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o ©2:3 hyaluronan (HA) T% B fojsts oz 4% 3 sz 9459 extracellular matrix® 74

= =g AR F shtolth Glycosaminoglycans (GAGs)® T4 489 Uz FAde el fefshe 2oz deld
ol T AREL E3 HIA F45E Aol ZFUAE Polyphenolic compound®] U%9l kaempferol®} quercetine A AF

Lo ABA S Bo] 2 Aoz Uiy 9o, kaempferolS 1A EI M ZoM glutathione & F7FA171 2 quer-
cetin® lipoxygenase inhibitor® PPAR (peroxisome proliferator activated receptor) - mediated EHHE £3H& AAlstE AL
2 g4 9ok B dydr $aE Z3 AEFA o]E flavonoids - kaempferol, quercetin - &) HA A vx&= 93 &
olpmzl stk B4 Aol W& HA ¥4 &9 hyaluronan synthase 1, 2, 3 (HASIL, 2, 3) §3A 489 ¥3E semi-
quantitative RT-PCRS Z3) 481 th ol% flavonoidEel 23 24 h ¥ HAS2, 3 mRNA wgo] Z7iEE RS WA
w3 HA A% WalE golrr] 93 ELISAZ F3sdth 4 h B2 A2 & uixE 789 HA §4%8 49E 27
o] 2R o3 Aol T3k Z/HEe & < Uk HE FA4 SR ZHI} retincic acidellEe $ PIAIAR kaempferol
I} quercetin® E¥ MITFA F& JEHoz HA $4L F/HZT 99 Z3E 58 flavonoidF¢] kaempferol# quercetin
o] TEoJA HA A ZAAZL & 5= YT o1 Bl AF REF AFE Ao TAE E F & 2o AzdErh

Abstract: One of the key molecules involved in skin moisture is hyaluronan (hyaluronic acid, HA) with its associated water
of hydration. The predominant component of the ECM (extracellular matrix) of skin is HA. It is the primordial and the
simplest of the GAGs (glycosaminoglycans), a water-sorbed macromolecile in extracellular matrix, included between the vital
cells of epidermis. In the skin, HA was previously thought to derive exclusively from dermis. But, recent studies revealed
that HA could be synthesized in epidermis. Flavonoids are polyphenolic compounds that is found mainly in foods of plant
origin. Kaempferol was known to increase glutathione synthesis in human keratinocyte. And quercetin blocked PPAR-meidated
keratinocyte differentiation as lipoxygenase inhibitors. In this study, we sought to evaluate the effect of flavonid, kaempferol
and quercetin on production HA in keratinocyte. We examined the changes of three human hyaluronan synthase genes (HASI,
HAS2, HAS3) expression by semi-quantitative RT-PCR when kaempferol or quercetin was added to cultured human keratinocytes.
We found that these flavonoids slightly upregulated HAS2, HAS3 mRNA after 24 h. And we investigated the effect on HA
production by ELISA. When we evaluated the level of HA in culture medium after 24 h incubation. We found enhanced accu-
mulation of HA in the culture medium. Although the effects of above flavonoids are less than retinoic acid, the data indicate
that kaempferol, quercetin can dose-dependently increase the level of HA in epidermis cell line. It suggested that flavonoid,
kaempferol, and quercetin increased production of HA in skin and it helped to elevate skin moisture and improve facial wrinkle.
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5 X wfd FejelA e HAY #42 98 £/
372129} trans-retinoic acid, N-methyl-L-serine %ol
o8 Frhdvhe H1f4-9]9 Hid =X © q4z2E
(estradiol) ® 1 FAMEZ ] HAS A& Z7HAt=
BA[10-127 dou, HA dirtel oigk zAlgh 7]zke
o2 7hA] wrE 2| A] gkl @R, HAY §A4 & AxTte]
orZ FWolM HA ¥AEA(hyaluronic acid synthase,
HAS)oll 93] 2=, dA4=E S AX=E Ex o
o A & 7)Ao SHHE oz dHFH I3

ZREsEANA HA $ate A= AEae A4}
4do] &L hyaluronic acid synthasel (HASL), hyaluronic
acid synthase?2 (HAS2), -hyaluronic acid synthaseS
(HAS3)®] Al 7}A Fej7t Bas ) olgt #A#dsle], &
34N A (Epidermal growth factor, EGF)& JLJJ /‘1]4_
kel Lol HrbstdS W HA #4 &2(HAS) F3x
HEo] F7hEAo] R wh gitH14] T3y, HAY
Jx 2 2o A9 2x HAS #39 245 dx 2 7

% HA 34 E4HAS) £ HA 84S 74
of g AT W B EFE Aot
| s HAS B} gadoz Qe ZF3
Hell st R A3 Ad I g3
29 2 3d, wgaﬂEﬂ el ~°] 2}% ﬁgi
flavonid++ AF

ofu e}, °]i11 Al LHJ HA #4da4x °7ﬂ A€
THINA ARA R QA o HAY 4L =
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Aol AREE AlekS 2 kaempferol, quercetin, retinoic
acid, phosphate buffered saline (PBS), sodium bicar-
bonate 5 Sigma (USAJAF AIES AMEEIAYL, trypsin/
EDTA, penicillin/streptomycin, Dulbeccos Modification
of Eagles medium (DMEM), Trizol 5+ Gilbco (USA)
Ab AEL, FBSE HycloneAHUSA) Xﬂva, RT-PCR kit
+ MBI FermentasAHLithuania)®) First Strand ¢DNA
Synthesis kitZ, PCRS Takara*HJapan)®] Ex Taq kit
Z, primere bioneer*HRepublic of Korea) A%<, ELISA
£ 93 Echelon”HUSA)2] HA-ELISA Kit 5<% AF&3}
)\}\T:l—-

7171 ELISA reader, PerkirrElmer Cycler 9600, agar—
ose gel electrophoresis system 58 AM&3tgth

ELISAE #33}7] 93 Echelon/\}—J Hyaluronan En-
zyme-Linked Immunosorbent Assay Kit (HA-ELISA,
Product No: K-1200)& T9)stsich

2.2, M= sl ¥ FE Xz

2 A A3 HaCaT AEFE =29 gd3As
(DKFZ)¢] Norbert E. Fusenig ‘#A}ETH B i)
HaCaT A¥E 10% FBS (Hyclone A}), sodium bicar-
bonate 35 g/L 2 penicillin/streptomycin 100 TU/LS &
5k DMEM siX|olA  AAg vy ZAB7C, 5%
COz) 3ol A BiF3tsitt MEw 3 g2 AA e u)
A WA F1 D27t Hio] =2EAiuial 1:59 2
g vz 22 wisldnh E3E Mgy 72 h Ao 2
2 W Zetaa 75 e’ 1 x 100709 AEE BFE
o, 10% FBSE st wixlelA] 48 h &< vt
o 3 F FBS7F §le HIAANA 24 h F<t vt
kaempferol® quercetin, retinoic acid$ ZHzF X 10009
EEZ DMSOd =9 stocke® TE & final %7}
01 uM, 1 uM, 10 M7} H=Z Hgste] 24 h 59 1)

Fsidl
2.3. RNA Prep % RT-PCR
HaCaT A3= PBSE 7 ® A#31% 3 RNAE Trizol

Alekg /\}%0}&1 stk RNA %< spectrophoto-
meterg ©]&-3te] SAHSF R, AL agarose gel electro-
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Figure 1. Structures of kaempferol and quercetin.

phoresis& A28t}

A3 RNAS HHAbetal, oo Al 7/ HA ¥4
A HASL 2, 391 Zol&<¢l primerE ©]&3te Z+7he
A&l PCRE 43313tk % RNA 4 pgs M-MulV
dAAL FEEAQ0 Uul) 1 pl, RNAse SAA(20
U/ul) 1 L, 5XReaction Buffer 4 uL, 10 mM dNTP mix
2 uL, oligo (dT) Zete]H(05 pg/ul) 1 uLE frate
e T8E 2 ,uLOﬂ/H AL 3ttt A8 RNAS oligo
(dT) primers} DEPC-H:0Z #o % 11 ul7t HA &
Z 70CoA 5 mingt 88 F Lol EUTh o]F 5 X
Reaction Buffer, RNAse ¢}AA], dNTPE ¥ 37ColA
5 min7t §H% & M-MuLVE Y1 tiA] 37CelA 60
minZt ¥h3AIA GAALE Rgsih o] F 70TA 10
min?t 7FEste 94 } Fae @4E AASGH

ALsM 79 Hkg £¢8 3 yLE #3td PCR W
Lo Algslgict. Zhzbe] PCRE TaKaRa Ex Tag DNA
F8 & 2(5 U/uL, TaKaRa), 10 X Ex Tag Buffer, MgClz,
ANTP Mixture ¥ 25 pM9] AE3 sense T+ antisense
PCR Z#ol={(Table D& T3l W8 EHE 20 ul
el A Perkin-Eimer Cycler 9600 (Perkin-Elmer Applied
Biosystems, Foster, CA)E AHE3le 88kt PCR
e 242 then 2l 94T A 5 mint e A
AtolZg AZ thg 94ToIA 1 min, 55CA 1 min %
72CAA 1 min 30 s7+9) cycle2 303 ¥rE-3titl PCR
A3 Z agarose gelol A719FstL, oEUE Ezrio]
=(ethidium bromide)2 H439Art. GAPDHE S%3%
A%RE ZFFE AT 7|FoE AUTH

Table 1. HASL,- 2, 3 Specific Primer Set

2.4. HA-ELISA

oA AF3 HE AE vidES 5343 3 kaempferol
7} quercetindll 98] Aol EREo] wjx 2 Euld HA
o] okg dotry] f3te] wlAE FA3te] ELISAE <+
3 O}A}\B}-

e AE vleks 53 AT 9AE HA-ELISA Kit
Z 0]&5}9 kaempferol®} quercetinell 2]8} HaCaT AlE
o Ao wiAZ HEHE HA $AFS AZFA

5

2.5, l\/ITT Assay

Ay A AE H54& dotry] $ste} 96 well
plates] 1 x 10Ywellel XS EF3n 99 zHoR
Hjekstel MTT Assay kit Wel protocalel Wk 562 nm
N EHEE SAHI

2.6. 84 &4

golg EBALe SPSS package program (SPSS, Inc.,
Chicago, IL)& AH&3te] Fastdon {942 p<0.05
N1Fog aHEHUh

3. & ¥ 1#
3.1. HA &4 #HA Lol ofxl= I

aempferol®} quercetin, retinoic acid
2 A3 & HA &4 249 $3EE mRNA FEddA

T
O
jab]
y—]
Y
7
2
2
=

HA &4 &4 % HAS2 3349 3% DMSO% &4
Aol RE HHEE AL BUdT 4§ U HAS3
o] A$E DMSOME 2% AEHdoy 1 M 10
UM %9 kaempferol®} querceting g A EolA
ta 271 AL 4 S U FRURToE AR
01 M 1 M E5ol A HAS3
g BTt

retinoic acid®) A%
ok
[o R e]

7F gol HiH=

fijo

3.2. HA gtAMztol| o|xl= H&t
HaCaT M EAA kaempferol™ querceting FEEZ

Primer name Sequence
Forward 5-AGG TCA TGT ACA CAG CCT TC-3
HASL Reverse 5-CAG CAG AGG GAC GTA GTT AG-3
Forward 5-GCT ACC AGT TTA TCC AAA CG-3
HAS2 Reverse 5-GGA GTT TCT GTA CAT TCC CA-3
HASS Forward 5-GAG GAC TGG TAC CAT CAG AA-3
Reverse 5-ACC GTT CTT TGC ATT TTA GA-3
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Figure 2. Effects of kamperol, quercetin and retinoic acid
on HAS mRNA expression. S.M.. size marker, HAS:
hyaluronic acid synthase expected size: HASI (914 bp),
HAS?2 (819 bp), HAS3 (972 bp).
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Figure 3. Effects of kampferol, quercetin and retinoic acid
on HA synthesis (Ka: kaempferol, Qu: quercetin, RA: retincic
acid).
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Figure 4. Effects of kaempferol, quercetin and retinoic
acid on cytotoxicity (Ka' kaempferol, Qu: quercetin, RA:
retinoic acid).
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