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2 OF MR PFe Fu, w5 wuk ol e olEel B AHOR WHT 4 o] o]F TAskE Ao] &
Z 935ttt B2 Ao Ae FL A4 d5S -3 Aoz ¢ A specialized pro—resolving mediators
(SPMs) 9] in vitro T3 3FF HE 7tedE sttt tHFY lipoxygenaseE ©]-&3}%] mono Ei=
di—hydroxy docosahexaenoic acid’} &35 A& S—-SPMsE& Xﬂﬂ'ﬁ}"“‘i A5 Hrt| o]&3t¥tt WA, UVBZ
HE= FEq MEZo|A TNF-a2} IL-69] W& o] S—SPMsoll &Js] #raxstar, nlAHA|of &8 =5 nitric
oxide (NO)2] ;A HA] HAasdt= AL 3H2lste] S-SPMs?] 3+ E“% golsl it ®3F, S—-SPMs= * 2|3t
Z 7oA malondialdehyde (MDA) AjAdo] Zh4s ]—03] A A AL A A Ho] YL FQI59 11 S—-SPMso]| 2]3F
matrix metalloproteinase—1 (MMP—1)9] ¥4 7F2A | procollagen type 19] 3+ $71E5 3| collagen £3|&
AAsl w2 AL TS sttt O 2 filaggrind loricrin®] W& o] S-SPMsof 98 5713t
A% gelsiel 1% B G A8 AU, 7 AIE RAZ SSpuse AL B3 oAk P Y
Sm, 2EAAA 9 4 2 AT 242 B8 PSS st

Abstract: It is very important to control the inflammation of the skin because it can develop into diseases such as atopy
as well as scarring and aging. In this work, we recently identified the in vitro synthesis of specialized pro-resolving mediators
(SPMs) known to control inflammation in the human body and the applicability of cosmetics. Using recombinant protein
of lipoxygenase from Glycine max, we succeeded to prepare mixtures of mono- or di-hydroxy DHA named as S-SPMs
and used them for in vitro efficacy test. To investigate anti-inflammatory effect of S-SPMs, mRNA level of TNF-o and
IL-6 were analyzed. Under UVB exposed condition, expression of both were decreased by S-SPMs treatment. And we observed
reduced production of nitric oxide (NO) by S-SPMs application under the condition with diesel particulate matter (DPM).
At the same experimental condition, malondialdehyde (MDA) production was decreased by S-SPMs, indicating the inhibitory
effect of S-SPMs in lipid peroxidation. In addition, S-SPMs treatment resulted in reduction of matrix metalloproteinases-1
(MMP-1) expression and elevation of procollagen type I synthesis. Together with this, mRNA level of filaggrin and loricrin
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were increased by S-SPMs, indicating enhancement of skin barrier function. These results demonstrate that S-SPMs is
a good candidate to develop as a cosmetic ingredient for anti-inflammation, anti-wrinkle, and improvement of skin barrier
function.

Keywords: specialized pro-resolving mediators, lipoxygenase, anti-inflammation, anti-wrinkle, skin barrier
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(Figure 1)[1,2].

FFolek A 2]o] Hehht, LHd W 224 A=t 7= A S SuRaL Qs 7IEe R 2
22 ookt o Al=o2 Y &4 A4S 385kl oA, stekEd, nAEAer 22 e dEd T TRk &
MRS AASE] f13F A Hof 71-olek 9F9] 3 ol ZFAUjlo] eEEo] glon ol=RE {fHEE= dF
Qo] ZztHog wReslo] Uehbs 34 F2NENacute H= 23] sfjash= Zlol e Fasith wFoA <
inflammation)2- F% 2 Q] 5= siESH Fol WE & FSHRE 1 AR Bv= Ao] ot dF k3t
L2 3fj4: (resolution)El $ 3}d(homeostasis)yS -A[5k= (inflammaging) 2h= 7 =315 Zefdiths A Aot
ko = XIgfwofof sh=tl] 13PA| Z3t A9 g, oL Q). AR}t 22 Aol Qg Al AE
e, HA 5 ok v ¥5(chronic inflammation) lae XA ISl S8 AIEE SolA Hol d5Ht
dekoz AEA Hoi12]. 34 95 vke-S cytokine, & Bkl cytokine, THAAZo]| o8] ZXI%E matrix
prostaglandin, leukotrien S} Z-2 = E2E9] Qg A metalloproteinases (MMPs)2] F-H]|+= collagen} extra cellular
Ael= Aom dHA qlom olF JAlsk: AT BEE matrix (BCM)y& w8A1A A= 2SS &dA171HA
o] 7ide=]oiglct. 2T HSEAIAL (specialized pro-resolving 5 291 7IESE AIRIE3]. o) B o} v
mediators: SPMs)2}al sh= A& w77} A5 sfiax 2t T Agtor & dujrl ofEuld RO A, 49 d

Aol =] 5ol HEA M2 Fas 4= & = A Holdlr) webA wjRofa HESRkeS AT
Alo] zolx]aL ek SPMs2 w6 A[RPAR] arachidonic U B 1 ou7h At wjFofx] SPMso] thgh
acid (AA)ZHE FefiE lipoxin, 123l o3 A4 A= ARl wE 9HgESR] ofEulo] sl
eicosapentaenoic acid (EPA)2} docosahexaenoic acid (DHA)Z= 2,4-dinitrofluorobenzene (DNFB) 2 -§-=3F Fo] 1k A
HE|l S2% resolvin, protecting maresin 50| THEZ o] (skin lesion)©] resolvin E12] 2|2 ZAshH o]Ao| IL4
cyclooxygenase (COX), lipoxygenase (LOX), cytochrome P450 I+ IFN-vO] W 7Hase} AZd=o] Qiokes At o
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Specialized Pro-resolving Mediators (SPM)

Figure 1. Control of inflammatory response and kinds of specialized pro-resolving mediators (SPMs). Inflammation includes acute
inflammation, resolution and homeostasis. During the resolution stage, poly unsaturated fatty acids such as arachidonic acid,
eicosapentaenoic acid and docosahexaenoic acid are used as precursors to produce SPMs by three different enzymes including
cyclooxygenase, lipoxygenase, and cytochrome p450.
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2. A= 2w

21, DHA X9 M=
211 KX ME Y I 22

DHA =4 A4k 917t lipoxygenase (LOX) -F04k=
N Ghreine max) 212 -3-21*KGenbank accession number:
AAA96817.1)01H soybeanoflA] FE=UTR= 2Jw]oflA] sLOX
o ste] Agstalch fAAe) gL RS olg
3 T wo] AgR LECR AWl TAISIAT
(Bioneer, Korea), sSLOX 3RS FHo 7 =3 G4 A4
Hk-3{polymerase chain reaction, PCRy 25I3ick. 59t
A4 BioneerAl2] Top DNA polymerase (Accupower PCR
premix)5 ARESIACH Table 10f 7% Zejo|HE 3
7}5ke] 94 “C 5 min, [94 C 30's, 61 C 30s, 72 C 2 min]
X 20 3], 72 C 5 min PCRE 3Y5}0] Z=Z3}9t} 1.5%
op7l== Aofl PR 4hag A7 sto] gRlsialom,
QlAquick gel extraction kit (Qiagen, Germany)Z ©]-85}o]
sag fHAE YAt 22E fude g
1512 913 ZefAm|= pET-28a(+) (Novagen, USA)E A
F &4 Ndel} Xhol (New England Biolabs, USA)2 ©]-&
Jo] Acksiglon], T4 DNA ligase (Takara, USA)S o|-&

o

ofs

Table 1. Primers and Their Sequence Used in This Study

Primer Sequence (5’to 3’)

sLOX-F CATATGATGTTTGGCATCTTCGACAAGG

sLOX-R CTCGAGTTAGATAGAGATACTGTTCGGGATCCCC

TNFo-F CATTCTGGGAGGGGTCTTCC

TNFo-R GGTTGAGGGTGTCTGAAGGA

IL-6-F ATGAACTCCTTCTCCACAAGCGC

IL-6-R GAAGAGCCCTCAGGCTGGACTG
Filaggrin-F AGTGCACTCAGGGGGCTCACA
Filaggrin-R CCGGCTTGGCCGTAATGTGT
Loricrin-F CACTGGGGTTGGGAGGTAGT
Loricrin-R GCTCTCATGATGCTACCCGA

slo] HElelelch Belkanlmo] ARIE SR Age
DNA sequencing #4253l Agoll @77 gla =<l
5}Ac](Solgent, Korea).

2.1.2. LOX TR drot 5 x|
SLOX 72} A o] AFQlE pET-28a(H)E o183te] T

oAl SF=(OD. 600 nm) gro] 2.00] =g wi7hz] 37
CollA] uljekst 5 500 mLe] LB wiz|o]] Al stk ek
Hol Fag= gro] oF 0.60] ELS uf isopropyl-1-thiol-3
D-glactopyranoside (IPTG)S 1 mMo] HE= 713}l 20
CE W& uijef 2HollA o] draS REstylo
H, 4% ko] 2.5 - 3.00 =EE fi7kx] A viosiel
o} o] digo] b P A A= 4,000 rpm
©F 10 min 7t Y4 EEjato] vl o 2 xE] Fe|E9]
om A|Z] T Zho] 10.00] FHE= 50 mM sodium
phosphate (pH 7.0) $+5-S 78t @et sioick =23t
EA7)(Sonics 700W, Sonics, USA)S o]&3]] AZE TR
3k 3 13,000 pm & 30 min 7+ YAEE|Ele] Al 2]
& AAsKE GFde] 88 EHoldls wEe
SDS-PAGE 5412 E3) 39l a191om, sLOX 49| d
& EAFF OF 96.9 kDad] 9]z|of|lA FSlgh WA P &
ol dk%ick @ H JAE= NieNTA ZF(HisTrap, GE
Healthcare, USAYS o8¢t &2} AZntE1oE F9
] 9 A= o Fa4 v $fell AR SIrk

2.1.3. DHA SEAIC] M= 2 22|

50 mM sodium phosphate buffer (pH 7.0)o 100 (M
DHAS} A &4 sLOX (10 KUmL)E F71sto] A&oflA
30 min %+ 9 SHTE 2F 571 20 mMo| H=E 1
M2] A3 AU} E S(sodium borohydride)S HRS-oHol A
7¥sto] ¥k AR 15 min 59t XX F, 5 (/mLe]
OMHEARS H7Isto] W2 TRAIZCE AV 7HESA]
(SPE, C18 500 mg)E o]-83}o] Whg- ARE2 AASH 7, &
¥ high performance liquid chromatography (HPLC) & ©]&
slof A7) kg AV Ule] SiakEe] £RE Esleick
A}7] 44 HPLC E42 supelcosil LC-Diol 2% (Supelco,
25 cm X 3 mm, 5 um)of|, 95% n-Ek 5% o|AZZIS,
0.1% OM|EAL 0.1% 22-T{H|EA|Z27O 8 LAH olF
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A 5 05 mUmin®] 452, 40 min 59F 20 mL 27
5o, diode array detector (DAD)S ©]-851¢] 237 nm,
242 nm, 270 nm oA ¥ ARE 9] SRIES FFHo
2 AEsl= oz $3E]ick

22 M= HiY H =5 =2l
2.21. A2 =

7+ B dimethyl sulfoxide (DMSO)E o]83}o] 23]
AlZl 5 AR s R AlEsto] 2t Alazol A2fste] %1
3Ysleic). w|AHA|(diesel particulate matter)= ]S IE
7|4 (national institute of standards and technology,
NIST; Gaithersburg, USA)ol|A] -dsted ARg-51Sct

222, YE M

A =2 AEe Sisle] 27k Zbaa A Ehuman
keratinocytes; HaCaT cells)S 48 well plate 4 X 10* 7f/well
B HS5RL 5% COy, 37 CoflA] 24 h 53 v 3, Hl
A& A|A 3k DMEM serum free media® 7|0} AME]E 24
h 9k GAIBIIT, 1 % S-SPMs S serumo] R w4
of ZkzF 0.001, 0.01, 0.1, 1, 5 ¥ 10 ppm2] === =25}
of A22] AYEE(cell viabilityye SISk A2 =4
W} AT g% T SRS gl AHsES At
) Gslech Be% ARE S ZRBNES A
i 54 AP 2 2HoA] vk $ DMEM serum
free media= 7]o} AES 24 h =21 8-X3}19ck Tumor
necrosis factor (TNF)-a F+= IL (interleukin}-6 3 SRS
O15) HJR= 250 £1.2] DPBS (Gibco, USA)Z. 35} 20
ml/en’e] UVBE 2A} 3 S-SPMsS *]2]3le] 24 h S0t
wopstich. 71 B SESH AlES RNAS FE5l0] Table
lo] 7|x=% primerE ©]-85to] RT-PCRE Z5I3ct 5
Z5 FA4A= gel documentation system (Gel Doc EZ
system, Bio-Rad, USA)Z ©]-83to] &A8I800E o 2=
AefsA] o= A5 &4 dEteR, 2eal 10 M
hydrocortisones A2t 95 A txdom 5o
S-SPMs o] AVRE 21K

2.2.3. Nitric Oxide AMZF O]

Q17 ZPAF AN E(HaCaT cells)S = 24 well plateo]] 8
X 10" Zwell2 ¥ 3+ 3 200 wg/ml HEZ TlA|HA|
£ Agjslal S-SPMs2 212} 0.1, 1, 2, 5 ppm&] === *
eIt ke 24 h B2k sesiet. ol AT Hjok A5
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100 (L 9} griess reagent system (Invitrogen, G-7921, USA)
= ARESB1OT 10 min -5%F 4204 HESAIZ] $- 540 nmo]|
X FUES 2geoch AmRRE A4 i oxide
(NO)2] k& sodium nitrite (NaNO,)2] 5= FEZEIAS
o}sjo] Hjerle] NO g Atk ol ol A
T APehA] o2 AE 24 tixdte®, 19al 10 M
hydrocortisone™} 500 ppm2] vitamin CE *|2]3t H-E oF
d t2wto 2 sho] S-SPMse| avtE SRIsI3IT:

224, X|HueE MEZF =0l

Rt 2P M| EHaCaT cells)E HIURE Tha mARARE:
Aefskal S-SPMs= 217} 0.1, 1, 2, 5 ppme] == A2t
U 24 h 52t wleksisict AldailekE(malondialdehyde,
MDA) =42 9Js}] 1X butylated hydroxyanisole (BHT)7} 3£
3=l phosphate-buffered saline (PBS)ol] A22E HO31
sonication/homogenization © 2 cell-2- 143t T}, YAE
slo] Ak=ole FREIGICE AFZoT} thiobarbituric acid
(TBAYZ Wk A]7] WhSo}xl MDATBA adducto]l Tt &
F=E 540 nmof|A S5 Alsz=RE A4dE MDA
o FE F=E HETAS olgste] mlw/ERIsIct
(DoGenbio, DG-TBA200, Korea).

2.2.5. MMP—1 Hi5i2F Sfol
017k Al-8obA 3 (human dermal fibroblast)Z 48 well plate
ol 4 x 10" 7well 2 wjet 5 24 h F9F wiokslc) vl
A2 AA T AES 7ok A 24 h SAFE T 250 4L
/well®] DPBS (WelGENE, Korea)Z w2513l 100 ml/cm@]
S ZABIICE S-SPMs®] dat gRels 1 DMEM
(2% FBS)Z o]8sto] A w2 345 S-SPMs= A
slo] 48 h wjesioich wiE AlEEe] vixlE A F
human total MMP-1 ELISA kit (R&D systems, USA) S A&
5} matrix metalloproteinases-1 (MMP-1) &2 =45Fch
ojuf, ol Ak ATelA| k2 ALE 24 HETECE,
20 (M9] retinoic acidS A3t HALE A UFLo=E
Ahaheict

2.2.6. Procollagen Type | s &I}

Procollagen type T &% H71517] $1a)l AMegl Al
T F Aot o] media 106 vl HIAE o83}
o] 48 well plateo] 4 X 10* 7lwell2 vkt & 24 h Sk
sleslick 7 %, AI=S 7lok A= 24 h {3
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DHA #5412 |87 39, dwsl, 934 258 34F 98 A 69
SSPMsS Z12F 001, 0.1 2 1 ppmo] & W iqzqs}oq DHA S5 SIS o3 ATroz AN A8 Bale

24 h ot ujekslaich viord Ajzo] HiR|ES A5}
procollagen type I c-peptide (PIP) EIA kit (Takara, Japan)%
ARE-3}o] procollagen type 1 92 =731t oju, o}
A APehA] > A5 &4 dxzdes, 50 M
retinyl palmitate2 23t 7 OF | xTo = ARE

=
T= O
Ao =
o=

M
o
et HEE A U SklE
AAMIZE 2220 71sE At Zo] iy
S 290 o18310] S|4E SSPMsS I}
2 QI7k ZPRAAIES] 1 h B X 3wk 5
—%%3}04 Table 1°ﬂ 7Ied primerE ©]851
AR = gel documentation

|

=)

ol

o]c—;;].o:l

b4

3.1. XiEE Lipoxygenasel| 23 2l S—SPMs2| &M

QI7He] Follk] d=l= DHA -=A4|2] @2 f1aliA <!
Y Homo sapiens)2) lipoxyganase (LOX) 3 F(accession number:
AAA36183.1, AAAS51533.1, AAA36182.1)2} cyclooxygenase
(COX) 13(accession number: AAA35803.1), 12|21 G
max)2] LOX 9 Z(Accession number: AAA33986.1, AAA33987.1,
CAA30016.1, CAA39604.1, BAA03101.1, AAA96R17.1, AACA9159.1,
ABS32275.1, ABS32276.1)% Z}z} o g wlE]o)
252y sto] chld WEds sRlskiick B9 LOX+=

Hlelo 2 Aeiw|orh56]. Q7oA SafEl 4 2o] 9%}
= PRl ] o] =X elolek e i 9 5o
LOX &4 ZAE ERIgH 7%} CAA39604.10] 71 &2
84 YL Holke AL Folste] sLOXEF sk 1
o0]59] AFof ARSI IPTGE A2 %3t sLOX
chaAlo] giAlte] 78] B4 96.8 kDal] ke =
7|2 dhgo] Tl A2 3lolslel i akst iRkt 7k

A HHo 53 Jaule IS E3g sLOX Thzo]
ek 7“Xﬂe A T fa HkSol| AMEEl%IT(Figure

2A). SPMs®] A el ZdE7<l 100 ;M DHAS &
2l sLOXe} ’HheAI7] & 2] A si9lE o 3 R
mono 1= di-hydroxy DHA?QI 17S-hydroxyDHA, 7S, 17S-
dihydroxyDHA (Resolvin D5) % 10S, 17S-dihydroxy DHA
(Protectin DX)2] B3MHE-2 sl0lgk 4= ¢lglom Fheke 7}
7} 1.03 mg, 243 mg, 0.66 mg & o] H}2-0] SPMs &3

(S-SPMs)Z -5 Aol A3t (Figure 2B).

l:l

39S 2

*é li@r AobAlEze] gk
6}Mu} S-SPMs& == 0.001,
001, 0,1, 1 & 5 ppmO2 ZH|3l] sl At =
= FEoA 90% o] Al e UrEMM o] &=
T7HA fs AP AdPEIAc) o H2 52] S-SPMs
o] ME =4 ERIa] HOH ARG ES 10
ppme] S-SPMsS Z|2|5lAS w 95.1%2] AHE WELS
glelsto] 10 ppm7IA|= *ﬂi =40] gles RISt

A B DHA & C
C

o M 1 2 3 4 lsLOX &
250 Content (mg) Ratio (%)
150 175-H(p)DHA —> | 175-HDHA
100 S8 17 S-HOHA 1.03 25.06
= 1 e o N
g .'_.' 75,175-diH(p) DHA 105,175-diH(p) DHA 78,175 DiHDHA 2.43 59.04
- .? i l reduction l DHJOd.Sr‘.;XY%DHA 0.66 15.98

—— 75,175-diHDHA 105,175-diHDHA yaroxy

— S (Resolvin D5) (PDX)

Figure 2. In vitro production of SPMs from docosahexaenoic acid (DHA). (A) Expression of recombinant lipoxygenase (LOX) in Ecoli

system. LOX sequence of Glycine max (SLOX) was used in this study. (B) Predicted schematic diagram of SPMs produced by recombinant
sLOX. DHA was supplied as a substrate. (C) Constituent and ratio of SPMs prepared in vitro enzyme reaction. Three kinds of SPMs
constituents including 17S-HDHA, 7S,17S-diHDHA, and 10S,17S-diHDHA were produced. Content and ratio of these components were
indicated in (C). M: Molecular size marker, 1: After induction, 2: Soluble fraction, 3: Insoluble fraction, 4: Purified sLOX.
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(Supplementary Figure 1).

el fisg BRIsl) gisje] TR o
A AT Al Aee AFUom 5
cytokineQl TNF-a} IL-6 & W3S 3kl Ol'oﬂ‘:]'[ 8]
SSPMse] FE Belal] gl WA Aol A
AiE1o] TNF-a o] 918, S=15ich, 21914 el 2
S-SPMs2 A2]5lA] 9k TNF-a2] ¥l 315 dizgo
2 3} YIRS E AREST 10 (M hydrocortisoneS A
2|3t AMZof|A] TNF-02] 2Halo] o2t =] tjH] 59.8%7}
ﬂAo}_ A2 Blolaldr). SSPMsL: 0.1 - 5 ppm HEE
Aefgl AgatollAe] WS izt 4=x]of Blal 272 -
42.8%7F 1 3?_ 2 #eldh 4= USIth(Figure 3A). 2
S L6 WHE A Aok A
o IL-69] o] = Flstiek olFA
Z7h8 1L69) 202 8T 10 M

100 +
80
60
40
20
0

DMSO S-SPMs

E
uR
o[\

Cell viability (% of control)

Supplementary Figure 1. Cell viability of human keratinocyte treated
with 10 ppm of S-SPMs. Human keratinocyte (HaCaT) was
incubated with dimethyl sulfoxide (DMSO) as vehicle or 10 ppm of
S-SPMs for 24 h, and harvested for the analysis of cell viability.
Error bars represent + SD. *p < 0.05, compared to DMSO.

Expression of TNFo (%6 of control)  X=
MooE oo
> B8 &8 &8 &
, -
’ ‘
= H
B
H
i
L

=
ra
w
I +
5}

Control S-SPMs (ppm}

ColEA) - MRS HaEA

hydrocortisone-2- b AZolA iRt =2 gy
572% W Zashs AE ISk 0.1 - 5 ppme
S-SPMs o] 4011 et Zx|of H]s) 2838 - 38.0%

?ﬂ 2l

7} ke ﬁs 31015} %It (Figure 3B). S-SPMs2] 327}
9 B5E WGP ) ol AL 7

£3N)7)= AoR opg;];q NO2| AJAJepo]| eake =3
elslint sIch). ECkE 9% FRIA]l oA
=2 QIzt zZHAgAAM e Aelsla R F=
S-SPMsZ R A]2]3t MZol NOQ| RS 24
stttk 1 Ay, FATRTR] 10 (<M hydrocortisone T
500 ppm vitamin CE 2|5t AHZof4] NO A=) tiz
o SR diu] Zk2E 245, 40.7%HE HAEHIL S-SPMs S
0.1 - 5 ppmE A2k HZoA= 177 - 30.0% W A
SH= Z1S SIR1}o(Figure 4A), S-SPMso| tokst 8141 7]
ol a7} S ERIsHITE

Ape)ilolut mAlIRIe e Tlakt TR AT @%
sleloe 4 W8 B A Ao
S| Hck AAR A 4 wAUE B0 shi

woht Arel @dgle] = Adapiiele] ke Ak=dl
malondialdehyde (MDA)E 27510} A £4F =2 el
3 = IEH10]. SSPVso] AJWuilet oAlS Fat AlE
T A meE Al A ffste] Rl
MZE nAHARE 2=3}a MDAS] MAERS 24519
FAd|z21 10 1M hydrocortisone™} 500 ppm vitamin
CE 431 3 AEoA= MDA A/dRFol Hizst =3[0l v
slo] Z1z} 533, 58.8%7} 7hast AL sHolslt) S-SPMs
= 0.1 - 5 ppm ARt AlazofA] MDAS] A/do] thzxt

2] ] 190 - 62.7% TE Aash AS ERlsi

—

rﬂ

Expression of IL& (% of control} 03
3 &8 8 8

T

* |
il
i
=
o

uv

Control S-SPMs (ppm)

Figure 3. Effects of S-SPMs on the mRNA expression level of TNF-a (A) or IL-6(B) in human keratinocyte. Human keratinocyte
(HaCaT) treated with different concentrations of S-SPMs were exposed to UVB for 10 min to induce cell damage. After 1 day
recovery, total RNA was extracted and used for RT-PCR. 10 (M of hydrocortisone (HC) was included as a positive control. Data are

expressed as percentages compared to the control value. Error bars represent + SD. *p < 0.05, **p < 0.001 compared to control (+).
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3.3. il Solfflgd x| & ==l 2 =X S0t

e AR DAl BHlEls AESA ARIEZRI(pro-
inflammatory cytokine)-> MMPs2] B2 ZAI510] TR
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Figure 4. Reduced production of nitric oxide (NO) and maldondialdehyde (MDA) in human keratinocyte. Human keratinocyte (HaCaT)
treated with various concentration of S-SPMs were exposed to diesel particulate matter (DPM) to induce cell damage. After 24 h

incubation, medium was used for the analysis of nitric oxide concentration, and cells were used for the analysis of MDA, respectively.

10 tM of hydrocortisone (HC) and 500 ppm of vitamin C (VC) were used as positive controls. Error bars represent + SD. *p <0 .05,

**p < 0.001 compared to control(+).
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Figure S. Effects of S-SPMs on collagen degradation and synthesis. Expression of matrix metalloproteinase-1 (MMP-I, A) or content of

procollagen type 1 (B) were analyzed in human dermal fibroblast. To investigate the protein expression level of MMP-I, cells exposed
to UVB were treated with S-SPMs. After 48 h incubation, medium were harvested for further analysis. For the analysis of procollagen,

human dermal fibroblast treated with various concentrations of S-SPMs was incubated for 24 h, and harvested cell to measure amount
of procollagen type 1 by ELISA. 20 (M of retinoic acid (RC) and 50 M of retinyl palmitate (RP) were used as positive controls,

respectively. Error bars represent + SD. *p < 0.05, **p < 0.001 compared to control (+).

J. Soc. Cosmet. Sci. Korea, Vol. 47, No. 1, 2021



i
o
>
2
of
o
ol

=)

7 olw]e] - o]

-]

=
=}

]
5

o
=)

Expression of filaggrin (% of control)

Control 0.1 1 2 5 HA
£-SPMs {ppm])

CZH9 - 0B A - NS - B

Expression of loricrin (% of control)

Control Q.1 1 2 5 HA

S-5PMs (ppm)

Figure 6. Enhanced expression level of filaggrin (A) and loricrin (B) in human keratinocyte treated with S-SPMs. Human keratinocyte
(HaCat) was incubated with various concentrations of S-SPMs for 24 h, and harvested for the analysis of mRNA level of target genes
by RT-PCR. 50 ppm of hyaluronic acid (HA) was included as a positive control. Error bars represent = SD. p < 0.05, “p < 0.001

compared to control.

= 1ol et 71 A L] o] geutE|ojof qith
Al @] 7180 =8 /4472 collagen -] Ad-FoHA|
3ol A== =8 71ATAR AR WoflA] procollagen
o7 MHE T Al L2 FH]E]o] collagen HA-= 5
57| ==t o]2f3t procollagen®] & 7O =M AllZ
Woll 49| collagen Aoty AH=E mefd o UrH12].
collagen-2 . Sy} WES pol= 2Rg-0 2 2 UnA|
U710l S-SPMs o] wj i A 9 =5 ks BRRIsh|
sl eIzt AqolA|aEo]| S-SPMsS X]2J3F 3 procollagen
type 12} e EIsHIH: FET o= ARESE 50
(M retinyl palmitate]] 4] procollagen type 12] $Hdo] th=
 tiH] 24 8 2713 9 S-SPMsE 0.01 - 2 ppm 2]
gt 9ol izt tim] 225 - 3.07 8 S71ekE 24Ist
Si(Figure 5B). ©] A}E B2 S-SPMs©| collagen®] £
aff A H A FXlo| FIRE 7R AS ERIstel o
55| A5 Aol AR =R oF 10 v B 5=
oA fofufet Fepdl we Al W Y A gRls)
o] AEro] S-SPMsollA = 2t 5 et Qb
ZO R oAk

e Pasks Sl A el glom Eu B
29| pro-filaggrino] FSHBO 2N AYE] F5 o] of
nleto R Hajsol Ajdl BelEAe] F1eg dk
o} oo} filaggrin® keratin gt ohje} ZpaAzato)
k2 Fa% AN lorierind} involuerin A4
A ofgie duste] s Gl Fagh dujde]

o) &b g5k A, A478 A 13, 2021

TH13]. S-SPMs©] TR 733} 858 ERlIsl] flste
M7 ZAAF JAzel S-SPMsE Aefgt & filaggrin 2
loricrin®] mRNA 23 WH3LE SR1siet. 71 Ay}, ol
Z+121 hyaluronic acid-2 50 ppm *]2] A] filaggrini} loricrin
o] Higo] Tzt ojv] 27k 152, 1.97 f Z7}slsich
SSPMsE 0.1 - 5 ppm A28t 2o filaggrinS 131 -
1.524}, loricrine 1.31 - 1.888)] Z7}al= 7L 3Iskct
(Figure 6A,B). ©]2JaF S-SPMs 9] filaggrin} loricrin WHe =
7 fyfm mlRo] mE A 7| G50] Sl A0R 9
Tk

ZQl n3 APPAL SPMs d-EAe) AR g% i
SPMs =8 S7MA171aL S H2) Ry
A s o] ol ks I A= SPMse| o &
woll ot Folme IAl ge o= oY
[14,15]. @A SPMs2 77| s4Fe2 e Thfjsial 3=
b ol&2 FE°l4 TS B3l WA
Fol HE PRt AP Tlite] B agt Aoltk

2 Aolxds of=iRt SPMs= A=t LOXE S5 in
vitrool| K9] At 7hs /e ERISHIAL SR AR A
s17] ffall 2adt tefRt A5 7= A= ERlsiGit:



DHA fr=AlE o83 &4, I3}, ¥

QG max)] LOXE £ AAsE =3t whzln)
DHAE A{EZZE ARE3lo] 17S-HDHA, resolvin D5 2
protectin DXZ ;_\,7;‘81—6']-.‘:_ S-SPMs 23} 2AHE2 3HAI5HS
a1 o] B ZAJEL TNFq, IL-6, NOS ay}zoz oA
stoan] o] Ao golslgk  S-SPMs<]
procollagen FHJ E717} MVP-1 213l o1 24§ & wt
o ofat Fepal 9 A Fo| A BjEe] Ak B
Ao getE A=o] gl AdRolk= S-SPMs A2

o] ¢Jt procollagen FHo] ZAE= Aow Hol Akl
oA 5 7 EE 7T 4= = A2 wdd
t} 3 gy} gEo] i A LA chlzlo] WEHe
25k Ak v @EeR s ofst Hejg)
L of=n] )iy gie} Aol e SO |eheck

0]0 o
raa

Acknowledgement

wre AR gelITele] Faxer o
slel Syl chrate] Uiolm Aol ZARERULE

References

1. Q Qu, W. Xuan, and G. H. Fan, Roles of resolvins in
the resolution of acute inflammation, Cell Biol. Int.,
39(1), 3 (2015).

2. M. Spite, J. Claria, and C. N. Serhan, Resolvins,
specialized pro-resolving lipid mediators, and their
potential roles in metabolic diseases, Cell Metab, 19(1),
21 (2014).

3. Y. Zhuang and J. Lyga, Inflammaging in skin and other
tissues - The roles of complement system and macrophage,
Inflamm. Allergy Drug Targets, 13(3), 153 (2014).

4. T. H Kim, G. D. Kim, Y. H Jin, Y. S. Park, and C. S.
Park, Omega-3 fatty acid-derived mediator, Resolvin El,
ameliorates 2,4-dinitrofluorobenzene-induced atopic dermatitis
in NC/Nga mice, Int. Imnumopharmacol., 14(4), 384 (2012).

5. E. P. Dobson, C. J. Barrow, J. A. Kralovec, and J. L.
Adcock, Controlled formation of mono- and dihydroxy-
resolvins from EPA and DHA wusing soybean 15-

a7

A e YR

o

g9 At 73

lipoxygenase, J. Lipid Res., S4(5), 1439 (2013).

6. I. A. Butovich, A one-step method of 10,17-dihydro(pero)

xydocosahexa-47,77,11E,13Z,15E,19Z-enoic acid synthesis
by soybean lipoxygenase, J. Lipid Res., 47(4), 854 (2006).

7. S. Pillai, C. Oresajo, and J. Hayward, Ultraviolet radiation

and skin aging: roles of reactive oxygen species, inflammation
and protease activation, and strategies for prevention of
inflammation-induced matrix degradation - a revie, Int. J
Cosmet. Sci. 27(1), 17 (2005).

8. D. Fagot, D, Asselineau, and F. Bemerd, Matrix

metalloproteinase-1  production observed after solar-
simulated radiation exposure is assumed by dermal
fibroblasts but involves a paracrine activation through
epidermal keratinocytes, Photochem. Photobiol, 79(6),
499 (2004).

9. . N Sharma, A. Al-Omran, and S. S. Parvathy, Role of

10.

11.

12.

13.

14.

15.

nitric oxide in inflammatory diseases, Inflammopharmacology,
15(6), 252 (2007).

A. Ayala, M. F. Muioz, and S. Arguelles, Lipid
peroxidation:  production, metabolism, and signaling
mechanisms of malondialdehyde and 4-hydroxy-2-nonenal,
Oxid Med Cell Longev., 2014, 1 (2014).

P. Pittayapruek, J. Meephansan, O. Prapapan, M. Komine,
and M. Ohtsuki, Role of matrix metalloproteinases in
photoaging and photocarcinogenesis, Int J Mol Sci, 17(6),
868 (2016).

K. M. Pawelec, S. M. Best, and R. E. Cameron,
Collagen: a network for regenerative medicine, J Mater
Chem B Mater Biol Med, 4(40), 6484 (2016).

S. Kezic and 1. Jakasa, Filaggrin and skin barrier function,
Curr Probl Dermatol, 49, 1 (2016).

A. E. Barden, E. Mas, and T. A Mori, n-3 Fatty acid
supplementation and proresolving mediators of inflammation,
Curr Opin Lipidol., 27(1), 26 (2016).

L. V Norling, L. Ly, and J. Dalli, Resolving inflammation
by wusing nutrition therapy: Roles for specialized
pro-resolving mediators, Curr Opin Clin Nutr Metab Care,
20(2), 145 (2017).

J. Soc. Cosmet. Sci. Korea, Vol. 47, No. 1, 2021




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




