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Abstract: Just like UV radiation, heat increases collagen degradation and accumulation of abnormal elastin fiber and
this is termed thermal skin aging. Dunaliella salina (DS), a green alga, is known for its beta-carotene accumulation,
having various applications in the health and nutritional products. However, the effects of DS on heat-induced skin aging
remain unexplored. In this study, we performed anti-thermal aging tests of the ethanol extract of DS (DSE). We meas-
ured the cellular levels of type I procollagen and MMP-1 using ELISA in human dermal fibroblast cells after heat shock.
DSE reduced the expression of MMP-1 protein and increased the expression of type I procollagen. In addition, DSE
upregulated the mRNA expression of HSP47 reduced by heat shock, which is involved in collagen synthesis. Also, DSE
reduced the expression of inflammation mediator (TGF- 3, IL-12, etc). We demonstrate that DSE regulates the heat-in-
duced solar elastosis through the regulation of tropoelastin and fibrillin-1, two major proteins of elastic fibers, and
MMP-12 expression. These results suggest that DSE may be effective for preventing thermally induced skin aging.
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luekin-12 (IL-12), transforming growth factor- 3 (TGF-
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Fuelde el $5%

2. M=z A HiH

2.1, FHz|det M|l F&ES M=

B Aol AMgH g deE} Aus seeAz
Tl Al Eeftol ARESHAT FEEldet At
30 goll 70% o€k 600 mLS &3 &, e 2710
Al 3 h B¢ FEIU o] F, AxH FEFES A
st dojzl NS ZjbES7]E o83t &E A
A% F FAAZE 1.87 g9 AEE FEINOH,
o] Butg —20 C WEaro] Rastda Ao A
st s2dzEE2 AP Al dimetyl sulfoxide

(DMSO, Sigma, USA)°ll 83lA1Z1 & AR8-3FS1Th.

2.2, M=EZ 2 M|ZZHHQE

M E= 3322 & A A 3 (human epidermal keratino-
cytes)T%] HaCaT¥} 3] 5-/d-f-olM Z(human dermal fi-
broblasts, HDF)E ©]83}%t}h. HaCaT> Cell Line
Service (CLS, Germany)ollA T913}$3. 2., HDF+= Al
FZ o] 2(Cell Engineering for Origin (CEFO), Korea)Z
FE FYsted AHESIA T g MZE DMEM Hj
Aol 10% fetal bovine serum (FBS, Hyclone Lab., USA),
1% penicillin/streptomycin (Hyclone Lab., USA)<= %7}
3te] 37 C, 5% CO, Z13}ol| Al wjkste] Aol o] &
SHA T

2.3 M=z=Y4 =3
96-well plate®l] HaCaT-2 1 x 10* cells/well 9] &=

HEF39 o1, HDFE= 5 x 10° cells/well®] 552 HF
It F AlEF =¥ 24 h 3ol FBSE H71ekA &
L A E wEg & FEES X5k 24 h 8t
STk o] %) 0.5 ug/mL F=2] MTT (Sigma, USA) &
W 20 uLS ZH7Fe] wellell A7Fskal 4 h &< 24 sgh
- isopropanol (Merck, Millipore, Germany)©l] 83|35}
540 nmolA B EE A3 Th

24. 8 1= 2 A=K

60 mm Z#°]Eol HaCaT-S 8 x 10° cells/well 2] &
T2 HEN oW, HDFE 5 x 10° cells/well®] 5%
HAEsATh @ A Ao vjekulA] AA ¥ FBSE
7VatAl & wiA7E EoidE AdECIA FEOIEE
parafilms ©]-83+ sealingsl| =t} ©]% 37 C ¥ 42

% Awst A &zt 59

T, 44 CollA €& 7Fell Ut} HaCaT® 7%, 44 C
oA 15 min &<t A& Y5 .o™, HDFL| 7
42 TellA 30 min 3+ A& Pt 1 &
FBSE H7}8HA] ¥ w0 FZES 34t Az
Sk % 24 h 7} wlFstATHT]

25, 24 HHE 2EMH(Enzyme—link Immunosorbent
Assay, ELISA)

60 mm Z&| ] Eol] HaCaT-> 8 x 10° cells/wellS] &
T2 HEsIY oM, HDFE 5 x 10° cells/well®] T52
HESATE G5 7k Al xo FEFES FBS7| M7=
A ¢k wjA|o EAg F 24 h Bt FIHE)SSIA T
Hj ko]l it v A9 4T Y-S o83t EAHAEH
H-& MMP-1 ELISA kit (Abnova, Taiwan), type I prcol-
lagen EIA kit (Takara, Japan), IL-6 ELISA kit (R&D sys-
tem, USA), IL-12 ELISA kit (R&D system, USA)E ©]-&
sted Aldgt &, 450 nmollA SA AT MMP-13}
type 1 procollagen'd?d 2421 HDFE ©]-&38}3 oH,
IL-6, IL-12 &&L& HaCaT-S ©]&3l F2l3tsitth

2.6. RT-PCR

HaCaT2 60 mm Z# °]E] 8 x 10° cells/well <
FTEE HITEHH O & & JHsliE v FBSUE
A7 A o8& v Ao 343 24 h B F7F H)
F3ATE Total RNAE FE317] 913l ZF welldl
TRIzol reagent (Ambion, USA) 1 mLE H7}3laL 5
min F HR| e MEE EHAAT L F chloro-
form 200 uLE %7138k 12,000 rpmol A 15 min &<t
A AT F5dS Hst MEE bedl &
I 22 9] isopropanolS 7S & 10 min It A3

N

of W38tttk 7L & 12,000 rpmoll Al 10 min YA

1

2J3to] RNAS AT 75% ol&aS ©]&3F
7,500 rpmoll Al 5 min It YRSt Al H 5k
7] FA AZAIZ] 3 nuclease-free waters ©] &
o] =R Tk UV-spectrophotometer (Biochrom, USA)
o]-§-8}o] RNAE A TFst L First Strand cDNA
synthesis kit (Thermo Scientific, USA)E ©]-83}¢
cDNAE T3t H Tt &4 cDNAE EmeraldAmp GT
PCR Master Mix (Takara, Japan)} Zg}o|H & ©]-&3}
o BAFHAAE SEIANAT 202 95 T 5
min ¥F-& 394 C 30, 62 C 30, 72 T 40 s& 30

dt O ol 8 FE fo N

J. Soc. Cosmet. Sci. Korea, Vol. 42, No. 1, 2016



60 FAE - AAE - %
3] HkEsle] SFZAZATH ZF PCR AHES 1.5 ~ 2%
o722 Ao 293t 100 V 24 20 min 5
QF A9 5S Bt BT SE8la A s

FTRAAZS] primer F714 <9 E}ﬁﬂr ot
TGF- 8 (Forword: 5>~ ACCTGCCACAGATCCCCTAT-3’,
Reverse: 5’-AACACGGGTTCAGGTA-3’),
HSP47 (Forword: 5°-TCGTCTCGACTCCTGGGAATG-3’,
Reverse: 5’-ACATGGCGTTGACTAGCAGG-3’).

2.7. Western Blot

HaCaT-& 60 mm Zd 0| Eol 8 x 10° cells/well®] &
2 FFeAtk O § €& 7Kl v FBS7F A7t
HA] eF& Aol A EE 3|A3 F 24 h B F71 i
st vt HIEZE 3157519 radioimmuno-precipitation
assay buffer (RIPA buffer; Thermo Scientific, USA)E ©]
f-5}o] Tl =S 3=ZE3}37 bicinchoninic acid (BCA) as-
say©ll w2k &3 & sodiumdodecylsulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) 3t #2]stth W71
5 & E-S gelol| A polyvinylidene difluoride (PVDF)
90 2 transfer $F F], COX-2 (Santacruz, USA), goat an-
ti-rabbit IgG-HRP (Santacruz, USA) &A1& 235t €}
A dids FXxsta & st

2.8. SAXE

BE TAEAL rtestE A3t pvalues 7313
o, p <0053 A * p <0019 HF =2 Fo4
o] ATk FA|SAT

3. A2t & nF
31 Fee(dt A2l 522 ME=sd

e} Ay FEE NESAS A5 ¢

‘6H/\'] MTT assay S E3l SJA3FHTE 1 A3 200 pug/mL

011/‘1 oF7e] A =40 ERIEANeH, ojHT} vt

< FEAAE AlZE4S YRR g AL F2lska

1Zl(Flgure 1). o] A= F A|Zol|A BT FAsHA e

Wk o]% A¥e 50 ~ 100 ugml FE2 FYSHAT

3.2. MMPES 2A4x| 2! Type | Procollagen MM gl= 4t
ol 93] AslE= MMP o C‘/‘F/l Azt

AP F580] T GTe By ), DL A A

aabEsks| A, Al 428 Al 1 &, 2016
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Figure 1. Cytotoxic effect of Dunaliella salina extract (DSE)
on HaCaT (A) and HDF (B) by MTT assay. After HaCaT
and HDF cells were treated with various concentration of
DSE for 24 h, the MTT assay was performed. Data are
shown as a percentage of control from the three independent
experiments in triplicate and values represent as the mean =+
SD. "p < 0.05 ,"p < 0.01 compared with the control.

frofAlaze] FdEldet Ay FEES A S
MMP-19] o g+ dd g 5;‘401'9&‘:} 383 €5 F
S uf MMP-19] &d S7HE ERlska, Fddi=x=
¢! epigallocatechin gallate (EGCG)®l ]3] 1 W& o]

g AL gt ey det Ay FEE
73%- 50 ~ 100 ug/mL F=NA Lol 23 MMP-1 &
7+ JAAZE &5 THFigure 2A). °l& EGCG
o} vl=g FEo 2 THAEIGT

=22 type I procollagen®] I EHE Yolr7|

st & 7HE Aok Faedet Ay F
23S #8381 type 1 procollagen®l] Tt AdFS =

:L

AstAth 1 A3 & F99E W type 1 procollagen]
1y s 918190, BFAHET 2 epidemal growth

factor (EGF)°ll 23l 1 & o] Z71ek A& 511'016‘]-9}1:}
e de} dev ZZ“A 74%-50 ~ 100 ug/mL &
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Figure 2. Effect of DSE on expression of MMP-1 (A), type I
procollagen (B) and HSP47 (C). HDF cells were incubated
with 50 ~ 100 ug/mL of DSE for 24 h. MMP-1 (A) and
type 1 procollagen (B) contents were measured by absorbance
values at the wavelength 450 nm. EGCG (50 uM) and EGF
(20 ng/mL) was used as a positive control. (C) Total RNA
was extracted from cells and was subjected to RT-PCR with
primer against HSP47. The relative mRNA intensity was
normalized by [S-actin signal. Data are shown as a
percentage of control from the three independent experiments
in tn'plicate and values represent as the mean = SD. p <

0.05 ,"p < 0.01 compared with the heat-treated control group.

% Az} oA Fat 61
A5 EGFS} ¥l
TEOE FITMRE FR13tH th(Figure 2B).

Heat shock protein 47 (HSP47)-2 S2hl-Eo]d B4}
AFH| E(collgen-specific molecular chaperone) > 24 =&}
A FA ol dAste 454 dEE dEA 3
o). o] HSP47& oMl @A Y F triple-helix pro-
collagen®] ¥(folding)}t HAZE Zofbv 9T
Stk B v vl QITH17,18]. o]l Figure 2ColA = F
G| de} Ay FEF50] HSP47 Ld o vX&= 93F
< olRUTh EE T Ao el e de} 4
it FEES AE]ste] HSP47 LA WskE ERIsHA
E‘r 1 A3, el ofs HSP479] o)
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3.3. GBSHAO|EFIQ! Y SSOHZHQIXE Ldd AX| St

ol &gt MMPE] Wil FFFS = AoE 4
A Q= 1L-6, IL-12, TGF- 3, COX-2°1 thsi[7] <&
de} AeEue] 2H8HE Hrtehr] S8 E= ke
A g gMzol FEgdet Ay FEES Agst
o IL-6, IL-12, TGF- 8, COX-2°l th3F waaks =4
SFTE WA, ELISAS S3) IL-6, IL-12 TS <l
E Az doll os) IL-6, IL-12 Lo =713 AL

RIS T AN om, FNET O = AR dexamethasone
(Dex)ollA] Goll oJall S71e 1L-6, IL-12 W& o] 7143k 4
S IRIT F Yk FEY L} Ay FEES B
Aol oJall Z71 IL6, IL-12 HHS 7haA7)= S 3R]
S CH(Figure 3A, B).

w3 e de} Ay FEE0] TGE- 413121 2ol
mX)= PIS Lopir] 93] RT-PCRE 4343199k 1 2
3}, T} Ay FEE0] doll 98l Z7HE TGF- 3
S A7 E 2s ERIE = AT Figure 30).

o2 Gol ofal EdslEe= ASiZNJAR] COX-2
o] thilzl kg sl Fue|de} Ay FEE0] vl
= 9GS western blot-= T3l FRISIATE I A3 Gojl 9
6H Z71e 00x-29] v Wdlo] Fde|de} Ay &
ol ol g As GR1E 4 UK Figure 3D).

4. YERINRS O &5
Fwste) EAQ) Ao YA 9 ABY
ARFE A3 FE MAPA mue] AR
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Figure 3. Inhibitory effect of DSE on inflammation in HaCaT. HaCaT cells were incubated with 50 ~ 100 ug/mL of DSE for
24 h. IL-6 (A) and IL-12 (B) contents were measured by absorbance values at the wavelength 450 nm. (C) Total RNA was
extracted from cells and was subjected to RT-PCR with primer against TGF-/. The relative mRNA intensity was normalized
by pB-actin signal. (D) Total protein was extracted from cells and was subjected to Westen blotting with antibody against
COX-2. The relative protein intensity was normalized by actin signal. Data are shown as a percentage of control from the three

independent experiments in triplicate and values represent as the mean + S.D. p < 0.05

heat-treated control group.
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ol HA = TS dolry] 9814 RT-PCRES 53
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Figure 4. Regulatory effect of DSE on solar elastosis in HDF.
HDF cells were incubated with 50 ~ 100 ug/mL of DSE for
24 h. Total RNA was extracted from cells and was subjected
to RT-PCR with primer against tropoelastin, fibrillin-1 and
MMP-12. The relative mRNA intensity was normalized by /3
-actin signal. Data are shown as a percentage of control from
the three independent experiments in triplicate and values
represent as the mean £ SD. p < 005 , "p < 001
compared with the heat-treated control group.
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