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Abstract: Chrysin (5,7-dihydroxyflavone) is a natural flavonoid found in various plants and foods such as propolis and
honey. It has been reported that chrysin has various biological effects including antioxidant, anti-aging, anti-inflammatory
and anti-cancer. In this study, we investigated the effect of chrysin on the transcriptional activity of VDR in human
epidermal keratinocytes by performing dual-luciferase assay. Chrysin significantly induced the transcriptional activity of
VDR in a concentration-dependent manner. The VDR mRNA expression was investigated by quantitative real time PCR
and chrysin increased the VDR mRNA expression in normal human epidermal keratinocytes. We also found that chrysin
increased the expression of keratinocyte differentiation markers such as keratin 10, involucrin and filaggrin. Therefore,
the results suggest that chrysin can stimulate the differentiation of human keratinocytes by increasing transcriptional
activity of VDR.
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] 2 =2} 2 5 °] E(neoflavonoids) 52 3¢ 1&5S X
Fete ARt FetRolEe A, AAE
HlE3ate] af, 991 59 S50 Bol &Rt AlEe
2o BFA R FHEHE ZROE &l 500 ~
1000 mg A=9] &S AFHsHA A1) E2tE o=
= ek 23 945 oA, @ 23 A8 ds
oAt 5o thkgt AESHA s 7ExIvH2-5].

Chrysin (5,7-dihydroxyflavone) S ZZ2Z 2], & &
=217 Tk A Eo] EAehs AA ETHLo|ER
[6], 384 =& Figure 1°] YERARAT} Chrysins
iks}, dhes), 4, ¢t 89 5 ke A ETH
G5g 7RG 4HA ATH7-10]. HZ Aol ©=
H chrysin Ak2]4l UVAS} UVBOl| |3t &44o 25
Bl PPN EZE BI3ohal B EATH12].

Vitamin D& 73 3] 5ol A ==, A2 dE
wro ™ v Ro] ZrAPGAM| L] = 7-dehydrocholesterol
(7-DHC)7} vitamin D; 2 Z3FETH13]. ©] vitamin Ds=
X 25 2 E(prohormone) O 2 HFZ ARE-E| = o] oy
2} A S AA 4 E vitamin D! 1,25(0H),DE
AgkAT 9B E vitamin D2 4 2 1,25(0HRDE
o] thatAA o] BT dojd = & 4lA ] fFYg 7]
HoltH14-18]. T oA A== 1,25(0H),D= A=
2 AA|, Alx B3 £3, WY 24 T #osk=
Aoz dHA Au19-21].

Vitamin D7} A|Zol| Z-8&3l= =4 7|22 27147}
At WA, vitamin D7} vitamin D receptor (VDR)®l|
Agtste 283 Zolth VDR ZHA| & v &3
o] M ZojA LA Vitamin D2} VDR AEA 7}
ME U )o2 Eo{7} vitamin D response elements
(VDRE)Z} E2]&= 57 DNA 714 Fol ZAdtste] HA
Q1 AK(transcription factor) 2 2H-8-3lo] 2 #-7 2K target
genes)?| LHS WS Aot ol FE AMEZ
Aol S F= AR AALE doxIn22-25].
T OE she A2 W9 2 o] o] FUEA ke
2-8-3H= Z10]1TH26,27]. Vitamin D= AE Ul9] Z¢
o9 FEE VM= dH AA | Agoto,
AP gA 2o F3LE FXIAZITH23]. o) F 7HA]
712be] o] %4 Axze] F24& AAsta, E3E
Z38HA Treth
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Figure 1. The chemical structure of chrysin.

ZO| A chrysin®] 2Hg 7)Aol thg A= vH]sith
E AFolAE A7 ZE YA Zol A chrysin®] VDR
< 53 AA} EAdSKtranscriptional activity)oll PIA&= 4
%37} VDR mRNAS| I ®islol vx|& Jaks AL
sttt =3, chrysino] ZHE 3 AM 2 #3} A (marker)
2l keratin 10, involucrin 12|37 filaggrin®] W3S =
771 A sk, ol chrysino] ZHEE A

| Y
ALE) 238 FANL F+ ASS AT

2.1, A2t & 717]

Chrysin (3=AF%F 254.24, Xian natural field biotechnique
Co. Ltd., China)< dimethyl sulfoxide (DMSO; Sigma,
USA)°ll 20 mg/mLZ =9 stock solution® 2 R 33} T},
1,25(OH):D (Sigma, USA)E ol €H-&(Merck, Germany)
o =of ARgSFAT

2.2, M= Hi

7P o g 2Esl FEE AFEY AEP A E
%] HaCaT M 3[28]% 5% charcoal stripped fetal bo-
vine serum (CS-FBS; Sigma, USA), penicillin 50 U/mL,
streptomycin 50 ug/mL7} %718 Dulbecco’s modified
Eagle’s medium (DMEM,; Invitrogen, USA) WX & A&
3t 5%9] CO, 37 CollA vjFsiATh

Abrel A 39 28 3 A M| E(normal human epi-
dermal keratinocytes)= ATCC (USA)A T3t
Dermal basal cell media (DBCM; ATCC, USA)E AH&
319931, keratinocyte growth factor (KGF; ATCC, USA)
& ¥olA ARESFATE old calcium®] = 0.06 mM
o]tk ZAFHME £3HE SJsiA 4 x 10° 72| 2
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S8 AEE 60 mm WA 21, 48 h &< vl
3 F KGF7} E91+ DBCMO calcium® 5= 1.5
mM 2 93 3 d 59 5% CO,, 37 TollA HiFst T
1 x 107 M 59| 1,25(0H),D %= 2 ug/mL chrysin
AYE calcium® %7} 0.06 mM2] DBCMoI H7}3t
o] AMg-EFSTh

2.3. Dual—-luciferase Reporter Assay

HaCaT ZHE AL E 70% confluentd}A| 7] 5,
VDRE reporter (Qiagen, Germany) 1 ugs hpofectamm
reagent (Invitrogen, USA)E ©]-8-3}o] A|Z2AR] Arg Ao
we} transfection 3+ TF VDRE reporteri= VDR <]
3 firefly luciferase”} AT = Y EF =013 plas-
mids®} &3 Renilla luciferaseES &= plasmids”}
0: 19 H&=E 5|9 DNA EFE|th ©] trans-
fection® M|EZES 24 h vl F serum®] §l= DMEM
Hi Ao chrysing =R Z 75l 24 h 5 s oks)
At

Luciferase activityS Z43t7] 913 dual-luciferase™
reporter assay (Promega, USA)E AH-8-3to] A=A A
WAl met A3stAnt 7heks] A skaby, Al bl
NS A A3kaL, phosphate buffered saline (PBS)E ©]-§-
sted MEZE g H Ao, lysis bufferg ©]-8-3}
MEZE S3lAHS Al Bl Ao firefly luciferase®]
7]12¢] LARIIE %37 luminometer Victor (PerkinElmer,
USA)Z ZA3IH Y. 71 3 Renilla luciferase2] 7121
Stop & Glo® reagentE 23 Renilla luciferase activity
5 SA3IA . Renilla luciferase activityS internal con-
trolZ AR5l A4 =79 firefly luciferase activity
£ 7IEor FAglst] AL

2.4. Quantitative Real Time PCR

Z+2 &g A M| 3ol Al RNeasy mini kit (Qiagen, Germany)
£ o]&3l] AA RNAE =3 F, A&Fsto 1 ugdl
RNAE GeneAmpR) RNA PCR kit (Applied Biosystems,
USA)E ©]&38}e] &7 AKreverse transcription)3}Sd T
A HA} WH$-2 Myeycler™ PCR 7]7](Biorad, USA)E ©]
&3t 3t

4% (DNAE & ¥ 2300 ng S AMESFATL, iTaq
Fast SYBR Green Supermix With ROX (Biorad, USA)<}
A7 SolAQl Zeto|HE ARS8t quantitative real

time PCRE 435}k Real time PCR-S CFX96 Touch
Real-Time PCR Detection System 7]7](Biorad, USA)E
o]8-3}] =383t} Quantitative real time PCRO A&
H Zgjo]r= 23 2T} VDR (VDR-L: 5-CCA GTT
CGT GTG AAT GAT GG-3, VDR-R: 5-AGA TTG GAG
AAG CTG GAC GA-3"); involucrin (IVL-L: 5-GAA CAG
CAG CAA AAG CAC CT-3, IVL-R: 5-CAA ACA CAG
GCT GCT CCA-3"); glyceraldehyde-3-phosphate dehydro-
genase (GAPDH; GAPDH-L: 5-GGC TCT CCA GAA
CAT CAT CC-3', GAPDH-R: 5-TTC TAG ACG GCA
GGT CAG GT-3"). =& Zg}o|m&= I 52| oKKorea)oll
A T2 AT Real time PCRS 53l 42 A F
A= housekeeping 4% GAPDHE 7|=2E A
ACt oz Agksto] YeERf AT

25 EAN SA

AR A= Hag} 2EUAE YL, Stu-
dent’s t-testt S ©]-83}] p-valueZ} 0.05 7|1 7 -$-
BAARSE ool e AoE AT

3. Zu ¥ 1H
3.1. VDREZ E3&t Transcriptional Activity X1 &1}
VDR vitamin D2} A%sHH, 3 W2 o] 53 & &
2 fr72ke] VDREE {1418kl A Agste] trans-
cription factorZ 2183t} 92l vitamin D9} 2] VDR
of A8 7 U= EHE 3] 8l dYE 2holBy
£ o]-83td 2~ 2]d(screening)S AAISHRAL, chrysin
S FH EAZ 2T} Chrysin®] VDRS 53} trans-
criptional activity®l] P]X]i= 93-S dual-luciferase reporter
assayS T33te] LolH 3ty VDRE o firefly lu-
ciferase s L + A TH=017] plasmids®} internal
control 2 Renilla luciferase S 373 LA 3H= plasmids S
S0l HaCaT &g A A 320 transfection 3FAT}. Trans-
fection® HaCaT ZtEFJHEE 24 h &< vljdst &
0.02, 0.2, 2 ug/mL F%2] chrysing 24 h &<t * 2|
H luciferase activityS S733FATh 3 A OlE2F S
2 243 vitamin DS 1,25(0H),DZ 5 x 10° MZ 24 h
B2 A 2lg F luciferase activityS ZA3FH T olu,
chrysin®} 1,25(0H),D9] 2] &% HaCaT 2+ A
A ZE A 24 h &<t A2 FH MTT assay S A A5k
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Figure 2. Effect of chrysin on transcriptional activity of
VDR. HaCaT cells were transfected with plasmids containing
vitamin D response elements in front of the firefly luci-
ferase reporter gene and concomitant with Renilla luci-
ferase expression vectors and then treated with various
concentration of chrysin or 5 x 10° M of 1,25(OH).D. After
24 h incubation, cells were analyzed for luciferase ac-
tivity (** p < 0.01).

M EZ A& FFe T4 B FEUS IRt THdata
not shown). Figure 204 &= uke} o], §A4 ozt
B chrysins A 2|3 A@TolA s=7t S7Ftel w
2} luciferase activity”} & 7| sHA S7FstA. Chrysin
= 0.02, 0.2, 2 pug/mLe AL o, 2Hzt 154, 2.2
Hi, 3.589HE VDRo] 288k promoter®| transcrip-
tional activity”} S718F4 Tk ©]124 chrysin®] vitamin D2]
2kg- 71221 VDR &3 AALE 243412 4 ot
= 2 & & Atk 1,25(0H,DE A8 d ¥4 =
ol 4] VDR] transcriptional activity= =78 thZ" o]
5.84 S715l, chrysine vitamin DYHE- VDR trans-
criptional activitys 5717171 E3iTh ©]= VDRO|
vitamin Dol] 5-©]2](specific)©] 2. 17} (sensitive)st7] W&
olg} oI AT} Chrysin®] vitamin DYFHE VDR2] trans-
criptional activityS 57HA7]1A| X3tE 2= VDRE &
3t transcriptional activity S S7M 1715 212 2] A¥
ANE T3 & 4 AT °]= chrysin®] vitamin D7}
VDRE B3l Ao 2hg-eh= 23 vlszshA| 28

=
SR QLee AN,

3.2, VDRe| ¥l &7t &1t
-2l chrysing AbEe] A s3] 2P A A Lo

A2)g)& i, VDR W&ol =

LobR I Chrysin®] #2] F 5= Figure 22] Z3}ol| 4]

uietaldEeta] =), Al 398 Al 1 &, 2013

E3

Fold difference

0
Control Chrysin

Figure 3. Effect of chrysin on mRNA expression of VDR.
Normal human epidermal keratinocytes were treated with
2 pg/mL of chrysin for 48 h. Total RNA was extracted
and subjected to real time PCR analysis with GAPDH
used as a housekeeping gene. The mRNA expression level
of VDR in the control was designated as 1.0. Results are
the means = S. D. of three samples (** p < 0.01).

VDR transcriptional activityS 71g &o] F7HA1Z1 2
pug/mL EEZ AT, o] 59 chrysing ZAFA
AL A 48 h F<E A2FE ) MIT assay S A8k

A Y&l FFE FA v sEUS Uit
(data not shown). 2 ug/mL F59] chrysins ZH& A

Ao 48 h 5% A8 & RNAE FE313L cDNAE
THE0] o] & template 2 A3} quantitative real time
PCRE A A& P on, J4Ct S o] &3l VDR
mRNA g W3S Akt =3 $4 o=
2] VDR mRNA T3HTFE 1.022 7]F31] chrysin
28] A9 VDR mRNA T2 =x)3l510] UYeh)
Atk Figure 3914 B uhe} o], 84 tiza tiH
chrysing #2]3 A&7 oll4 VDR mRNAS| o]
189 F7ksE AL & 4 Aok o] A= chrysin®] 7
AYPAHZAA VDRE] &S Z7MAZITH= AS el
Wk )= chrysin®] VDR S3) 2-8317] 9134 VDR
o] o] " a3sly] wl&o] VDR L] Frlsh= A
© =2 #1484 Utk M. Seifert 52 =Fof W=, 3
3% vitamin D! 1,25(0H,DE ZHAZAA| Zell &
3192 =) VDR & o] Frhettial dri29]. ¢
A3 Aol A chrysing ZHAFZGH ol AElstHS
o} VDRe| o] F718tAth o] chrysin®] VDR&
5%} transcriptional activityS S7FA17]= ol He] A3}
o} &, chrysino] Z+A M Zol| A VDRE 53 7]
O = vitamin D} FARHA 283 4 A= 74
< HoFE
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3.3, Chrysinof| ofet ZIEAMMEZe| &3t Ot e
A eke] xu] ol A ca101um-4 TEE AP GA Y
Balo] 23 Qlxlolth. In vitro HiFANAE ZHEEA
MZe) B3ls G538l Y8 calciumd] 55 %4
=

gty AP AN EE viFd o, w9 calcium
=71 0.05 ~ 0.1 mM=Z W 79 A M == wg]
25t &E3lshA] etk 18y calcmm =7 12
mM oY B¢ AP PHEE E3sHA FTH30).
2l 2P M ZAA chrysino] 2+ 3G A 29
T35 SXst=A] Dot ] s 3} v < keratin
10, involucrin 18] 31 filaggrin®] mRNA & FS A7
Botth ZHE M EA 2 ug/mL F=2] chrysine 3 d
Bt Asta, AP M Ee] B3 vlALS] mRNA
W WMS}E quantitative real time PCRS A A| 3]'04 e
BATE 1.5 mM calcium= A3k AETS I q]z
T2 ARSI 3) A 9] mRNA W 2
&2 mRNA EdHS 1,002 7]|Fsk] =2]3)51]
UER) A THFigure 4). WA, keratin 102] mRNA & &
2 B calciume A3k A tE2TolA 4 =T
] keratin 102] mRNA Z&&Fo] 574 S7FsF5 L
chrysing *| 2|3 AF A4S keratin 102] mRNA
o] SA4 Ul v 2.68] 5718 Involu-
crin®] mRNA Zd-& B calciume 28k o4 o
Z7oA involucrin® mRNA o] 4340 S718H 3L
chrysin | 2]7o| 4% involucrin®] mRNA o] 3.74]
Z7V8FTh Filaggrin®] mRNA LA HE, 44 dlz=T
QI calcium A EFANA 4 o= vl 5749 F718)
3L, chrysing # 2| gt Aol = 4 thEza iy
498 F71ekAT o] ZA, chrysino] 22 E M2
13} v}A I kerain 10, involucrin ~12] 31 filaggrin®] 2
As S7HRITE AS & A, o] A2 chrysin®]
PPN E ] E3lE FZAZTE AS AR
Vitamin Do} T H o 2] =l 2354, vitamin D
T3 AP AAM e B3E St & A O]‘:]'
[31,32]. $8l= &A¥ vitamin DI 1,25(OH,LDE 1
10" M BEE chrysin 223 i3} FUsiA 2+
A 3ol A Este] 23 A w3t rH Q] involuerin®]
mRNA & 2 49 B ¢k31, vitamin D7} involucrin®
s 7RIS e AT 33,34]9F T3 A
£ U th(data not shown). Involucrin®] promoterol =
VDREZ} &A8l] VDRl 2]3] involucrin®] & o]
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Figure 4. Chrysin increases the mRNA expression of dif-
ferentiation markers in normal human epidermal kera-
tinocytes. Normal human epidermal keratinocytes were cul-
tured in the presence or absence of 1 x 10" M 1,25(0OH).D
or 2 ug/mL of chrysin for 3 d under low ca® (0.06 mM)
or high Ca™ (1.5 mM). The mRNA expression level of the
control was designated as 1.0. (a) Keratin 10, (b) Involu-
crin, (c) Filaggrin. Data are shown as the means + S. D.
of three samples (*p < 0.05, **p < 0.01).

71 4 ATH35]. o)A chrysin®] VDR transcrip
tional activityE &7} 7] vitamin D 2} 713 &
st 2 E g M el A Vitamin DS} GAHA 245k
AP Az o] E3E HINE FE Uthe Ae Al

it A L L‘@.?‘%*Mh«l w3l Hofs= 248
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Chrysin& @4Hs}, &Fes) &4, &9 83 5 o
7HA sl el W A7t ol FoA ek, 7
P Zol| A o] Aol g A= mmleitt B AT
o] = chrysin®] 2+ A A Eo)| A VDRLS 53 trans-
criptional activity®} VDR®] T3-S Z7HA17]= A&
sRlglth. o] A2 chrysin©] vitamin D7} 2+-8-3H= 7]
2?1 VDRE &3l AP dME 288 + Aes
YERATE =3 chrysing Z21E A3 AM 2ol At
], Z-A P M EA A £33} vl72] keratin 10, involu-
crin? filaggrin®] & o] F7lstth o] A2 chrysin
o] AP PA x| E3E FIAE F Jdve AS
YERH, chrysin®] VDR transcriptional activity S 5
7HA71E vitamin D] 2H8- 71H-& S8t ZEE A
o)A vitamin D&} fAFSHAl 288k ZHE A A 329
B3E ZAZ 5 dthe AE AJARRT
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