAY 7S B2
shsach,

olo] £ Ao 2o B 4o SaF 9T
3= AR 28 FAEZ(human dermal papilla cells, HHDPCs)
< o] g3t A HEFEEY AEF4] 5 9D Ax Y
28 788 2L,

I, Az 93y
1 oA @ A=

H Aol A8t A (Poplyporus umbellatus) 1 kg=
N#ste] RAAR AAHAHBEE=E, Seoul, Korea), o|F
AR FF 10819 95% EtOHS 7}sle] Aro A T2A]7F
Bty I &9 oJ}x|(whatman No, 2)Z 35+t
outlg 34 7Y H=(Eyela, Tokyo, Japan)dti 57t
52 Ax3te] FEE 13.39 g(=& 0.15%)& AUtk AR
WS E sHH o™ 95% EtOHS|| 9] 20 um filter(advantec)
2 Aste] AHES AAT & AP A&k

2, N= wj

A ST A|E(HHDPC)= Scien Cell(San Diego, CA,
USA)ollA sty Ago ARGt Al RRFAEE
10% FBS(Wegene, Taipei, Taiwan) 3347} A7}E DMEM
(Wegene, Taipei, Taiwan)2 AFE3le 37° C, 5% CO:
incubatorof| A B sttt

3. NI AE& A

A PEE 2L 24 well plated] ZEFAZE 8x10*
WA BEFste] 24X2F wjekgt FH AY Ag@HEFEE 75,
100, 150 wg/ml¥} minoxidil(MXD, 10 M) 2|3t & 24
AIZE, 4817 wiekstTh, vl & 0.05%(W/V) thiazolyl
blue tetrazolium bromide (MTT, Sigma, USA) 892 4
37TAA 247 ¥EAIZ] o AEdS AASIL FAHE
formazan< DMSO 1m{E 9] microplate reader(Tecan,
Switzerland)2 570 mmol|l A EF=E A3}t E3F ERKQ}F
Akt ZRE 53 2L 24 well plated] ZEGFAEES 2.5x%
10704 BZ3lo] 24417k WjoFet F ERK 2JAIA PDI8059
(20 pM)S}F Akt AA|A LY294002(20 £M)E 1A17F A A
st A oeEF:EET MXD(10 £M)S Hstgoen 24
AlZE 5 Yot T2 o2 A5kt

4, Western blot analysis

10 om HiFE7]o] BRFHES 3.7x10'02 EFd|a
24X7r wiFstE o, A® 2 minoxidil(10 #M)& stz
72X 7t v oFsle] ERKE AktE SA3IRct, E3F 6 em HIF
g71oe BREAE 7Tx107) BFEte] 24Xt wjEt H
ERK inhibitor(PD98059, 20 uM)®} Akt inhibitor
(LY294002, 20 pM)E 1AZF HAstRow, A3t
minoxidil(10 £M)<& 2|3ttt 30& ¥ PBSZ Al¥ &
A3} lysis buffer(l x RIPA buffer 1 m¢, 1 mM PMSF,
1 ug/m¢ aprotinin, 1 ug/m¢ leupeptin, 2 mM DTT)]
protease inhibitor2} phosphatase inhibitorE Y1 1A]7F
23417122 15,000 rpmollA 2087 ¥4 25t A2 A
2012 ol 83H5ITt, WAL Bradford ASFE o 3kl
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393, =9 5% sample buffer(5% gylcerol 5% SDS,
312.5 mM tris—HCL(pH 6.8), 5% B—mercaptoethanol,
0.05% bromophenol blue)E £33t & PVDF membrane®
A719% 39t 5% non—fat skim milk == BSAZ} A7}
% 1x TBST(tween—20, pH 7.6)Z 1A]7F 30 blocking &
12} antibodyE B—actin(1:5000), Bcl-2, phospho—Akt,
Akt, f—catenin, phospho—GSK-38, GSK—-34, SIRT-1,
HO-1(1:1000)(Cell Signaling, USA) o]|&3}o] 4TolA]
overnight 3}t 22} antibody+ anti—rabbit IgG, anti—
mouse, anti—goatZ 1:50009] H|E&ZE 1% BSA EE= 3%
skim milke]] 348t} 1A7F FetF A2o)A BREAIZ] TS
TBSTE AZ3t3 ECL €822 ¥ & Chemi—docg ©]

&3] FFshA.

5. AA=

B oo Ad ZAit:= sigmaplot 10.0(San Jose, CA,
USA)9] student's t—testZ 0]-83t] p—values 735 2oH,
p<0.05%1 F¢ *2 F7|3t93L, p<0.01Q] % **2 77|
st oS eyt EE A8 23] oY wrEo=
HAE ot B £ EEAXE FASHY T

m 2 =
1, AIZEZA &3

A BREAZMHDPC)ANA AE oetEFEE2] A
Z2] A= A7) 98] MTT assayS A4 A
FEEE Al 48417 & TS A} 75 ug/ml SEOA
NZRZEL Q22 96.2 + 5%92H, 100 ug/ml &=
ol 103.3 £ 3%= F7FFAAL, 150 ug/mle] A=
115.2 £ 5%2 424 A S7tetdchFig. 1). AL
100, 150 ug/me2] sZolA A E{EAZ(HHDPCs)E
A= AL R YR o] 5 9] A2 100, 150 ug/ml &
ZoflA] ZgYtA Tt

do

150 -

100 -
i I I
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Fig. 1. Extract of Polyporus umbeliatus (EPU) accelerates the
proliferation of HHDPCs. After treatment with 75, 100 and 150 g
/md EPU for 24 h, the cell viability of HHDPCs was measured by
MTT assay. Results represent the mean = S.D. of triplicate
determinations. *p<0.05, **p<0.01 compared with the control.

2. ERK 49 |z &= 9%

Extracellular signal—regulated kinase(ERK)+= Mitogen—
associated protein kinase(MAPKs)?] A& = 3lU=Z AE
24 9 4% 243l Ao dFA Ut ERKO B4
MxzZF7] D¥E cyclin D19] #dE F7HA71H, AFE 25
EAzo] 2 oE 23 GTe vty By FHA ',

2 AgoA AEY A ZRFAE 54 237} ERKY
47 A=l =X sty st ERKE JAAE
ol-gst ARSI AE AT, AE-2 43U p-ERKY
oy S FXsgon, ERKY AR (PDI8059, 20
pM)ell 23] p—ERK®| Tl whd2 dx35| At
Minoxidil(MXD)Z Sz 2 AH 4L Aoz 1}
EHtth(Fig. 2A), B3 ¥ 100, 150 ug/ml SEZolA AlZ
AEEL 242 104.8 £ 0.1%, 105.6 £ 5%=2 FA4 AA
F71t o, ERKE A|Alo] g3 NZPEE0] 92,2 +
0.7%, 96.6 + 3%=2 ZA3tEcH(Fig. 2B). o= A =&
FAZ e AP MxF4] 537 ERKY 84S FH
ou| gt

=] (el e]
St UL

A
PRD@OpM) - + - + = 4+ = +
MXD (1OpM) = = + + = = = =
EPU(ug/s) - = = = 100 100 150 150
‘ EEEEESE S pERK
ELr L L T > &
-_----—--—.‘B-actin
120 b= = ]
B — 1 ! ‘
100 £
=
z 80
5 60
=
= 40
(5]
20
0 - ;
EPU (pg/nl) = = — = 100 100 150 150
MXD (10 ph) - = + » - - = =
PD OpM) - + - W + = e

Concentration of EPU (ug/m2)

Fig. 2. ERK activation is involved in EPU—induced proliferation of
HHDPCs. Cells were pretreated with ERK inhibitor PD98059 (20
uM) for 1 h followed by treatment with EPU (100 and 150 ug/m)
or Minoxidil (MXD) (10 uM). The protein level of ERK activation
was analyzed using immunoblotting after 30 min (A) and the cell
viability of HHDPCs were measured by MTT assay after 24 h
(B). MXD served as positive control, Results represent the mean
+ S.D. of triplicate determinations. *p<0.05, **p{0.01 compared
with the control.

3. Akt A9 u] X & A

Protein kinase B (PI3K/Akt) FZ2E HZ A&7} AlE S
AARAE AIZAGE Akt S 2o AFT BJ-FA
Z9| FAlo]| Fa%F Wnt/B-catenin ATHPNE FFS
oL Aoz AR, getA A BGEAE S o
g AR a7t Akt 4T AdEo U=A Rl
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A3t AktS] AAAE o]-&ste AT A A, A
FI MXD2 Akto] 4L EZstFed, Ao o3 F7+
= Akto] AL Akt AR (LY294002, 20 M) o) &
A3 A ETHFig. 3A). E3F AF 100, 150 ug/ml =
oA NEZEYEEE Z7 106.3 = 10%, 112.2 + 5%8 &
7hetdom, Akt AAA A o5 AEYEEo] 77.4 + 5%,
72.5 + 6%= o4 A FastAH(Fig. 3B). ol A
BTz gt AP NxFA aitvt Akte] &4 F
38kl =S 9m|gith

120
£ 100
=z
= 80
2 w
=
= 4
@
O 20
']
EPU (pg/me) - 100 100 lso 150
MXD (10 )
LY (20 uM) + + + +
Concentration of EPU (ug/me)
Y@opm) = + = + = + = +
MXD (10pM) = = + + - - = =
EPU (ug/me) ~— - - = 100 100 150 150
— — — — p-Akt

| ——— ——— —— Akt

W S — . —— — 3_actin
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Fig. 3. PI3K/Akt pathway is involved in EPU—induced proliferation
of HHDPCs. Cells were pretreated with PISK inhibitor LY294002
(20 uM) for 1 h followed by treatment with EPU (100 and 150 ug
/m0) or Minoxidil (MXD) (10 uM). The cell viability of HHDPCs were
measured by MTT assay after 24 h (A) and the protein level of
Akt activation was analyzed using immunoblotting after 30 min
(B). MXD served as positive control. Results represent the mean
+ S.D. of triplicate determinations. *p¢0.05, **p<0.01 compared
with the control.

4, B—catenind} GSK—-38 &38| n|x]= g3

Wnt/B—catenin AT AEL muko] A Tl &2 Bu} o}
2t 2o A4kt 2 7] 20} gAof mi-f- F ot AZH R0
o2 s 4gslE Akt Glycogen synthase kinase 38
(GSK-3pB)9] <litsts =3t 4tstd  GSK-38+=
destruction complexE E&AS}H A|7Jo2A AHFOZE g-
catenin®] &g FE8) B HAAS GAAUEHY,

Ago] GSK-389} f—catenindl WlA& FFS TET
A3 GA4F p—-GSK-38+ GSK-349] &def |5t 100,
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150 ug/ml H=oNA Z+zF 155.6 + 8%, 133.1 + 4%= &
ol QA Z718tg.em, B—catening HE T3 100, 150
ug/ml FZONA 1750 + 17%, 277.6 + 16%= 394 QA
7t Ath(Fig. 4A, B).
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Fig. 4. EPU promotes B—catenin and GSK—38 activation in
HHDPCs. (A) Cells were treated with EPU (100, 150 ug/md) or
MXD (10 uM) for 72 h. The protein level of S—catenin and
phosphorylated GSK—38 were analyzed using immunoblotting.
(B) The quantification of (A) by ImageJ. Relative expression levels
of B—catenin and phosphorylated GSK—34. Results represent the
mean *+ S.D. of triplicate determinations. *p<0.05, **p<0.01
compared with the control.

5. AIZANE 9 GAKS} B
3%

i o) uX=

NEZAPEE AZ YR Az o o gz 23t
FAAY HES T3l dojues AlZ S3o2 A ot
Bel-2& A|ZAPEY HE {32 3 iz d AZAPE oA
A7 o™, SIRT-1-2 AZAME, tiAl, 9 =3t2 5 E DNA
Bystel AZRE 9 $4L fEsHE Ao Y A
o] MZAFE & F4lof HHE FAAE A= JFS B
3l7] Y8l AL A3t T Bel-2¢} SIRT—12] Thfd dh o
u X S 2ARIETE A® 100 wg/ml, 150 wg/ml 5=
oA Bel-2+= Zrz; diztof w8 136.7 £ 3%, 103.8
5%% Z78tgem, SIRT-12 160.6 + 20%, 200.7
19%=2 594 A F71eAth(Fig. 5A, B).
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Fig. 5. EPU induces protein expression of proliferation related
factors in HHDPC.

Cells were treated with EPU (100, 150 ug/md) or MXD (10 uM)
for 72 h. Protein expressions of Bcl—2 and SIRT—1 were assess
using immunoblotting (A) and guentified by ImageJ (B). Results
represent the mean + S.D. of duplicate determinations. *p<0.05,
**n{0.01 compared with the control.

A8t AEHAE B4 ‘:H]EQJ L3lo} AEAES 9%
P% gmol 919l & shhe md TS AE g &
A NZAAE S dor|a, Fu9 45& FEAA 228
) o ZItH™ ¥ HO- 12 9=, su‘_@ 902 ASAED
e "ﬂiii 9 N E AFEL dAS g oz =Eur
I Qe FRARA, 2 *,4_?;.101]/\1 AHL HO-19] &do| 1]
e G TES 23 100 2 150 ug/ml2 sEAA Z+
7} 641.3 + 14%, 600.0 + 3%2 94 A Z7Fst4c
(Fig. 6).
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Fig. 6. EPU induces protein expression of HO—1 in HHDPC.
Cells were treated with EPU (100, 150 ug/md) or MXD (10 uM) for
72 h. Protein expressions of HO—-1 was assess using
immunoblotting (A) and quentified by ImageJ (B). Results represent
the mean + S.D. of duplicate determinations. *p{0.05, **p<0.01
compared with the control.
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o ABHTS AHT AYFERY MEFY a3t 27

v, 21 %

f

BHH(EE)S DR B&r|Hes =9 BE7|(hair
cycle)& 7ML Qlem, BR7] F 3~6W ¢ A== 4
A7) (anagen phase)ol= EEA|Z(germinal matrix)7} &
g3t 2 t(hair bulb)7t A=Y, 2-9$F(dermal papilla)
AT AZE o] FEL AaE Faol Bio] 4
Jota w R EH o2 1o A Hrk, E37](catagen phase)

Mg go] A st 2~3F7F Hire] FEHE A 7
A)7](telogen phase)oll E017Ith, o] A7|dls ZHFet &2
Fol #5E Bdo] 92 W Feprt Bilbo] EEtgit}, oF
100979 FA717F AU RRAZE ohA] BdEo] A%
712 Bol7t Azg mido] FAA}.

Wﬂigi}ﬂﬂﬁ 3 g1 47 197} 7FEHo] 9o,
Ao 41 8% Setcty wEstgo? ®3k ZuA
63,—3—13}011 oE2E 497H2009~2013) BRF AA AR
_x} % 300oIA 24.6%2 7P £A det g g
o] B F7HE Y @A7HA] FDA 590 @2 g2 &
A== UI—"‘—/\]“J(MXD)J} 32 gl gho] E(finasteride) 7}
AL, HlAEY AL AHEES FHEtE F&55H 22U 2
P ZF7|2¢ /\]'%0}‘%"; FHo 7R, 2o AN 2 A
Azte suk fRge dods . Huirggel=xs
G489 A7 Aolet 7t AN 7Bt At 22
Bzrgo] it 2 YFEZ(Alopecia Areata) A ZA|Z
Janus kinase(JAK) <Al AE  FEQ  uiAEHY
(Baricitinib)¥} 2] Ed| Al €]l d (retilecitinib)e] %21E ot
ol E gA| FAgo| RuE et kA RAgo] £87t
U= FE 2HE dAITte] HALES o83 2 4%
g | Ao] Aol Bag sha U,

AL o|uAGA R AT o|=FEE st AAY ES
ZA3%t= AL-S 3t} Inaoka 5(1994)2 CsH/He up$A
oA all-trans—retinoic acid(RA, tretinoin)e} AF2] T
Rans TS 43 AR A 109 & Aol 2y
8.3uj2 7,28 F7Ie FAANRL(RA)ET YREFEINT} =9k
o, gAPEo=Z 3 4—dihydroxy benzaldehydeS &3}
GoH?. E3 Ishida 5(1999) AFe] wur Q94 F44
Bo=za 3 4-dihydroxybenzaldehyde, acetosyringone,
IRA 2L A 7t

I‘IF o rlr ﬂl

polyporus A ¥ polyporus Bo|H,
S4e v sarty,
REFAZE 29 A xe} JoAgsta o] ¢
FE TEot BHAARFVIE A 2 fASE 9, B
FFAEZY FA T AP 2 A 248 2d9] §7]
So 2% 4TS st Aoz FAA At g B
AN A RRFAZ A AHSFEES A5t
AzFA afE 4% 23 100, 150 wg/ml F=olA
3~15% At EFGFAIEZY FAE ST Ao 93]
ERK®} Akto] 40| F718t4lal, ERK AR Akt %A
Aol sl AFY MEzFA] At A% FaEHUSS &
tEchFig. 2, 3). WEkAl AP ERKS} PISK/Akto] A%
AGHEE Bl Al ZRFAEZY FAo Todts Ao
HoEn 2 AYoA AHEE AFY FEE T w2 FE
oJu} oFEHA S 2N CsH/He uhioA WEaTeL 1 &



28 PN N .

el BelEo] nuEgons AP wr g 7|HE
Br3]7] $ja) sy = k.

E3] Akt ¥ GSK—38 = Wnt/f—catenin AEAHZ
% gzzw?lra“ gr AAR ASEE tEAEL 2

< 53 JYITFLS /A2 Bk ohe BGEAEY
ERK, PI3K/Akt Z22 3 NEZAL $=3tn -
catenin 25 EA3ste Bl HAVE AL SRE
AAstE Aoz 2AEY, B APIAE AFL BEEA
Z9] p—-GSK-3p2 T&AL 33~55% F7HAIFH, -
catenin®] & T3t 70~170% 715 tH(Fig. 4).

Bel-2% B2 MEZANE A QlAteln], AZ Y ~EH
2 ukbg, AlZ =3h oAb @ ApEo] @ejste SIRT-12
DNA &4 o} AStAEH AR RE NEZAES 35 WX
dria @A A, AT 4FFR @XM SIRT-19]
drE o] 74745 Abgholl v|ste] @A SHA Wk en SIRT-19]
@44 chemokines®] Wdg ZAaAZIThT BEIH?,
2 AE d3h, AY A Al Bel-29] Ldo| 4~37%2 7t
3t SIRT-19] &L 60~100% F7Het Ao = eyt
HO-1& 3g9= 9 At 280 2 ASIAEGAZEE AL
Ho 9 NZAES AT, HO-19 fRAZzES 9 3
Azpgo] BuEo]® At mGEA LA HO-19 TS
AR 23, AH-2 2 ul=sAd 2R 5H) o)t S
ek,

ol AY A IfHSFEELS E1 YA Z AEEHT
Qe wl=ADe) 2g 71 AT fAHA BAEAEA ERK
9} PI3K/Akt AEE B3 AEZZ4] SE59o0 Wnt/s—
catenin ZA=29] 3AHA Q49 g—catenin} p—GSK—S,B, 3}
Absl Q12 HO-19] W& F7HAAT wahs] A2 Al

FEAEY 4] 28 9 NZAPE oA "AntE %Eoﬂ g
489 4 g Aoz Ardn

=
-

msl oh!.

S

gul

o

V.2 &

¥ og&SFEE0] Bl AR n|X= FFE 2ASH

A}, A R S5A Z(HHDPCs) 2] A|£Z4] a3} ERK, Akt,

B—catenin, p—GSK-34, AZAE 9 A3 # @ufd
HEdE ZASY o3t 22 23S A3t

1. AEL 100, 150 wug/ml =
(HHDPCs)®] 541 %2519t}

AN A BHTEAE

2. AEL ERKE Akte] A4S £7X319 1, ERKSF Akt
AAA A s Ao MEzFA BITF FSHA
=it

FFAIEZY p-GSK-34% p—catenin
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