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9] hyaluronic acid (HA)X= hyaluronic acid synthase (HAS) &4 of 2]3] ?J'Hﬂoi AAREARZA 752
o}“‘% T8 BEE Y A 75E A8k d #ejgith, oo & dAfoAs FHUR =1 oEotAEH ol E

35 (Prunus yedoensis bark ethyl acetate fraction, PYBEAF)©] HaCaT Aol 4] HA 34 o] v X &= JoFS
3Fol5t T, MTT assay s B9l AlZ54 H7HE 285t 1L, HaCaT A|3Eo| A PYBEAF A& S HA A
S ELISAS E3] 2H0151%th. HAS—-2, HAS—-3 mRNA W3 4222 qRT-PCRY Al&3to] BAslgon,
western blotting2 E35}o] @t A W & W ASAHIGAZE 321319 tt. Z211% 0 & PYBEAF7F MAPKS}H
CREB Az dg7d 2o] olsto] HAS-2 A4S B3 HA BEFS S7HAIRT o= PYBEAF7} 9§ H%
Wl gA0] FRT S s HA BAS S/HA 48 21 Al BIbh 4 ke,

Abstract: The skin barrier plays an important role in maintaining healthy skin by preventing external irritation and water
loss in the body. In the skin, hyaluronic acid (HA) is synthesized by the enzyme hyaluronic acid synthase (HAS), which
functions as a natural moisturizing factor and is involved in maintaining water retention and barrier function. Therefore,
in this study, the effect of the Prunus yedoensis bark ethyl acetate fraction (PYBEAF) on HA synthesis in HaCaT cells
was confirmed. Cytotoxicity evaluation was performed through MTT assay, and the amount of HA synthesis in HaCaT
cells was confirmed through ELISA through PYBEAF treatment. The levels of HAS-2, HAS-3 mRNA expression were
analyzed using qRT-PCR, and the protein expression level and signaling pathway were confirmed through western blotting.
Consequently, PYBEAF was involved in the MAPK and CREB signaling pathways, increasing the amount of HA production
through HAS-2 synthesis. This suggests that PYBEAF is effective in improving barrier function by increasing HA synthesis,
which plays an important role in moisturizing and maintaining skin moisture.
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st WS ek Xl QIA1R] HAS Dglucuonic
acid?} N-acetyl-D-glucosamine®] W2 A% FI2E 7}
%l AEA} glycosaminoglycan © =, A} -3 o] 4k}
7|(-OHYE xghstal Qlo] A 4= £75EaL Slck
HA:= & T, o5 5 ololRE QA 221t 7)ol 24
Sz Az 9] 7189 /ol 34]. ERF thge] s
HESHL Qlof mRe] 7 FANRTE opug} AHRY) =4
of| Fa3sHls].

HA 3F9] Z71= hyaluronic acid synthase (HAS)of <]
3] &=, hyaluronic acid synthase-1 (HAS-1), hyaluronic
acid synthase-2 (HAS-2), hyaluronic acid synthase-3 (HAS-3)
O] Al 7HA FEl= LA QlT6]. o] aasd HFAYL
O] Wi sEHolA HAS S & 7153 =5 &3l Al
Q] Fte = YEHTTL.

HaCaT A)3Zof|A] epidermal growth factor receptor (EGFR)
9] EASH= extracellular signal-regulated kinase (ERK)2] <1
APk 7150, HAS-2 mRNA &2 f-=51o] HA A4
2 Z7MAZITH8]. Mitogen-activated protein kinase (MAPK)
BE= AIE 9 ASE Az Y HEgor Hgsle d &
|&= 3 mi7iA|E, ERK, c-Jun N-terminal kinase (JNK)
Z12JA1 p38 kinase All 714 =8 S19] HR= ERRIE 2 A
B A e, Al 23] AE 9 ol 5 R Al
HESoll ofghl9,10]. AlEZ €] ATE F3lf S5l MAPK
e AR A5 ARE-S Bl k] s 2
gk o ¢l W=, MAPKS} cyclic amp response
element-binding protein (CREB) A& AE AZ27} B thil

ekl el A, 41508 Al 3 5, 2024
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o] §R) Wl 2ol PofRlekn WIEIEI]
SHUYY Prunus yedoensis Matsumura, P. yedoensis)= %}
wjlo] el W] g ERE Salfzio] oF 20
of o] ST QUOI12]. 97 Ak B4k HE ofstz
2 BHoR AgEo] gron], ool 1 sfaky )
ofo S4o] et 17} 2] Aadela Qlei13). 7]

2 7 Zuo] wEw YuTe udeld 54, 9%
9 P9F mh gk el Ueii4). Pums S

flavonoid7} -7t A= 24 Ql=d], flavonoid= ¢
SRME AFe] e RA B ¢ S aE U
B, o5 BReS Al Al &2 WISk
710381H15,16]. Quercetin, kaempferol® Z-& flavonoid 43
oL, Akt 9 S avEat olugl HAS &

P Esio] W5

a7t
U gealof 328k flavonoid o
EITE ool TR B Fag 3
or o/FEch wehA U 1] ofHoAE ol E
SE(P. yedoensis bark ethyl acetate fraction, PYBEAF)2-
B3 By W At Ak g7lofl & ¢d5ollA PYBEAF
7 HA A/l mixl= G o wE Asgd=E
2Aeleict

o]

2. W2 U A
21, A XM=

2 Aol ARG SR S, yedoensis Matsumra
bark)S AAE QRAClY AuE Aom Hokx
(Korea)oll 4] 2131tk AL 400 goi] 70% offek(ethanol)
412 Y3 A7k WX 2E F ofulsllr) ofole 3]
A 719F5Z7(N-1300, Eyela, Japan)S o]§310] 40 C=
23t ke EA7Z7)(FD8S0S, Ilsinbiobase co. Litd.,
Korea)2 o] §31e] Azalolth AR 30 go] ZHADW)
500 mLE 7}5lo] AJBE o] & SiKhexane) 300 ML=
W3 B8] el 342 3 5 wEsig Ee ¢
slo] B4 ZRISE7|S ol83le] 40 C 5 the
sAzs] AzE diE HERS Aol 28 7
gollof] HeZ = e}o] =(methylene chloride), ofobA]
Blo]E(ethyl acctate) A2 28] 2Z5}0n 55 14
olap| asle] WP zeol=e} ofolyelo]

sAdx | 2EEs A0 28 F 2 =2 0
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P. yedoensis Matsumura bark
(4002)
70% ExOH extaction
(4L, 3 dayy)
500 mL of distilled water (DW)
300 mL of Hexane 7
I 1
Hexare layer Water laver
| |
| I
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|
| |
Methylene chloride Fraction Etinvl Acetate layer Water Layer

Figure 1. Schematic diagram of PYBEAF.
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2.2, M= HHQF

HaCaT M= Cell Line Service (CLS, Germany)ojA] 7]
o] ARg519ICE: Dulbecco’s modified Eagle medium (DMEM,
GenDEPO, USA)©]| 10% Fetal bovine serum (FBS, GenDEPOT,
USA)} 1% penicillin/streptomycin (PS, GenDEPOT, USA)©]
e viz|of|A] 37 C, 5% CO, A ik

2.3. MTT Assasy

MIT assayE §3fl PYBEAFQ] A3z 548 H7}5l%ick
96 well plateo]] 8 x 10° cellswell 2 HaCaT A|EZE HE3}
%24 h 2L Hijksielc) viAE AlASIAL PYBEAFE &
=25, 50, 100 pgmD)E A3t 3 24 h Sk ufokslg
t}. 24 h 3 3-(4,5-dimethylthiazol-2-y1)2, 5-diphenyltetrazolium
bromide (MTT, Bio basic, Canada)E *|2|5}¢] 4 h E<F vt
SAALE AEdS A F dimethyl sulfoxide (DMSO,
Bio basic, Canada)E ©|-83) -83A]7]aL spectrophotometer
(SpectraMax 190; Molecular Devices, USA)= 570 nmoj|A]
a2 =519

2.4. Enzyme—linked Immunosorbent Assay (ELISA)
PYBEAF7} HA AVl n]3t= oJake Slsh] ¢

Ethyl Acetate Fraction

ELISAS 718¥5}99t}. HaCaT AJZE 6 well plateo]] 2 x 10°
cellswell 2 2531 & 37 C, 5% CO, ZAC = incubator
oflA 24 h BRI ©]% 25, 50, 100 ugmLe| F==
PYBEAFS A2]dt §] 24 h =9t U AT Alols A
o] 4 C, 12000 rpm, 10 min AT YA Bl
Hyaluronan Enzyme-linked immunosorbent assay kit (Echelon
Biosciences, USA)E- ©]-853ich

2.5, Quantitative Real—time Polymerase Chain Reaction
(gRT—PCR)

HAS mRNA lof| PYBEAFO] u|zj= aaE 215}
7] 913} qRT-PCRE %3Y3}%ict. HaCaT Aﬂ;aé 45 % 10°
cellsiwello] E=E 6 well plateo]] £531 & 24 h 52 ]
St o] T NS AARE H 25, 50, 100 pg/mL2]
=2 PYBEAFS #|2|dF & 24 h E21 vljokslsic) Trizol
reagent (Ambion, USA)E o] 85}o] RNAZ FZ519ick &
=3t RNAE- diethylpyrocarbonate (DEPC treated-water; Sigmma,
USAYS ARg3f 834171 % Nano Drop (Thermo Fisher,

Table 1. Gene Name and Assay ID Number in gqRT-PCR Analysis

Symbol Gene name Assay ID

GAPDH Glyceraldehyde-3-phosphate Hs02786624 g
dehydrogenase

HAS-2 Hyaluronan synthase 2 Hs00193435 ml

HAS-3 Hyaluronan synthase 3 Hs00193436_m1
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254 %)%
USA)o = Hekslal, cDNA 3432 cDNA $H4 kit (Revertra
Ace-a, Toyobo, Japan)S ARg3lo] hsioick ahieh
cDNA®} Tagman probe (Thermo fisher, USAYS ARE3l =
Zao] RIPCRE Wgalolc), Aglol AMSE Tagman
probe+= Table 10] ¥7]3}5c}

2.6. Immunofluorescence Staining

HaCaT A|3ZE 12 well plateo]] B3t cover glassE Eo]
Z11 2 x 10%ellsmello] HE2 B350 37 C, 5% CO,
2710 incubatorol} 4] 24 h SoFIALE 0] T BN
AZISKL PBSE. 3 8] AJH 5 cover glass® AT
PYBWE (25, 50, 100 ug/mL)E 24 h Zg)sldcy 27hke
100% methanol 2 1204 5 min H¥F-A]7] & T}A] PBSZ2
39] Alet ] 4% paraformaldehyde® 42of4f 10 min 31
AL 0.1 ~ 025% Triton X-1002 A}&3lo] HZ=
23|AAZ ¥ 1% BSA 2252 mg/mlL glycine in PBST
(PBS + 0.1% Tween 20)2 2o} 30 min blocking 3}, 4
CollA 1 24 &1e} 871 Helslo] ovemight 31%ck PBS
23 3] Al & o] kZE=R] ok AEiollA 2 A} 3|
£ 1% BSA°| 3J4sto] 3 h WhSAIA =911 oA 3 3
MlZ & slide glass 9]l mounting solution (with DAPI)
(ab104139, Abcam, UK)< HESA|A 3 TAsISIT 4
=02 ATRA 1 uME ARSI

Table 2. Antibody Name and Assay ID Number in Western Blotting

A- 437 -

Analysis
Symbol Antibody name Assay 1D
[3-actin [3-actin (13E5) Rabbit mAb 4970S
ERK Phospho-p44/42 MAPK (Erk1/2) 43708
P (Thr202/Tyr204) (DI3.144E) XP" Rabbit mAb
ERK p44/42 MAPK (Erk1/2) (137F5) Rabbit 46958
mADb
Phospho-p38 MAPK (Thr180/Tyr182
pp38 OSPROP ( Y8 s

(D3F9) XP® Rabbit mAb
p38  p38 MAPK (DI3El) XP® Rabbit mAb  8690S
Phospho-SAPK/INK. (Thr183/Tyr185)

p-JNK (81E11) Rabbit mAb 46685

INK SAPK/INK Antibody 92528
pCREB  Phospho-CREB (Serl33) (87G3) 9198S
CREB CREB (48H2) Rabbit mAb 91978

g ebel A, As0A Al 3 %, 2024

2.7. Western Blotting

HaCaT AJZE 4.5 x 10° cellswello] %= 60 mm plate
off B3 F 24 h S0 incubatoroll ] WISIATE o]
FeHE AATE F| PYBEAFE 25, 50, 100 ug/mLe] 5%
2 AYsk 15 min EF WESAIFTE RIPA lysis and
extraction buffer (Thermo fisher, USA)2} Halt  protease and
phosphatase  inhibitor cocktail, EDTA-free (Thermofisher,
USAYE &3l3h 8og ol8sto] AlE &alAl7]aL 20
min, 4 C, 12000 pme] Z7Io4 PARE] 5eick 24
Ba)gle] do JulAlS Pierce™ BCA protein assay kit
(Thermo fisher, USA)2 A2} &, SDS-PAGE 5X&2 %A
3 5 9T Stk AIGE F F membraneo]
ransfer3}3. blocking buffer® 30 min blockinga}ich 1 2t
S ovemightsto] *2]3t 5 Tris Buffered Saline with
Tween 20 (TBST)= 5 min, 3 3] A|23F & 3 h 5% 2 2
A2 Hei5isick TBSTE 5 min, 3 3] A2g 5 cha
o I A=E SRSk Aol AMSE FAlES Cel
Signaling Technology (USA)ol|A] “Lufja}sl.0m, Table 20|
715k

2.8, SAEA
= AF HolE= 3 3] WHEEOM student #estE

olgshgln Wit + FEHAR Lelfo] vl slgick
SAA e pvalue7t 0.05 WIRED 79~ HASHAT:
3. Zut & 1
31 ME dEE =T

PYBEAF-& HaCaT A|3Eof 25, 50, 100 ug/mLe] =&
Aefale] A S4L s 1 A3, conrol o]
113.42 + 2.77%, 115.65 + 6.37%, 11822 £ 743%2 X= 5
Eoli 54o] §leS SISkl weby o F Alge
100 ugmLo] F=5 o ez dAsto] xagsiaict
(Figure 2).

3.2, Hyaluronic Acid (HA) Ai&zF =3 Znt

sjsio] 278 SRS B Qo] St Al Fa ot
% Sfolth HAL Al 9] 7]e] Fa JRo 2
I 58 Elh ofe] 220N ZR3t ek Tk e upn
o2 HAE s &8s RAJslaL AR Aloo] 571 A
w22 P S frAIShedl 71o1Rte18]. i U

2
K
= E
o o




U ) o HopAlH o E F2=

HA] §Heo] 241, H3e] St §4] S| Aaf=lo]
)52 Apsjo] AT, ol T 71 wighy Z7Hut ok
o i} 22 . Weko= ofojl 4 IE19] 2 ol
A= HaCaT AJ3Zoll] PYBEAF #|2]o]] wk2 HA A/ €
Q15}%t) ELISAE- 53l PYBEAF-S- 25, 50, 100 pg/mLe] 5=
2 A2lst A3, HA RAgero] 22 825%, 943% 2 1056%=
e oA 07 F7RIES SIS 4= QISITE ofi= PYBEAF
ZHHA e S20510] 3)e] Skt 4] e o]
T O] &S oAU AT o S o= o
Stci(Figure 3).

3.3, HAS MRNA 1512 Ol HAS-2 EHEl urst =79
Zm}

Hyaluronic acid synthase (HAS)= S|US24F $H4] @i

=]
=, clofat 2Ao|A] BILLEAL Ao Fag gt 59y
140
~ 120 |
ol
5 100
= B r
E SN
=
— 40 r
it
20
D 1 1
control 25 50 100

PYBEAF ( wra/ml)

Figure 2. The effects of PYBEAF on cell viability in HaCaT
cells. Cells were treated with various concentration (25, 50, 100
pg/mL) of PYBEAF for 24 h. Results are expressed as the

means = SD of three independent experiments.
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Figure 3. The effects of PYBEAF on hyaluronic acid production
in HaCaT cells. PYBEAF increased hyaluronic acid production.
Results are expressed as the means + SD of three independent
experiments. 'p < 0.05 vs. control.
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Figure 4. The effects of PYBEAF on HAS-2, HAS-3 mRNA
expression and Hyaluronic acid synthase-2 protein expression
HaCaT cells. HaCaT cells were starved in serum-free DMEM
and then treated with 25, 50, 100 ug/ml. PYBEAF for 24 h.
(A) confirmed the expression of HAS-2. (B) confirmed the
expression of HAS-3. (C) PYBEAF secreted HAS-2 protein at
all concentrations. Cells that were not treated with anything
were used as control. ‘p < 0.05 compared to control.
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gtk HAS:= HAS-1, HAS2, HAS39] A 7] R0z
U, ZF 582 A= o2 FHel 7)52] HAS et
tl. HAS 5 HAS-29} HAS-3&= 3|24 g A4
Q1 AES sh= AoRE delA QIri20]. BHH, HAS-1-2 A
zuto]] HA ARSS JH 02 JAI5k= SEo] Atz
2 AlRFH o], HAS-19] Wadv} SHdsh= A5Ad ol
A QJIE}RZIT} AfolEZIQIT -2 AFA] QAR oJ8)
TEl= Aos HIEQTH2I).

2 AFo)AE HaCaT Ao PYBEAFS 2|5}
HAS-22} HAS-32] mRNA 4Ha 9 HAS-2 thilal uhalaks
qRT-PCRY} Immunofluorescence stainingS ©]-8-510] 7))
9t} PYBEAFS 25, 50, 100 ug/mLo] w2 2|23t Az,
HAS-22] mRNA 2H&lo] zHzh 141 + 02%, 1.67 + 0.12%,
3.96 + 038%2 H o|RF o =3l Aoz et
t}. ¥hd HAS-3 mRNA 22k 0.62 + 0.06% 0.60 +
0.01%, 0.69 £ 0.04%= HAS mRNA 2F&o]= 3RS 1)%]
A Aotk ESE HE o] HAS2 thifo] Haje A
< ZRIHckFigure 4). ©|2{$t Z3= PYBEAF7| HAS2
mRNA S fsto] HA 3HdS 318k, ol -3

2=
uRe] 2 A B HE 7 JiAdskeET 7199E Tk

AFolA] ARE F 29l all-trans-retinoic  acid
(ATRA):= WIER AQHE] A F=AI=, Al 23l 54,

UTH22]. 53] HAS-2 mRNA U&s S7A7 = A=
AA 23], A A, ATRAS *2J3h 2 HAS-2
o] AAHAl 71 ES ERIE o Ao, o=

7l A7 Aste} el

3.4. MAPK MSTHEPE THEHE 5 3401

MAPK+= A2 ] AlSdd 2ok Fa3t I3k st
= Wi F SR deA Itk MAPK:= ERK, INK 71
23l p38E FFEH, o5 27t Aoldh Al g HE
A Z-851m, ERK, p38, INKS] HAJsk= A3 Q1R), Alo]&
7101 52| Tiofst o AlE HAjof sl ZAHTH24].

2 AtoAli= PYBEAF7} MAPK AlSd 7= ]
A FFE H71sl7] $Jal, HaCaT A2 PYBEAFES
25, 50, 100 pg/mL2] ==& Z]2dt & western blottingS
olgsto] MAPKO| Qilst AelE EA513ict PYBEAF
A2] 23}, p-ERK, p-p38, p-JNKO| Thlz Hlgdo] Fi= 9]
Ao kBl NSS ER1 T 4= ok ol=gh Aut

g ebel A, As0A Al 3 %, 2024

A - 437 -3
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=
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Figwe 5. The effects of PYBEAF on the activation of MAPK
signaling pathways in HaCaT cells. HaCaT cells were starved in
serum-free DMEM and then treated with 25, 50, 100 wg/mL of
PYBEAF for 15 min. (A) PYBEAF increased the phosphorylation of
MAPK. (B) Data analyzed using image J. Cells that were not treated
with anything were used as control. ‘p < 0.05 compared to control.
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(A)
p-CREB - N 8 ’
- -
CREB | e S S S —
PYBEAF
25 50 100
(ug/mL)
ATRA
+
(1 um)
®
10
3
E =
o
-~ & 5r .
=3
g7 .
T 3
K]
e
Il ‘ ‘ ‘
control 25 50 100 ATRA

PYBEAF ( za/nl)

Figure 6. The effects of PYBEAF on the activation of CREB
signaling pathways in HaCaT cells. HaCaT cells were starved in
serum-free DMEM and then treated with 25, 50, 100 ug/mL of
PYBEAF for 15 min. (A) PYBEAF increased the phosphorylation
of CREB. (B) Data analyzed using image J. Cells that were not
treated with anything were used as control. p < 0.05 compared
to control.

+= PYBEAF7} MAPK A5 25 F3lo] HA 3
ZAZ = 21 Uehdith(Figare 5).
3.5. CREB THAIQIX} THEHE! Hi5d =7

o %03k AA} QA ERKO| ofs) 2 AETs]
37 A7) mEw CREBE Alxe] 24, Bs) 4% u
S 5 Toret Aeld 3bgol W4HRl ofgke stk Ze]
UFSIATH26l. £5], HAS20] W& ERK 9 CREBO| %
ol ofEsis Aoz B ut Qei27]. ofed WA
HlgHO R, 2 Aol At PYBEAF 2|7} HaCaT AJ2Ee]
A CREB] QU¥SHE §iz3t0] MAPK, CREB A5 7
= ) HA 3h4o] 4E Ao oSk
PYBEAF7} CREB] QlAtslo] njx|is ofake H71s)7]
©J8j) HaCaT A|3Eo| PYBEAFZ 25, 50, 100 ug/mL2]

oX,
fol

@} 257

= A3t ¥, CREB Thje] A} elahade) Wl wiat
£ =II5P7] 913 westem blotting S 14|51}, PYBEAF
A2 73 CREB o] walo] SOl oAl $7151
tHFigure 6). ©]2f3t A= PYBEAF7} CREBS] QlAks}E
=51l MAPK, CREB 41549 Z =5 S4J3HA|A HA

ShO] Hu]E ZASN A0 ShAE 4 ok

3 G0l A= PYBEAF7} HaCaT AJZofA] HA A4l
AL G BASGn Az YEe =3 A
PYBEAF== 25, 50, 100 ug/mL2] “sieoflA] B =do] ¢l
o), A =S 100 ugnl i Ak TR B F
AJof] Z03 HAS) A4S 2757] 913 ELISAZ: 433
3t 2k, PYBEAF Hjelo] ols) HA AlAJeo] 5 ol
o= §ojulshl Z7H5tck ol PYBEAF/} HA 42

S05t0] W50 45 A1) 5L AL 5 Ghe

il
°

ERdiT. HAS-29] thilld] W&l HAS mRNA H&wf 249
< %3 PYBEAF7} HAS-29] mRNA &S s}l
HAS2 Thd o] fuls ST 21 ERISIGIT) Hi,
HAS-38] o= foufet ®aph glglew, ol=

PYBEAF7} 2 HAS2Z £3)] HA $4S 2A3RS AJA}
3ith. MAPK A1349 2 & B4 Zu), PYBEAF7} p-ERK,
pp38, pINKS] BhE f=dte] MAPK AlSHdd 2=
5 2AJ3eks ER151% AL, CREB Tl Al o] Qi) BA4S
53, PYBEAF7} CREBO| QIAEIE J7HAAH MAPK,
CREB A5 25 SA5Rt= S ERIskyth
pdiLtRof= ookt flavonoids AdE-50] HrElo] QL
=4, 1 £5&= naringenin, sakuranetin 2! prunetin 50|
Qo o] - naringenin®] $EFo] 7Pt w2 ZOE LE}
HrH24]. o] aATto]] whEH, flavonoidF-21 kaempferol ik
quercetin®] ZFEIGAIAN| 225221 HaCaTol| A HAS -3-4%}2] vt
S S7HA HA e 7T At Havt )
TH18]. o] 7 AME Foll ol i flavonoid
AEEE HA TS KT 7FsAdo] dtkar AJAReETk
ApH o2 PYBEAF+= HA $Hd& S418kaL ojRo] 4=
= 2 g A4 758 A 5 e 73S Al
3lt}. o] PYBEAF7} MAPK, CREB Als4g ARE =
8l HA 34 2dsh, 9ft 4% 540 583 93

o Qe HolErh
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