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Skin inflammation (dermatitis) is caused by varying skin damage due to ultraviolet radiation and mi-
crobial infection. Currently prescribed drugs for dermatitis include anti-histamine and steroid drug
classes that soothe inflammation. However, incorrect or prolonged use of steroids can cause weaken-
ing of skin barriers as well as osteoporosis. Therefore, treating dermatitis with a drug that has mini-
mal side effects is important. Statins, also known as 3-hydroxy-3-methylglutaryl-coenzyme A reductase
inhibitors, are cholesterol-lowering drugs that have been widely treated for hyperlipidemia and car-
diovascular diseases. Interestingly, recent studies have shown the anti-inflammatory effects of statins
in both experimental and clinical models for of osteoarthritis. This study investigated the possible an-
ti-inflammatory effects of atorvastatin and fluvastatin in human keratinocytes (HaCaT cells), which are
crucial components of skin barriers. Stimulation of HaCaT cells with IL-13 increased the expression
of the COX2 protein, a major player of inflammatory responses. However, this induction of the COX2
protein was downregulated by pretreatments with atorvastatin and fluvastatin. Treatment with
IL-1B-induced the upregulation of other inflammatory genes (such as iNOS and MMP-1) and these
expressions were similarly lowered by these two statin drug treatments. Taken together, these results
indicated that atorvastatin and fluvastatin can reduce IL-1f -induced inflammatory responses in
HaCaT cells. In conclusion, the findings suggest that atorvastatin and fluvastatin can be potential

modulators for ameliorating skin inflammation.
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A3 A2 (reagents)

£ Ao AHEE atorvastatinPHluvastatin & Sigma-Aldrich
(St. Louis, USA)25-E] T943}92H, Chemsketch software
(ACD Labs, Toronto, Canada)< AH&3te] A4 ¢ Z+2t9] sta-
tin FEo] e 3stFz9 54 Table 101 A A3
IL-1B%E Peprotech (Rocky Hill, USA)S. 2 HE 939t}
Anti-COX2 (sc-376861) antibody+ Santa Cruz Biotechnology
(Dallas, USA) Z12]3. anti-B-Actin (A5441) antibody& Sig-
ma-Aldrich (St. Louis, USA)ZHH 77} F93t At

HaCaT MZFQ| MZH{St

A A G M EFQ HaCaT M E9] A Z ]2 10% fe-
tal bovine serum¥} 1% penicillin/streptomycin®| 3 7}¥
Dulbecco’s modified Eagle’s medium (DMEMH] % H)& Ab-§
dtal S#Q 37T, 5% CO9| Wizl A o] Fol ATt

MTT 24

HaCaT A ZZ 24-well plated] 3x10* cells/ml 9 HFEE
seeding® $-24A17 &< wjFetqitt. ol & wjAE AAT H,
atorvastatin 9 fluvastatin %F&& %¢ T2 A &
4877+ 59t 1) 5} T atorvastatin 212 0, 05,1, 2, 5 1M;
fluvastatin A 2] 0, 0.05, 0.5, 1, 2, 5 uM). ThF 2.2 T4
MTT 24 #&& Aldstglon, 2t w39 A3z tsmi-
croplate reader (Molecular Devices, San Jose, USA)E ©] &3

Table 1. Structures and characteristics of atorvastatin and fluvastatin

Drug Structure Molecular weight Lipophilicity References
Atorvastatin 558.6 Yes [11, 16, 21]
Fluvastatin 4115 Yes [2, 15, 26]
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53 5 (absorbance) 595 nmE ZA st A X5

)& Frsa

A (cytotoxici-

Protein && Y Western blotting £

HaCaT A £E 6-well plated] 15x10° cells/ml9] F =2
seeding® § 24417t FoF wjFetAth of F Al Euj g
atorvastatin (1 yM % 2 uM)#} fluvastatin (02 pM 2 2 pM)<
1247 B¢ APaH . o2 IL-1BE 10 ng/mlY] v %
2 24A7 o A Fol, NP40 Cell Lysis Buffer (Life
Technologies, Carlsbad, USA)E At&3te] A &3 (cell ly-
sis) & AR o714 Dol cell lysatesE FH T E &
FZ38t1, BCA assays w3 @A AHFsglth. B
49 (20 pg)= 10% SDS-polyacrylamide geloll A 7] % &
sto] E2§ Fol, PVDF membrane®l transferd}%th. 5%
skim milk& A&t PVDF membrane$ blocking 3 $-°f,
12 A (anti-COX2 antibody)E 4°Cl A overnight # ]5}%
o o2 23 A WAL ECL kits AH&3ko
chemiluminescence 3}8}4F8- 22 COX2 B A& &3
o AEd COX2 @89 A FL imaging system (Micro-
chemi 4.2, Shimadzu, Kyoto, Japan)< AH&3}%o™, & ZFs}
¥ 42 Image ] software (NIH, Bethesda, USA)< ©] &3}
o E4sd.

RNA & % quantitative PCR (qPCR) &4

HaCaT M X E seedingdte] Wl F3lal, WA atorvastatin 2
fluvastating AT Fol, IL-1IBATIE FFWES FE5t3
o}, o] @A W/ A E Al Eol A QlAzol® Lysis Reagent
(Qiagen, Hilden, Germany)Z total RNAE % /2|3 %lTh.
Nanodrop 2000c (ThermoFisher Scientific, Waltham, USA)E
AH-gste] $28 RNAZ 4 F3ith the 0.2 QuantiTect”
Reverse Transcription kit (Qiagen, Hilden, Germany)E AH-&
34 total RNA (1 ng)2 HE cDNAE FA 33T o g
4" cDNAE qPCR templateZ AH-8-3}% Tk Rotor-Gene
Q cycler (Qiagen, Hilden, Germany)& AH-&& qPCRE A A
8 iNOSet MMP-1 #3149 mRNA FF= £43%
qPCR& H A pre-denaturation step (95C, 10 min)< A A &
2|, F 40 319 cycle [denaturation (95T, 15 sec), annealing
and extension (60C, 60 sec)]& W3¢t} qPCR primer®)]

Table 2. qPCR primers used in this study

A atorvastatin B fluvastatin
T
100475 ] gy 100 — ™ ] —
= — *kk
X *kk S
= =
S s0- sokk g 509
> >
° 3
o o
T T T T T L) T T T
T3I333 33333
o Al o
Fig. 1. Effects of atorvastatin and fluvastatin treatments on via-

bilities of HaCaT cells. Overall, atorvastatin and fluvasta-
tin treatments (up to 2 uM) do not affect HaCaT cell
viability. HaCaT cell viabilities were assessed via MTT
assay. ***p<0.001.

A7] " & Table 20 | Al3HS1Th.

|4 A& A3+ Graphpad Prism 7 software
(GraphPad, La Jolla, USA)E o] &3Fef EAHEA
1, B2 ERAE Y. 4 AT
FAZA s p<0.05%] ol TAA LR Fosirial &
det sl

HaCaT MZ9| MZES20] CHSt atorvastatin 22|10 flu-
vastatin 9| Q& 2N

Atorvastatin®} fluvastatin®] HaCaT M| X 9] A &5 5| 1
A Y& golrr] Y3t MIT #4-& AAS+EH HaCaT
A E o] atorvastatin (0, 0.5, 1, 2, 5, 10 pM)°] 4} fluvastatin
(0, 0.05, 05, 1, 2, 5 uM)S A&ste] 29 F<F v st
o]F NE=A BA4E 9% MIT assays F38t% 3L, 24479
stating A 3A & hE2T HlusAh 2479 statin
©] HaCaT A X9 B&5 | nX= Y& Fig. 19 AN =
AT}, Atorvastatine 5 pM |49 FEE AT =

Gene Direction Sequence (5" -3') Species

iNOS Forward CCTTACGAGGCGAAGAAGGACAG Human
Reverse CAGTTTGAGAGAGGAGGCTCCG

MMP-1 Forward GGGAATAAGTACTGGGCTGTTCAG Human
Reverse CCTCAGAAAGAGCAGCATCGATATG

B-actin Forward CCAACCGCGAGAAGATGA Human
Reverse CCAGAGGCGTACAGGGATAG




HaCaT Ml Z oA T8 A 54 & 2 AT(Fig 1A). Hl %38}
Al, fluvastatin 4E A%, 5 M 55 8= HaCaT
AZA o NE254S st Ath(Fig. 1B). o8 Al
ZTEA APARE WNIstd, o] 3o A AHEE ator-
S+ HaCaT M| X0 F3
TEE AASA

vastatin 2 fluvastatin &% g %
G AEZAHS HolA] ¢E 2 1M ©l3+e] 5

HaCaT MZOAM [L-18 OH7HRICOX2 EhufE
8 atorvastatin 2|1 fluvastatin 2 H& ’%*

HaCaT Aol ti®2Q 454 Aol E7AA T
ng/mE Hgdd AFHEE FE3Ad. o l %E%
HaCaT A2 dF¥3S 2 &y 4398 A4
COX2 S d o] LyYs A3t £A39 . Fig. 2A9]
Western blotting assay & @2 3o A HoJ 2%, IL-1BE A 2
32 g gzl HlSA, IL1B A 2Es CoX2 wud o)
HoFg 2u) o) FHA F/AANAT. olHd AFEARE
HaCaT M Z7} IL-1B0] ®¥H-3-3a COX2 Bl d wd oS &

| R
=

I AERES e #ogHs AAET SR EALE, ol g
L1 A2 §5/27H8 COX2 92 HH%E atorvasta-
tin (1 2832 2 M) M2 F 15 1] FFo2 asdte A
< H % T(atorvastatin 1 M 5 A2 Al p=0.0514). o] & &
APARE IL1B AP E 5% HaCal A E ﬂ Sl
atorvastatin®f= A2 FaAZ F dte A Al gt

Fluvastatin (Fig. 2B) ¢f= 9] 4ol &, IL-18 721 ﬂ% HaCaT
ME A COX2 Dl PGS t2THT & 2d] F7HAIA
o} o] 23 IL-1B AP 2 59 COX2 ©ujde] wrdof 27}
T fluvastatin (02 223 2 pM) & A YR FAHLE F9
A ZAEEs & Ut ol A¥ARE FTHEY,
HaCaT M Z& IL-1B9] ¥F-§-3ke] COX2 &4 wd 7
A7 e Aol s & g A, £ oY
%] atorvastatin¥} fluvastatin ¢F& 22 ZHa"
7ol AA €,

of

-

%0 of mlo
Loy ol
rr &

4y o

A atorvastatin B fluvastatin
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HaCaT MIZGM IL-18 OH7H2| iINOSS MMP-1 REX}
85101 CHet atorvastatin 12|10 fluvastatin 2] sk 24

IL-1B A2 F5H, COX2 @uide] drdef £718 ¥ 3
3t HaCaT Al 29 3] O& 54 Azl iINOS
U MMP-19] 28 F7+8 £FeteA, B 12099 IL18
A2 =8 INOSH MMP-1532+2] &d Z7}7} atorvas-
tatin = fluvastatin <& % 2]of] 93] thA
Ao g F4& AT F5A A EFFAL LB (10
ng/ml)E A E AFEol F5H HaCaT MECAA total
RNAE FZ3% 1, gPCR 7 2E INOS @ MMP-14 7
©] mRNA %% %dé}%‘t} Fig. 3Ac A HAA & ngl o],
IL1B & AeskA o2 izl HlsjA, IL-18 Aele 4%
A F2249 INOSSH MMP-19] mRNA %S oF 2v] Z71A1 4

t}, o] 23 AFE= HaCaT A ZE7} IL-189) 8H$-3te] COX2 &
AR ooz, g2 dF Fd FHA iINOSY MMP-1

AR HEE A /AR S BAET. A AgAHY
FASHA, olEE IL1B A E fr5/F7HE iINOS 181
MMP-1 mRNA %2 atorvastatin ¢F& A2 Fo3tA &
3tSth(Fig. 3A). WekA, o8& AFA A= IL18 AYRE
5% HaCaT M X9 ¢5HE-S-0] atorvastatin $HE X 2] Z 3}
& 2449 F dde AE AT v AFg. 3BAllA, IL-
18 AY 2 71 iINOSS MMP-12] mRNA 9] fluvastatin
okE AR FAHOE %9]3}71] O ags #2S
At T#eHH, HaCaT Al E= IL-1B] ¥HE-3ke] iNOS
MMP-1 %ZJZP TS 07}*]7]“1 S-S #ATE
2 o]

g 9lal, =3 o] 23k g FHk-3-0] atorvastatin? fluvastatin
s AR AdE ¢ e Aol AAEG

TSN —i>

rir

HaCaT MIZOIA statin HIY 24=0| A= SAHE &
HT B9 93y 9 9yAse] Iy ks =
3 FAelth 28y dA AdEE #E X84

2gs 23T 9

coxz [T N B BN |

COX2 | mm o = |

Actin |.————-—|

Actinl————l

COX2 protein
n

COX2 protein
n

0- 0

Fig. 2. Effects of atorvastatin and fluvastatin on
inflammatory COX2 protein levels in HaCaT
cells treated with IL-1B. A representative
Western blotting image of the COX2 pro-
tein and a quantitative plot from inde-
pendent experiments are shown. Actin

IL-1B = IL-18 -
atorvastatin (uM) - - 1 2 fluvastatin (uM) -

i

protein was used as a loading control. *p<

0.05. (A)atorvastatin and (B)fluvastatin.
02 2
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A atorvastatin B fluvastatin

<? < ?
P
& * v
1S S *
n! n 1
©)
2 2
0 0
IL-18 =il ol IL-1B -+ o+
atorvastatin (uM) - - 0.2 fluvastatin (uM) - - 02
g ¥
4 x
1S * = *
A g
= =
= =
e 0
IL-18 = +  + IL-1B = N
atorvastatin (M) - - 0.2 fluvastatin (UM) - - 02

Fig. 3. Effects of atorvastatin and fluvastatin on iNOS and MMP-
1 mRNA levels in HaCaT cells treated with IL-103. Plots
generated from independent qPCR experiments are pre-
sented to show relative iNOS or MMP-1 mRNA levels
in response to IL-1B/atorvastatin or IL-1{3/fluvastatin
treatments in HaCaT cells. Actin was used as a reference
gene for quantification. *p<0.05. (A)atorvastatin and (B)
fluvastatin.

7} FER 9}4[19 26, 30] B 04?%
Y= X7 AHEH+E statin A'E 2 EQ atorvastatin I
fluvastatin & AF§3}o HaCaT MEFo|A 9 34 a3= A
R I ok B AU R B d |

H3}E= atorvastatin # fluvastatin &

%4
SAF7 AP Ed, TS A 5o
7l gt olel t3teq, statin & 17
Az de AEE ksl kAol
grdE Zdo] Yo, 3,5 11]. 83tH, £ AT+ atorvas-
tatin@ fluvastatin &% ] COX2, iNOS, 183 MMP-1 59|
d=A 4 X'IX]- é‘_e A7 02 H HaCaT Al ZA IL-1
BAYE FE8 €50 AT + das BAFAT.
E}E]r/‘i 2 Oﬂ:r" I} =atorvastatin} fluvastatin % 0] 2=
ASARY FEAS AANT.

ZAle 2

2 ATE &5 v Rz Adow dndT
Aeke] A (A E: NRF-2019R1F1A1060013 2 NRF-2020R
1C1C1008973) & Hro} o] Fo} 5 o olo] sl ZALE YU
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