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Abstract

Objectives : Skin aging is generally characterized by wrinkles, sagging, loss of elasticity roughness,
pigmentation and dryness. This changes is caused by reducing the elements constituting the extracellular matrix
contributing to the physiological properties of the skin, such as collagen fiber, elastic fiber, and hyaluronic acid.
Adequate skin hydration is important to maintain normal skin function and reduce skin aging. The present study
is objective to observe skin moisturizing effects of Unripe apple(UA, Immature fruit of Malus pumila Mill) in vivo
and its underlying molecular mechanisms.

Methods : ICR mice were orally administerd UA(100, 200 and 400mg/kg/day) for 8 weeks, and skin water
contents and the expression of transforming growth factor (TGF)-81, ceramide, hyaluronan and collagen type
I(COL1) were measured in dorsal back skin of the mice. Gene expression of hyaluronan synthase(HAS1, HAS2,
HAS3), collagen synthase(COL1A1, COL1A2) and TGF-81 were also determined by realtime RT-PCR.
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Results : Skin water contents and the expression of TGF-81, ceramide, COL1 and hyaluronan were significantly
increased in UA group(100, 200 and 400mg/kg/day) compared to vehicle control. The mRNA expression of HAS
isoform(HAS1, HAS2, HAS3), COL1A1, COL1A2, and TGF-81 were also significantly increased by UA.

Conclusions : UA has skin moisturizing effects and enhancement activities in skin function related
components(COL1, hyaluronan, ceramide and TGF-A1). These results suggested that UA can be a developing
candidate for developing alternative skin protective agent or functional food ingredient.

Key words : Unripe apple; Skin hydration; Skin moisturizing: Skin aging
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o] gk} Vitamin C(L-ascorbic acid, L-AAR= QA
2730l gt a7t EEA =0l & EEE Tkt
TR g 9 nj5o] A%, vlgol felet Aow &
24 Qi L-AA= o By g8 g4 9 B gt
2} collagen, elastin, ceramide 34 &% 9 gHAIS}
v 52 B9l vF 5 M 2 AR B ans
el mf A7 A0 B & 4 9oH,
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A Faet Bde Fakgo] A&H 02 A|7]=olgt
o, ojof wie} oA QPG ok A1E Y
H 5 AAE 7N g7 715/ A9 e 1
o] FEu .

Ak Aot GAdnE AR (Malus pumila
Mill.)9] &3t AR, FHlof &7 82 FRE 7|5
=o] Utk o5 At ] MRS oE B 4
EE B7 4 Qlrh (RESEER) O S AE2 AL
k2 2H RS HolEal, BE 231EA oh, ik
o] ol 7leo] FE3 A flishs Aoz 71550
Qo A i, g 5] A-8o] Qlof mjEole] &
I 3 Z|gE®. wgs 3R AN unripe
apple, immature fruit of Malus pumila Mill}= 4
S| Blsf {714k ofuliAl, Aol W Eeuls
50| ol ZARKY. E3] UAY Ak} e A%
I Het 108 o1 2 Aog Byg v glon0,
chlorogenic acid, rutin, quercetin glycoside, lutetolin,

caffeic acid, p-coumaric acid, phloridzin 3} 2+
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FA} FEEEUA)S] T BEadts A4 7 B
S JIpt & AYEo] 9l L-AA(100mg/kg)2t ¥l w5}
of grlstarAt sigict. ERF 11 A 71H0 R nE 5
okl MY F83% FFE mAe AeE gl
transforming growth factor(TGF)-A1, ceramide,

Ae)

hyaluronan(hyaluronic acid) 2 collagen type I
(COLDQ W 9A] Brfstaat s9ich

Mt & 55-66Q8 Aol 48kt FEARKunripe
fruit of Malus pumila Mill.) 100kg& Z5310] B2
2375k it B2alo] 525k Blatelth HA
EfS RAR 7Rt & B xSt 2T 12kg9]
I} SEEEUAS 9%lem, ol Nutracore
(Suwon, Korea)& AlgHIob ARSI ARG &
AR oE 'y 48A phloridzin(Sigma-Aldrich,
St. Louis, MO, USAYS AHEAZ AAs}o] 7]
BAEATY0] 9=F5] high-perfomance liquid
chromatography® 2QIgH ¥ Aglo] AR&319KFig.
D2, #2E A (phloridzin) o183lo] 2HAJet Ak
FA9] 3HAE ol8sto] AR o SR A, UA
9] phloridzin % 0.06mg/gI%ir

UAS| Fo}ge olEel Wy BEETE $E4E
o ots 1zt ICRARES] 653 S0 $2(Orient

Bio, Seongnam, Korea)E ©|83}o] SEATS 3

B 9 691 ¢ At 3280 W3 wg

St dEsEd 1590 ARSAIE(RE 2242C,
S 50+5%)°1 A F, AsS 7I1eeE 79 1
0uRE]¥ 57RO 2 Liro] T2 9ol ol8sitk UA
100, 200 ¥ 400mg/kgE Hraoll |3iAA Y
1314 85 59 A2 Fofsigitt. ER Al 9 5E
Aglod DRE a7} de] defA Q= L-ascorbi
¢ acid(l-AA, 100mg/kg/day)(Sigma- Aldrich)g
% oKER AMgSlo] Hln BrIslgon, YAt
2 i TFTE 10nl/kg= 5L I B AT F
ofsiltt. A¥EES 3E Fo TR 2441 F 2-
3% isoflurane(Hana Pharm. Co., Hwasung, Kore
a)2 rodent ventilator(Model 687, Havard Appara
tus, Cambridge, UK)Z Sulslet H m¥ 23S
Azfoto] F5 ZAo ARSI, & FEATS o
Stojrfelal FEHEREIES]] AR SRk Yol 3
3199 Approval No. DHU2021-028).

Fig. 1. ldentification of UA by High-Perfomance
Liquid Chromatography(HPLC).
Chromatogram of UA(upper) and phloridzin standard

by HPLC(lower).
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HE B T2 AR w5 13] A5HAEA(XB320M,
Precisa Instrument, Zuerich, SwitzerlandrS AFE5}0]

=19

T S R B Gme] 5 % R 242 )
#5lod, Automated moisture anlayzer balance
(MB23, Ohaus, Pine Brook, NJ, USA)E o]83}o]
2Ral9lc), T 20| FRke T 240) WA &
ol dit WlEe] Fo= AASHct

5. O XX LY Collagen type 1(COL1) &
£3

i 225 AYFHgE
M Prep Bead Beater(GeneReach Bi

HE R FR 26U F 5 F
% 24 taco"
otechonology Corp., Taichung, Taiwan) 2 ultras
onic cell disruptor(KS-750, Madell Technology C
orp., Ontario, CA, USA)E o]83}o] #2519t
0]& radioimmunoprecipitation assay(RIPA) buffe
r(Sigma-Aldrich)ol] g3figt 5, YAEE|(15,000%g,
30min, 4C)sto] A5HS 2251} Procollagen t
ype I C-peptide(PIP) FIA kit(Takara Bio, Tokyo, |
apan)g °l&slo] ARAL] wiwde] w2t AR 54

Sjoick

6. I8 XZ Lf Hyaluronan &% =4

Hyaluronan 359 242 A3t 5 & gi 23|
< acetonel & EAI5k1, 50mM Tris/HCl(pH7.8) b
uffero]] 208 52t #91 F 1% actinase E(Sigma-Al
drich) proteolytic digestion -&0] o} 4ZxYU =
ot 40CE 71¥sI¥t}. 1 th22& trichloroacetic a
cid(Sigma-Aldrich)E A4 €49] 10%7} === o
sto] ghaalet 7, A4EE](3,000x g, 20min, 4C)
sto] F5AS E2folaitt. 2Eet A5 10N N
aOH=Z 33Rt H, mouse hyaluronic acid enzyme
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-linked immunosorbent assay(ELISA) kit(Mybioso
urce, San Diego, CA, USAYE o]-83}o] A=A Hj
Tl w=t hyaluronane A% 4519ct

7. O XX L} ceramide & =X

o8 22 Y ceramide TF primary antibody
coated plate excluded blank ELISA kit(MyBioSci
ence}5 °1&5to] A2AR] ol wet HES FH
gt 5, 96 well plated] 10ug/welld] s=2 MES
4CoA s B3t ZHsto] SAsIqith HEEE ¢
eramide ¥A|(Sigma-Aldrich, Cat. No. C8104)2}
AES HIES A1 &, 3,3°,5,5'- Tetramethylbe
nzidine substrate®} ¥-&-A|# microplate reader(Su
nrise, Tecan; Ménnedorf, Switzerland)Z 450m°]
Al &738lo], standard ceramide(Sigma-Aldrich)2}
tiufste] 71 ok Alkkekict

8. O|& XA L Transforming growth
factor(TGF)-B1 & =X

o2 22 Y TGF-p1 T mouse TGF-A1
PicoKine™ ELISA kit(MyBioSource, San Diego,
CA, USAYE ol-&3lo] AlxARe] miwdo] et Z7gst
il

9. Realtime RT-PCR

T2 22 Y Hyaluronan Synthase(HAS1, HAS2,
HAS3), Collagen type 1 alpha(COL1A1, COL1A2)
2 TGF-81 F3AHe] WAFS S74sh] Sish, WA A
F5t 5 & mH 2202 HH Trizol reagent(Invitro
gen, Carlsbad, CA, USA)E ©]85}9] total RNAS
EZol3itt. 11 & High-Capacity cDNA Reverse Tr
anscription Kit(Thermo Fisher Scientific Inc., Ro
ckford, IL, USA)E °:&3o] H-AMAA cDNAS 3
AJ3F 5 ABI Step One Plus Sequence Detection S
ystem(Applied Biosystems, Foster City, CA, USA)



£ ©0]85}o] Real-time PCRE =345}t Z+ 944}
o] SFARELE B-actin® FEFo| tiulsio] A
Zoloirt. Ao ARESE HAS1, HAS2, HAS3, COL1
Al, COL1A2 ¥ TGF-$19] primer @714E2 Tabl
e 191 =it

10. A &

AR 71 o HwE fote] SPSS for
windows(Release 14.0K, SPSS Inc.) Z2 13 A}
Bolo] SAR E42 AAlBIglt Haed o s=
Levene testE AAlGIo] SEAVSS 78S & 1 A%}
of wEt YYMAEAEA(One-way analysis of
variance) & Tukey's honest significant difference
(HSD) test® ARFHAS AAGIYTE HIESAHHO
Z& Kruskal-Wallis H test®2 2AHEAS AAGH &
Mann-Whitney U testZ AREAASIHL 2E 54
> Hat+ EEEAR AABIACH, pgte] 0.05 vlRt
U A A Feldol e AoE WS

==

Table 1. Primers Used in Realtime RT-PCR Analysis

g 9] 67l 1 FARY FEEC W B a3

n. 2 o

1. ORA9 NF Hald| OjX|l= g

Agdizto] £ AlZ ol A AL B 32.04
+1.81go|%om, Fof A AlH(Day 0)°l dalef 9]
Slo] i 29.03+1.84g08 74519 olF A4t
2] Hat AFS HAb Skl 2F Fof A
(Day 55)°l B 29.03+1.84g0|AtkFig. 2). BE
=7 Aol e] A3zt UA 100, 200 ¥ 400
mg/kg E= L-AA 100mg/kg ot Hat A5 ARl
Rolet Aloji= WARA] AIotHFig. 2).

2. Mg A SOl WY D|Xl= B3
FAT} 2BE(UAR] vR9A0] TR S5 ok wis
of B g WP Aslel, 5 %2 A 6m

of W% 22S AHste] S8 SRS St A

Az BF oF SFS W 34.79£2.50%%

Target 5-3 Sequence NCBI accession No.
Sense GCATGGGCTATGCTACCAAGTAT
HASI Antisense AGGAGGGCGTCTCCGAGTA NM_008215
Sense GACCCTATGGTTGGAGGTGTTG
HASZ Antisense ACGCTGCTGAGGAAGGAGATC NM_008216
Sense AGACCGAGCTAGCCTTCCTAGT
HASS Antisense TAATGGCCAGATACAGCATGAG NM_008217
Sense GCGGTAACGATGGTGCTGTT
COLIAL Antisense CTTCACCCTTAGCACCAAC NM_007742
Sense
COL1A2 . ATTGTCGCCAGTGAG CTGGTCCTGCTGGT NM_007743
Antisense
Sense GCAACATGTGGAACTCTACCAGAA
TGE-81 Antisense GACGTCAAAAGACAGCCACTCA NC_000073
. Sense AGCTGCGTTTTACACCCTTT
Bractin ) tisense AAGCCATGCCAATGTTGTCT NM_007393

NCBI, National Center for Biotechnology Information; RT-PCR, reverse transcription polymerase chain reaction;
COL1A, Collagen, type I, alpha; HAS, Hyaluronan synthase; TGF, Transforming growth factor
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UEREOom, UA 100, 200 ¥ 400mg/kg 22
42.35+4.06%, 45.37+4.36%, 50.2016.46%=, G
£ 2ol iRl Hlote] f2folA o 4Ee
o] Z7sIet. S35, UA 200, 400mg/kge] 500
A= L-AAS} Hlwslo] i S5 gego] fOJ3t Ajo]
£ Holx| M%itHFig. 3).

oo

3. O COL1 & walof OjXj= Gt

UAZH i35 24 ) COL1 = wisle] ol g
< WA ¥, AR ¥ UA 100, 200 %
400mg/kg Foie] WE %2 Y COLI §F 22t
B 130.00+10.36%, 147.30+13.03%, 161.50+
14.92%2 Aeizzol vls) RoleiA 271t R

UeltthFig. 4). €3], UA 200mg/kg®] BwolA:=
L-AAS} H]isle] W5 COL1 el fofet Aol

—@— Intact vehicle control mice
—(O— L-AA100mg/kg administered mice
—l— UA 100mg/kg administered mice
—/\— UA 200mg/kg administered mice
—W— UA 400mg/kg administered mice
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Fig. 2. Body Weight Changes in ICR Mice.

The mice were orally administered with UA(100, 200 or
400mg/kg) or L-AA(100mg/kg) for 56 days. No significant
changes on the body weights and gains in UA 100, 200
and 400mg/kg or L-AA 100mg/kg groups, as compared to
vehicle control group. All animals were overnight fasted
prior to first administration and sacrifice, respectively.
Data are presented as mean®SD(n=10, significant
difference vs. vehicle control mice).
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Holz] okorom, 400mg/kg2] BEolAl= L-AA°] H]
3 frofgt TR COL1 o] 7K HERITFig.
4). £3], UA 200, 400mg/kg] olA= L-AAS} H]
wato] o COL1 Eegoll fefgt &polg HolA] 3ok
HFig. 4).

4, O hyaluronan &&F H3}0f| O|X|= F&k

UAZ} 5 22 Y hyaluronan $=F ¥3}o] tjx|&
JFE ELISA kitE AREsto] ERlsioirt. o 23,
RS et 2.5710.53ng/mlE  HEREOH,
UA 100, 200 % 400mg/kg Folze 47 Bt
3.91+0.49, 4.3140.61, 5.37+0.68ng/mlZE SH=
o] UAS] Fol7} AAthz<to] vl ffobA ojf =
A Y hyaluronan ¥ S7H171E 202 Uelgtt
(Fig. 5). 53], UA 200mg/kg® E=ollAt= L-AASt H]
st 1E hyaluronan #50l Rk XjolE HolA|
omouq 400mg/kg] ‘EToAE L-AAC] HI3) felet
1ol 3718 HeigithFig. 5).

2 hyaluronan ¥
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UA(mg/kg)

Fig. 3. Water Contents in Dorsal Back Skin

Tissues.
Dorsal back skin(6mm-diameter) was sampled at 24h after
last day of administration. Water content of dorsal back
skin was measured by using automated moisture
analyzer balance(MB23, Ohaus), and presented as a
percentage of the total weight of the dorsal back skin
tissue. Results are presented as meanSD(n=10,
significant difference vs. vehicle control mice: **p<0.01).
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Fig. 4. COL1 Contents in Dorsal Back Skin Tissues.
COL1 contents were determined by using Procollagen
type I C-peptide(PIP) EIA kit(Takara Bio.), and presented
as a percentage of vehicle control. Results are presented
as meanxSD(n=10, significant difference vs. vehicle
control mice; **p<0.01).

Skin Hyaluronan Contents(ng/ml)
F=S

Control L-AA 100 200 400

UA(mg/kg)

Fig. 5. Skin Hyaluronan Contents in Dorsal
Back Skin Tissues.

Skin hyaluronan contents were determined by ELISA

assay. Results are presented as mean=SD(significant

difference vs. vehicle control mice, n=10; **p<0.01,

significant difference vs. L-AA group; #p<0.05).

5. I|¥ ceramide & H3l0f O|X = FY

UAZ} 137 22 Y ceramide $&F 3ol njx|=

Wl ) 681 1 FAt F559 My ue B3}

FFS W Ay AHEES Bt 300.62+
23.12pg/mg protein® = UEREO™, UA 100, 200
H 400mg/kg TS A7 Bt 4255119453,
496.82+115.30, 576.824109.631g/ng protein® &
27450l UAS] o7} A ddiz=to] vlsh fofsHAl =
7 22 W ceramide IFe S7MI7Ie Zo& Lt
WehFig. 6). 591, UA 200, 400mg/kg® B=olA=
FdiEER]  L-AASH Hlwste] HE A
ceramide A H3}e] FoI%t AolE HolA] it
(Fig. 6).

800 -
*k

600 -

400 1

(vg/mg protein)

200

Skin Ceramide Contents

Control L-AA 100 200 400
UA(mglkg)
Fig. 6. Skin Ceramide Contents in Dorsal Back

Skin Tissues.
Skin ceramide contents were determined by ELISA

assay. Results are presented as mean£SD(n=10,
significant  difference vs. vehicle control mice;
**p0.01).

6. DR TGF-p1 & Hald| OjXl= g

UAZF S 22 W TGF-81 3=k wislol) mlxe
F& ELISA kitE AREso] Slsiit. A/dtiat
Hat 112.46+18.12ug/mg protein® & LERGES.
UA 100, 200 % 400mg/kg Foiwte ¥t B+t
155.46+19.98, 178.22+37.31, 222.08+50.54ug/
ng protein® & ZAEo] UAQ| Foi7h Atz
Hlg] felotAl TR 22 Y] TGF-81 T3F& S71A17]
= ZAo7 YehdtiFig. 7). €3], UA 200, 400mg/kg

) Mo of
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9} FEolAE L-AA%} H]wste] HR TGF-419] ¥
ol §relet Hotg: WolA| Yri(Eig 7).

09 "
250
200 A
150

100 1

Skin TGF-3 Contents
(ng/mg protein)

50

Control  L-AA 100 200 400

UA(mg/kg)

Fig. 7. Skin TGF-B1 Contents in Dorsal Back
Skin Tissues.

Skin TGF-B1 contents were determined by ELISA assay.

Results are presented as meanzSD(n=10, significant

difference vs. vehicle control mice; **p<0.01).

7. HAS, COLA1, TGF-812] mRNA ZoixH0|
0zl S

UAZ} hyaluronan®] &3 o9 HAS1, HAS2
2 HAS3 .n_z%x]-_,] o] u|l= PIFS realtime
RT-PCRE &3 RIsigict oF FAW HASI
mRNA e Xé*ﬂ a3t diHlste] UA 100, 200
9 400ng/kg Folatold Z7 1.38+0.15, 1.68+
0.19, 2.07+0.43¥ FelstA S7FtioH, HAS2
mRNAS] ¥&d gA] Az dj|] UA 100, 200 2
400mg/kg FolF ZZF 1.3740.16, 1.67+0.21,
2.06£0.424] folgt Z715 Hch. HAS3 mRNA %
& 9A] UA 100, 200 9 400mg/kg Fod 22 A}
i oiE] 1.3140.15, 1.55+0.21, 1.97+0.424}
o5 7kt Aoz UehdtiTable 2).

UAZF g8 23 W collagend A7 T
COL1A1} COLIA2 A0 Hdo] mlX|= F3ka
realtime RT-PCR& 53l ERlsiaitt. 1 23}, mi
%7 Y COLIA1 mRNA &2 UA 100, 200 ¥

orjﬂ

70

400mg/kg FofwtollA 27t gzt o] 1.49+
0.20, 1.77+0.21, 2.27+0.345) S-9J5HA 7151980
™, COL1A2 mRNA9] @& 9GA] UA Foit 47+ 7
AZA dib] 1.4240.21, 1.6940.20, 2.15+0.29
o f2JolAl St A oE |t Table 2).

UAZF g5 22 Y] TGF-1 mRNA #dof njx&=
g Feistoial= UA 100, 200 2 400mg/kg £

ol ZZh AR ofHl 1.50+0.23, 1.69+

0.14, 1.91+0.274) S2l5iA] Z7Kt Ao= Uehh
(Table 2).

£3], UA 200, 400mg/kg2] B=ollA Szl
L-AA%} B|15t9ke o HAS, COLIA ¥ TGF-41 &
9] mRNA Hd ®H3lo] Qlof FoRt AlolE HolA]
oo}t Table 2).

v. 1 #
Uo7t Soitte] w2t mjF= o ol oAy &R

2 W17} Slos] AmeASIAA A e, il
Ao g Ty 9 TR0 HPE el Helo] 9

2 4% 99, 3] 90F, Bt 54 B Sl
wfe} o} QolAT ZHdBo] Zilo] s A
A 8 e 0] 2 So| Lol T, 1)
S0 ofeial 3% SRS SMIC] SIS B B
5 L eolo] T ko] oloh w152 HeS Aokt

A g3oz Q8] Al AR A, ol B
s} w0 ot 877k F7Kdo] et ml, 5 )
A, B, AL g 9 TR &4 53 59 75

7 TR 71678 Agsel HEeHl = S
B2 Eeke T 71 AE AR 2o
2 ARloR T i AgHoR sy Stk
5o, Az 71N AlFe] AVRE AA AR B
miEA Sk ok, Al R dejsiEe
= RH, P o] 2R8o] glo] wRe] B 1O
I EES BESReT] AT Ao Az Al
u| A< FHAle] FAlTR= Allo] H|E] EAgAdE] T

rrlr-lo
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Hal Aoz By v Qlou dfmit} 20-30%2] Tl
7L HrIAREE Aoz A, shgdoz A
7} Hat Qlo] FEAe] et Z-g9o] gEY,
mEby 2 Atoils EARSEEUAS ol8st
i 7|5 WS gt AAE 71 7154 AR A
EA9] 7Fs/dE Bkt sl

AR TRe] ZHESE FACRE 10-20% =Y
TS TROIL Qlo], wFo] AEet @S Aot
5ol Y(desquamation) T ©R3H 7R
A7} A5 71sotes gt Ty R ol
BT ololz AAT 739 flek &2 549 7159
AR QI3f ZHEA|R7E wjFo] SAE o] njETE AR
st} AZojX| 1L YIAR= 59 Bl Halrh i
Aot Eok. Gl BgE, R 55 E AN
A FE AREOE QI 0] SARRE mEES
2o Qe HEd wEph Fesi
hyaluronan &54 TEALZ QAA A= A4t o}
o] mjFof EAfste] WF FO| FhS FEOE RO
A DR SRS GXsl=d sofRi}d. Az
hyaluronan®] A3= &= 24439 +82 S7HK71
E Aoz Bug v ot B qdqojx] UAS] AT
Fol7} oji Bsof ujzl= G3HE WS 23t UAY]

= Fof 5%=(100, 200 E 400mg/kg)olA A/l
HIgl| FofRt w7 o] S7HE ERlsivith &
St UAE 312 2Z U] hyaluronan®] Hdg {25t
Al Z7HA7.2, HAS1, HAS2, HAS39] mRNAS] ¥
@ A fotA S7HAIFTE HAS1Z HAS2E & &
A19] hyaluronan?| ¥/3Z, HAS3= & © 22 &4}
3719] hyaluronan®] g4& E9sl= 202 dA
EHS. waba UAQ] T B Fil= HAS R34
Bhy 20| o3t mH %2 Y hyaluronan®] $7°f
7IQ1%E Ao g Azt

elastin® TS YRS HES}] mF 2Fd50] 4
A 715 73l A 94 Fa3°. UA9 £
2 m% 23 Y COLIAl, COLIA2 mRNA ¥
collagen®] Hdo| FololA S7RRE & A9 k=
TR PR EAHY A 9 F5 FA A == &
T Sk I 7154 22X UAY i 7=
AR EZE UAe T3 22 Y ceramide?] ¥
= Ot STl A o= TEEI ceramide
£ PSS Hoke 78 A& 5 shield, oj& &
9 7|5 9 g7 BHof| 583 S "ok A
2, olEy nEHok= ceramide?] A7 A 0]
Y= Aoz A . Uas TR zF
ceramide®] e S7HAA o7 AH9| 7l5S A5}
sfo] w8 EAZ HRGRo g4 o 247 §4
St 222 £ 4 Yg AoE AdEn
TGE-p= AZ71d 44 849 HdS 245k=
oRlZ, A-GotHE(fibroblast)E AF=519] collagen,
elastin, hyaluronan & $Agto =24 132 As)d
24, & B oR AR, A SE 2] o
s Aoz A YPP. web TGF-g A5
et 24 0Fo A7E fAlsket Zdolet
4= Qltk 2 A0 Ao wWEH UAS| Folof 9f
8 =R 22 W TGF-p19] mRNA 3 Tl gigko]
oA 7Fske A& YEHTE TGF-A& Aot
AZAA collagen E hyaluronan®] /3 Z7H417]
L Aoz deA Y. TGF-p1:= Amjet #ujojA
HAS1} HAS29) RAIAKE AFsdo® 2859, 4
AR keZE AdRobIRollk= HAS27t hyaluronan
9] $oll FH AL Sl Ao A AP, 1
F7h AJA0] leE=H w5 o2 HAS2 74
A7} 2451l olof] Wt hyaluronan®] 9ol A€
o). 2hH, TGF-A7} HAS1 mRNA9] ¥ Z714]
7131 HAS3 mRNAQ] &2 JAAXItk= Hav} QL
o], mRoJA HASY] isoformo] Wt 7fEA g o=
Al 289 7154d0] AP, B Ao e UAY
o5 & W collagen, hyaluronan® $7} 8=
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