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Effects of Black Soybean and Fermented Black Soybean Extracts
on Proliferation of Human Follicle Dermal Papilla Cells
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ABSTRACT This study was conducted to examine the effects and potential mechanisms of action of black soybean
extracts and fermented black soybean extracts by Lactobacillus rhamnosus GG (LGG) and Bifidobacterium animals
subsp. lactis BB-12 (BB-12) on proliferation of human follicle dermal papilla cells (HFDPC). We examined changes
in pH, total polyphenol, sugar, and reducing sugar contents according to fermentation period of black soybean extracts.
Assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide was performed to determine cell toxicity levels
of the four black soybean extracts [black soybean water extract (BWE), black soybean ethanol extract (BEE), fermented
BWE (F-BEW), and fermented BEE (F-BEE)]. Changes in mRNA expression levels of hair growth promoting factors
and hair growth inhibiting factors by the four black soybean extracts were measured by real-time PCR. In addition,
phosphorylation levels of mitogen-activated protein kinase family proteins were measured by western blot analysis.
As a result, fermentation of black soybeans significantly reduced pH, total polyphenols, and sugar/reducing sugar
contents. All four black soybean extracts showed no cellular toxicity in HFDPC. In fact, BEE significantly enhanced
cell viability of HFDPC at 100 pg/mL compared to control. BWE, BEE, and BWE-F significantly increased mRNA
expression of vascular endothelial growth factor, and all four extracts increased mRNA expression of fibroblast growth
factor. However, mRNA expression levels of apoptosis-related genes were not affected by black soybean extracts
in HFDPC. Furthermore, BWE, BEE, and BWE-F significantly increased phosphorylation levels of extracellular sig-
nal-regulated kinase compared to control. Taken together, we demonstrated that black soybean extracts enhanced pro-
liferation of human follicle dermal papilla cells partially via activation of hair growth promoting factors, although no
particular significant effects on proliferation were observed by fermentation of black soybeans.
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rhamnosus GG(LGG), Bifidobacterium animals subsp.
lactis BB-12(BB-12)]& o]&3lo] 2aAxl A3 &
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BEE)9] 7% o3} ¥ 7+ets% 7] (Heidolph, Schwa-
bach, Germany)E ©]-§3}o] 60°Coll A EFA1Z & 24 &
Az st FEFHEH Y FEES do] A A wo
+ Dulbecco’s phosphate-buffered saline(DPBS, Gibco,
Waltham, MD, USA)ell 2]4{sto] A& W & & 29
off A&t HEF Taol A8t fakt> Lactoba-
cillus rhamnosus GG(LGG, CHR-Hansen, Roskilde, Den-
mark)®} Bifidobacterium animals subsp. lactis BB-12
(BB-12, CHR-Hansen)Z 9]l A #|=gk A2F &2l 3
2} %4 10 mLe} LGG, BB-12%8 7+t 0.1% &3}
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100 uLE 7}&ke] F71 3084 ¥H$-A171 & microplate
reader(Molecular Devices, Sunnyvale, CA, USA)E ©]-&
3te] 720 nmoll Al FHEE SASITE o)d gallic acid
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’ Dissolved in DPBS ‘ ’ Dissolved in DPBS ‘ ’ Dissolved in DPBS ‘ ’ Dissolved in DPBS ‘
l l ! !

Black soybean water
extracts (BWE)

Black soybean ethanol
extracts (BEE)

Black soybean fermented
water extracts (BWE-F)

Black soybean fermented
ethanol extracts (BEE-F)

Fig. 1. A flow diagram of black soybean extracts and fermented black soybean extracts preparation.

Solr 7] 9ste] F99 32 phenol-sulfuric acid®
(24)& 583t Sttt daxszgo w2k 2447k
AR 5Y st T3 YT IS A =,

AR 1 g8 33 T/HTE 5HlA A ste] 72 A5 10 plel
5% #H=8&H 10 uLE 7kt $ 50 ule] ks 7hstod
Wk A1 71 S microplate readerE ©]-&3Fo] 490 nmell A
FTHEE SAHSIY. 39 AFL D-glucose(Katayama
Chemical, Osaka, Japan)& AT EHE A8t L&HH

o g RE AT 7d%- dinitrosalicylic

acid HH(25)S 583l SHs oM, D-glucose X+
EAE o83 AEHFIAE Bl FEE AR T FF
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oIZt BRE MIZE HHQF

917k BH% A Z(PromoCell®, Heidelberg, Germany)
= 784 Wl A (cell viability: 94%)ol Al 243 3+ 217k
BRF AEE B Aol ARSI I EfF A )

¥ A= Human Follicle Dermal Papilla Cell Medium®l|
FCS(Fetal Calf Serum)$} bovine pituitary extract, basic
FGF(fibroblast growth factor)¢} & #Ho] ¥ 3% Sup-

plement Mix& &&3}o] A#3H o, 37°C, 5% CO.7}
FA ¥ = A E¥] 7] (ShelLab, Cornelius, OR, USA)e] A
wjaleltt. HFDPCE #3}9] 3747} 9l 22 PromoCell
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& 7} wello] A E formazang &453] |35t 96-well
Dlateoﬂ 50 llL/Z\l 'H‘L"Zr‘ 3} T;}-»—ﬁ- mlCl’Oplate I”eader% O]_g__s}
o] 540 nmolA TFEE =A 9T}

RNA =& % cDNA H[=

HFDPCE 1x10° cells/welld X2 6-well plated]

24X Wlge &, ZF welloll 44 EHEEOJ Minoxidil
(Sigma-Aldrich Co.) 10 pM¥} #A2F .- wtg 7 o3Z &.9
e A5 & 100 pg/mL=E A3t 24’\]7} XS A A

St U}, Trizol reagent(Life Technologies, Carlsbad,
CA, USA)E MxE &38+5lH. o] F chloroforme 100
L "7Fske] Aol Wx]5kal 9,500 rpmoll A 158-3F 94
7] shed mRNAZF £3hd 5 S elshe] s el
isopropanolS 7}sle] A4 ¥k-g-A171 3 9 500 rpm
o=z AAwE 3t RNAE HAAZL 70% o ehes o] &
ko] MFH gk Ug o &-&-& A AL clean benchoﬂ A Az
3t mRNA+ DNase-free waterol] ¢ RNAE A3 &
Ao ALg3}3th DNA template $H4 2 ngh-Capamty
c¢DNA Reverse Transcription Kit(Life Technologies)<
o]g3}e] F 20 uL&E WHSA|A F338 ). 10X RT buffer
2 uL, 25X dNTP Mix(100 mM) 0.8 uL, 10X RT Random
Primers 2 pL, MultiScribe™ Reverse Transcriptase 1
uL, RNase Inhibitor 1 uL, Nuclease-free H20 3.2 uL&
microtubedl]l Wil 37°ColAl 2AIZF &<k WESAIZL &

cDNAZ A s+t

Real—-time PCR

A5 cDNAS F38 02 KAPA SYBR® FAST qPCR
kit Master Mix(2x)(Bio-Rad, Hercules, CA, USA)E A}
&3} real-time PCR d #A4& a3t A 20
uLE 712 2 KAPA SYBR Master Mix(2X) 10 uL, for—
ward primer(10 mM) 0.4 uL, reverse primer(10 mM)
0.4 uL, water 7.2 uLE microtube°l] do] HF-EA]F T}
PCRe] A #4-& 95°Col| A 3, 95°Coll A 3%, 60°CellA
30%9] 7FS 39 cycle HHEER o, PCR°] Fade
melting curve® A3 ZF Fzbe] ¢dE2 GAPDH
of o7 FFEstate] Hlal EASIATH A3l AREH

primer= Table 13 Zt}.

Table 1. Nucleotide sequence of the human primers in real time

Western blot analysis

HFDPCZE 1x10° cells/well?] %2 6-well plate©l
24X 7F vkl & ZF wellol] A o) 221 Minoxidil 10
M3} HeF- A5 E 100 pg/mL=

LEHET = OﬂEJ
ﬂﬂd—; 24X 7 v sl th AlEE cold DPBS®E 33] Al
100 pL9] lysis buffer[20 mM Tris—HCI(pH 7.4),
5 mM EDTA(pH 8.0), 5 mM Na4P207, 10 mM NaF, 100
mM Nonidet P-40, 1% NaVOy, 0.5% EZ Block]& #7}s}t
o] 1,400 rpm, 4°CollA] 1587+ YAIEE] o] I A5
= AE W diER o] &l viid s
serum albumin(BSA, Thermo Scientific, Waltham, MA,
USA)E EFEZAR AHE-3Y Bradford®(27)el ]3] A
Zatoit), waa Mz o 28 pl/well® EFst] 10%
SDS-PAGEZ WA #32]3 b Nitrocellulose Blotting
membrane(Amersham Corp., Baden-Wiirttemberg, Ger-
many)< AF&35te] 300 mANA 60~90%7F transfer 3+
t}. Ponceau S €9(Sigma-Aldrich Co.)S ©]-&3to] Wy
goAre] glAS o3k, 5% Blotting—-Grade Blocker
(Bio-Rad)”} ¥++% blocking buffer® 1~2A1%+ &<t
blocking 3+ ¥ 14} g}A)<l P-Akt(protein kinase B, PKB,
Akt), Akt, P-Erk(extracellular signal-regulated kin-
ase), Erk, GAPDH(1:1,000, Cell Signaling Technology,
Danvers, MA, USA)E 4°Cell A 12~24A17F g2t wh-gA1 7
t}. o] % TBS-T €94(0.05% Tween-20 in TBS)= ©]&
ste] 33] AlFEe & 23 A(1:2,000, Cell Signaling
Technology)Z oA 90 FoF Wk-3A# TBS-T &
o=z A 33 M3t ths ECL kit(Biosesang, Sung—
nam, Korea)< ©]-8-3ko] #H-&-A]71 2 Fusion Solo(Vilber
Lourmat, Baden-Wiirttemberg, Germany)& E3f =2
Hds S35l

24 ’o‘]‘

Bovine

P ETS

EE deolH= Hd+EF L AHSEM)® FAI8HR o
o]# zpolol th3t AL t-test & ANOVA H-2S A3
etk Fo4 Aol AZE K0.05 FEeIA AT
ArEA 4L Tukey testE A8 THGraphPad Prism
Version 6.0, GraphPad Software, San Diego, CA, USA).

PCR

Gene Forward primer Reverse primer
GAPDH" GAAGGTGAGGTCGGAGTCAA GCTCCTGGAAGATGGTGATG
VEGF? CCCACTGAGGAGTCCAACAT AAATGCTTTCTCCGCTCTGA
KGF/FGF7” CTCCAGAGCAAATGGCTACAAA GTCTTCTCACTCTTATATCCCCTCCTT
TGF-p1 K AAATTGAGGGCTTTCGCCTTA GAACCCGTTGATGTCCACTTG
AR” TACCAGCTCACCAAGCTCCT GCTTCACTGGGTGTGGAAAT

)Glyceraldehyde 3-phosphate dehydrogenase. PVascular endothehal growth factor.
Keratlnocyte growth factor/fibroblast growth factor 7. Transformmg growth factor beta 1.

Androgen receptor.
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B o] At AT AUt RaE b glow,
Misnawi 5(33)9] Aol = HaN s
o 39 ZHs dEo] £&HHA "Pﬁrg} SAE F3l
1 gEFo] fHAdte Alolgl HalEo] glo] B ATt AL
Akl ddo R Qe o] FEYHE T A 74
o] EAgtta AzrE T
Ao wao e el O}Wﬂ' 9 l'irfﬂ]
gk QxR G UTH34).
A % LactobacillusS} BJ'ﬁdObaCz‘enumO] T’:H]é‘_}‘
2480 2 TR E o] Fof| g i o] glucose
S ok 2A}ah] ola)] uhEaAl 7] mE o). 5o
t Ao, FAkt 258 ol &3t A2Fs
Ay g AR 2 ol 3 G Tl
F foH oz 7239} o= Eom $(35)00 4 KHargk
Bacillus natto 43} Aspergillus oryzae < Z+Z} ©]-83}
of WF A ol H=7g3t ]t (Bacillus natto, As-
pergillus oryzae)S ©]-83F ol Aol wgr) X3
Holl e} 2F3 S FFo] B i die
A, Eom %:(35) 3 ﬁ%%g] a
P

HE2F FEE0| HFDPCO| MEMZEEZ0 O|Xl= &
7ASZ(BWE, BEE)¥} 2&ta 7 &Z(BWE-F, BEE-F) #

ZE o] HFDPCol| X &] M5 3 AzAEE v 9

32 Fig. 29} 2t} HFDPCYl BWE, BEE, BWE-F, BEE-

FZ 0, 25, 50, 100 pg/mL %2 28389< o] BEET Y]
71 =& 59 100 pg/mLAlA] xR AERES
0] 121.81%= BEE<S] |7} HFDPC9] 3ol T4 4
QS FJok. 28U BEES A93E UnA FEE2L
(BWE, BWE-F, BEE-F)dl A& A EHEE 24 2]

FA gren, Hio 4501 A3 —’“‘F—% = HFDPCOﬂ
5

23| A= HFDPCOl A A EAE FFE 1) ‘m egt
00 pg/mL X9 A 2E ALE319 ).

—

Table 2. Alteration of pH, total polyphenol, total sugar, and reducing sugar contents in black soybean extracts by fermentation

Fermentation time o Polyphenol Sugar Reducing sugar
(days) p (ng gallic acid/mL) (mg D-glucose/mL) (mg D-glucose/mL)
0 6.64 2.076+0.008*Y? 4.393+0.032° 1.033+0.012°
1 452 0.9090.003° 3.964+0.213% 0.932+0.004°
2 4.18 0.901+0.012° 3.810+0.061° 0.926+0.004°
3 4.13 0.914+0.011° 2.470+0.083° 0.871+0.008°
4 3.95 0.941+0.014° 1.917+0.078° 0.834+0.002°
5 3.93 0.930+0.015° 1.757+0.083° 0.830+0.004°

YValues are the mean+SEM of three independent experiments.

PValues that do not share the same superscript are significantly different by ANOVA (P<0.05).
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Fig. 2. Effect of black soybean extracts and fermented black soybean extracts on viability of HFDPC. BWE, black soybean water
extract; BWE-F, black soybean fermented water extract; BEE, black soybean ethanol extract; BEE-F, black soybean fermented
ethanol extract. Values are the mean+SEM of three independent experiments. An asterisk indicates a significant difference compared

to control group (P<0.05).

Hd23 FEES0| HFDPCOIM 2 H& It AN 2
T ol u|i|'— I

27 59 ®
RS R N b= %H]QE}(SQ 1% vascular endo-
thelial growth factor(VEGF)+= 83 4174 g3}

MAste] kel A3 RIAES] 23E HHAT =
J@soI AR HalEo] gl o ™(37), keratinocyte growth
factor(KGF/FGF?)‘: Aol X Az 2k A%

S A5t 4A7E frEska A 3]EskE A A T
Fx2e #4y nysE AN EGAGJAAZ
o Ath(38). ¥ transforming growth
1(TGF-B1)3} androgen receptor(AR)=
o] BFe] e} A7]E AT negative AR K

o] 7| & Age w) 1 FH|7}F FHX1E o] Fu M xS F2
< AAlst L AZAE S TR dElA] JTHE9-41).

olef & el A= HFDPCell4 2] BWE, BEE, BWE-F,
BEE-F9 Xx|7} 2 Z% 3104 23 (VEGF, KGF/
FGF7)3 2 A% A At 25 (TGF-B13} AR)ell v %]
T QTS olE° mRNA Hdo| HuE F3] A E T}
(Fig. 3). ¥ A% S04} F el VEGF= A=
¢! minoxidile] H Aol 98 SANRTHTG FolHow

XA 7= 2

h factor—beta
Tk g7l Sl

mRNA @& o] Z7ls9on, Hoed 228 4%
S A9E e A 3Fe] = I

FO2 mRNA H@o] F74gHE Seligith. =

A F2 QA KGF/FGF7< &
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Fig. 3. Effect of black soybean extracts and fermented black soybean extracts on gene expression involved in cell growth and
apoptosis in HFDPC. VEGF, vascular endothelial growth factor; KGF/FGF7, keratinocyte growth factor/fibroblast growth factor
7; TGF-B1, transforming growth factor beta 1; AR, androgen receptor. Con, control; M, minoxidil; BWE, black soybean water
extract; BEE, black soybean ethanol extract; BWE-F, black soybean fermented water extract; BEE-F, black soybean fermented
ethanol extract. Values are the meant+SEM of four independent experiments. Values that do not share the same superscript are

significantly different by ANOVA (P<0.05).
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Fig. 4. Effect of black soybean extracts and fermented black soybean extracts on phosphorylation of Akt and Erk in HFDPC.
(A) Representative immunoblot analysis of phospho-Akt, total Akt, phospho-Erk, total Erk, and GAPDH. (B) Intensity of phospho-Akt
was normalized to total Akt and GAPDH. (C) Intensity of phospho-Erk was normalized to total Erk and GAPDH. Akt, protein
kinase B; Erk, extracellular signal-regulated kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. Con, control; M, minoxidil;
BWE, black soybean water extract, BEE, black soybean ethanol extract; BWE-F, black soybean fermented water extract; BEE-F,
black soybean fermented ethanol extract. Values are the meanstSEM of three independent experiments. Values that do not share

the superscript are significantly different by ANOVA (P<0.05).
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