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Nitric Oxide (NO) has been known to play important physiological and pathological roles. In this
study, Sodium nitroprusside (SNP), NO donor, induced the apoptosis of HaCaT cell, human
spontaneous immortal keratinocyte, which was investigated through DAPI staining and cleavage of
PARP and caspase-3 protein. However, the expression level of Bjpand CHOP, involved in ER stress,
was not significantly changed as compared to the control cell group. Recent studies have showed
that SIRT1, NAD*-dependent deacetylase, is the key protein that controls cell survival and death.

SNP treatment suppressed the SIRT1 gene expression, which indicated that apoptosis induced by Corresponding author: Pyeongjae Lee
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M E Z£2(Zhan 5, 2015), wound healing (Spitler &, 2013),
melanocyteol| 4] melanin A3/ --=(Romero-Graillet 5, 1997),
oA ¥ ¥= T4 %], X9, 9|3 1_12_% FAE o] 9t &% ultra violet B (UVB)el| &Jgt 1] 5 35t 3% (Deliconstantinos

O ZEE A YRS BISIAL B A2 d 5 5331 1995)7F 1= ¢}, Bastianetto 5(2010)< resveratrolo] NO
A& 3t} Keratinocytes 2I& ?L**ﬁ =7 Sast A ER donor$! sodium nitroprusside (SNP)= 23+ HaCaT cell
FU|AE2] 90~95%E ARSI}, o] 23t keratinocyte= $1<52] (human keratinocyte cell type) apoptosisS A3t 1 113}

o Aol met oje SIE AL TYR CRRFIAA, B GArk 1 ATOIAIE 71 170] Bldfe] HaCaT A1) SNP 4]

AEF A0 ZE o] QUL a5, apoptosis¥H Poly (ADP riose) polymerase (PARP),
AFebd 2 (Nitric oxide, NO)J= (41 0.2 548t ofw]7} 8

7HA A A ZF A D75 Al 254 ) =85 A 2] oA

el 7]-s0] Qlth. NO7} ol¥ 7|52 Sli=7}= nitric oxide deacetylase) 4312} -2 AAIEHS skt

synthase (NOS)9] type, target cell type, ¥% 5ol 2J&etc}

NO7} 5} o] n] 2= &k} 3k sto] keratinocyte cell migration
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1. Alef

H A o)A AM-3F sodium nitroprusside dehydrate (SNP),
3-(4,5-dimthylthiazol-2-y1-2,5-diphenyl-tetrazolium
bromide MTT), 4’,6-diamidino-2-phenylindole (DAPI)+=
Sigma AlZ-S AH31th Dulbecco’s modified Eagle Medium
(DMEM)-& Lonza®l|A] Fetal bovine serum (FBS), Penicillin/St-
reptomycing Gibcooll A 1 8F% et

2. Cell culture

2 Aol ARG HaCaT-> Al et QI/FA AAE of 4] 129F
dro} ARSBFQITE, Al E= 10% (v/v) FBS®F 1% (v/v) Penicillin/St-
reptomycin’}F &35 DMEM B &[]l 37°C, 5% CO,2] vi%7]o]|
A HjFstSitt. HaCaT- Yol 3~43] 1:3 Bl&= AlthuleF

]
= HI5-83 9] formazan O = $HIA7] = 58S o] §dh= AA
=

Sto] 24 A7 3 AR5 A efsto] 24 A1 ol Al 2 BEES
243k MTTSY (5 mg/ml) 20 plS 2 wellofl 718kar 2417F
FUHSAIT] 3 A5 A A AT 100 uLe] DMSOE 3718t
2374 formazand7dZ -8-3HAA 570 nmollAl S E=E 74t
At 2L o 2tof gt a2 el ¢l

4. DAPI staining

HaCaTA|2o] 10A17F SNP A 2| & Al ZF RSk} 37% for-
9 °

maldehyde £-213} PBSE 1:99] H-&=2 42 fixing solution 1
mL& Al 3Eo] 7kste] 2 41 9 A0 4 104 &2t skt
3000 rppm O 2 227 A 2] 3F 5 4]

oS A A8l Phosphate
buffered saline (PBS)= 2% washing®}FSIth. Al pellet= PBS
1 mLE 581 3 DAPI 10 pL 21 91 Xjhato] Al 2ofA] 205
B ERSSFATE 3000 rpm o2 287 4] B2] 9F 5 PBS 50 ul
et 5 ple slide glass 919 @of =& coverslip @17
Anjd o= Ho JeE sl

¢
¢

ot o

ol px

reh @
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5. Reverse transcription-polymerase chain reaction
(RT-PCR)

HaCaTA| (40 % 10* cells/mL)E 35@ dishell seedingdli
24 h F A =E A2k ARt Flofl Easy-BLUETME ©]-§
sko] total RNAS He]3F th3 A=Folelrt. Total RNA 2 pgell
oligo-d(T) primer (0.2 mM) 1 pLE &3tslo] 75°Co| A 1087+
Hh8- AlFA Tk, RNase inhibitor (10 U/uL) 1uLe} 5X RT buffer 4
pL, dNTP (10 mM) 2 pL, DTT (0.1 M) 2 pL, AMV RT enzyme
(10U/uL) 0.5 L& 37} 3+ 3 diethyl pyrocarbonate (DEPC)Z
HelH SHFE ol gsto] AA| oF& 19 pLE BAsk5int 42°C
60 min, 12|31 70°Cof|A] 5 min ¥H-5-5t¢ cDNAE /g3t & 3]4]
sttt cDNASF ZF -4} primersE ©]-8-6}0] RT-PCREM-S
eslnt, B 2742 Template 2 pLe} primers (10 pmol,
Table 1) 1 uL, PCR pre-Mix 15 pL, DEPC-water 11 uL %715}
A 2 30 uLE 3k PCR W5 423313t} PCR ¥H- 0. 25

] IE0 SZAME-S 1.5% agarose gel o310 A7 581t

6. Western blotting

HaCaTAH|Z(60x 10* cells/mL)E 350 dishel seedingdti
24 h ¥ SNPZ X 2|3}3ich. A= proteinase inhibitor (PMSF,
100 pg/mL, Aprotinin 1 pg/mL)7} 3714 triple detergent lysis
buffer (50 mM Tris-Cl pH 8.0, 150 mM NacCl, 0.1% SDS, 1%
NP40, 0.02% Sodium azide, 0.5% Sodium deoxycholate) = &
Ssto] Thal 2 A] 52 -2 3 BCA protein assay kit ©]-83Fo] 4
2k shqich. e ElS SDS-PAGE ¢t &, Nitrocellulose®] Trans
blot turbo blotting 7| AIE ¢34 o]'5A1F th. Membranes
5% skim milk &0 & 2417 F<F blockingstirh. 14+ 4|
PARP (Cell signaling, 1:5000), Caspase-3 (Cell signaling,
1:3000), B-actin (Santa Cruz, 1:3000)5 # 2]5}o] 4°Cof|A] Hk-g-
st ct TBSTE 33] washing<-, 24} Horse radish peroxidase
(HRP) linked anti-rabbit IgG (Santa Cruz) -2 HRP linked
anti-mouse IgG (Santa Cruz)E 7ksto] 1A1ZF Aol A 1yt
S}ATt. TBSTE 33] washing@t 3, BCLe}F §H-A|7] T o]u#]

Table 1. Primers

Gene Forward (5°—3’) Reverse (5'—3)
GAPDH ATTGTTGCCATCAATGACCC AGTAGAGGCAGGGATGAGGT
Sirt7  TCAGTGTCATGGTTCCTTTGC  AATCTGCTCCTTTGCCACTCT

CHOP  ATGAGGACCTGCAAGAGGTCC TCCTCCTCAGTCAGCCAAGC

Bip CCTGGGTGGCGGAACCTTCG CTGGACGGGCTTCATAGTA
ATGTG GACCGG
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HAA2E o] §310] band &

ABFHTE

7. Statistical analysis
A A= mean+S.D.& F
p<0.05 o[5kl B-= ﬂ AoR

sFsict. Student t-testES £
st

Z

1. SNP2| &= 2 X2|A[ZH0]| [E HaCaT MEE S NO
el wst
SNPS 355 #(0.1,0.5, 1, 2, 3 mM)A|2]3kal 244171 52, Aley
3 MTT assay 23} 1 mM ol 4] oF 20% AE-&o] Z7} 8191, 2
mMOJ A FE AEgo] Do a A 3 mMof| A= iR+t ] 2F 50%

150 -
130 -
110
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50 | e
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SNP (mM) — 01 05 1 2 3
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Fig. 1. Effect of SNP on cell viability in HaCaT cells. Cells were
exposed to varying doses (0.1, 0.5, 1, 2, 3 mM) of SNP. Cell
viability was determined 24 hours later using the MTT method.
Values present mean+S.D. of three separate experiments. *p<0.05,
***p<0.001.
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2. SNPO| 2|zt apoptosis

SNP (3 mM) im 10A1 {H % DAPIE S8 M-S wf o 2o
H]3to] GAALe] S-2em) thE-S Bholst 4= 9J9ItKFig. 2A). NOO|
oJe} ER stress=7 1= 018} %’43}1 SNP (3 mM) 2] & Bjpi}
CHOP-5- A 8 X & RT-PCRE 2%1sto] Btk Bp
oF CHOP7AAL gFl &t 24t Hl Sto] 2 o) 2 RIE} gloict
(Fig. 2B). PARP2} caspase-32] 74-¢- SNP (3 mM)A| 2] & 6|7t
A ke PARP2} caspase-35 241 & 4= 91 91ckFig. 2C, 2D).

3. SNPOf| 2fst sirt19] Eiad 244

SNP (3 mM) H&] & A7 E sirt]19] G412 9hd A=
RT-PCRZ grelslqitt. 2417 o A o 22 vl w3l o 2
SHE HoA] ¢SOt 4AI7HL oA 7ol A sirt1 9] o] &0
A& RIS THFig. 3).

ox

=t
=

(]

NO= AA| Woll A AZHAGAZA cell type Afelof] XS A
goto] thefel S Y oIt NO= Al EXs7| % ot

S
cell deathE 7% 3o}, AA| ultra violet Boll &3t
L]
[e]
AN

Keratinocyteo] WA1Z2 NORHA 4 AfAS HAS
apoptosis7} Z7Fsl=d] o]+ NO7} cell toxicity B 37
o YEPHTKWeller 5, 2003). 0] =20l 4] INOS ZHE 8-S f &=
< off UVBel| :=&06HA] kol oF 20% ABE&0] 571 &
Ak B Ao A% SNP XHE|A] %= 2J&2] 0 & cell death7} L
Elh= Zlo] oft gk 1 mMollA] 28] oF 20% Al E7HEoluth= A

Fig. 2. Induction of Apoptosis by SNP
(A) DAPI staining was carried out 10
hours after SNP treated to HaCaT
cells. (a) Control, (b) SNP (3 mM). (B)
RT-PCR for Bip and CHOP was per-
formed. (O) and (D). Western blotting
for PARP and caspase-3 was per—
formed.
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Fig. 3. Suppression of Sirt1 mRNA expression by SNP. RT-PCR for
Sirt1 was carried out indicated-time after SNP (3 mM) treated to
HaCaT cells.

macrophage (Messmert Bruner, 1995), osteoblast (Chen &,
2002), cardic muscle cell (Chae 5, 2001) 5 tF¥st cell type?l]
A apoptosisE ¥ .2.7Itk. NO7} apoptosisS €071 7|48 n
Efc ol o9& o & Bkt NOo 23 DNA 42 p53
T O] 212 9l 0 7]H o] = n|EZEgfolo] WA 915 1| s}
1 cytochrome 9] Al U] wil&2--G =3t} w5 cytochrome
c= apoptosome FAdFo] caspase-9= Atk T THA 7]
ChA] EAJ9lE caspase-9+= caspase-35 At EASIAIL)
caspase-3+= PARPE 2t DNA &A4F B 7142 8 3hA) 71
HaCaT cell p53°] mutation &¢] Q= A|ZZ2A] NOof| 23t
DNA &4o] p539] QMgoke doxint dtoj e eH4okd p53°]
apoptosisel thet 7| =7} 2h& 4= qlt}. Kawahara 5(2001)
p53 protein®] /FAo]A] g2 microglia Al3Eo4] NO7F ER
stressE B3l apoptosiss Y071tk B 13 B-cell?} chond-
rocyteol A &= NOoi| 23t apoptosis”} ER stress &£ o] K11
HAtHOyadomari 5, 2001, Takada 5, 2013). w&}A] HaCaT
A|EZ A %= NO7L ER stressE &0l apoptosisg 424 7Hs4do]
Ut R HAS A 0 & PAH Tl L35 B 7]
= ZEeth NOof el 41 2.0] 4> ER® Sfola ol g 1
EE 9P Tl S fesh 11 IS HloluA| =W
apoptosisE fsh= 7]xo] 2443t et & Ado]A human
keratinocyte cell typeQ! HaCaT cell& th42 2 st NO donor
1 SNP& A 2|3k 3-9f apoptosis7t Yod-2 2Helsltt. SNPY
O]t HaCaT<] apoptosisi= ©|1] Ba1% v} Q1= o] =1of A=
SNPol| 2]3f caspase2] &Alo] Z713FS- H o]l ¢lth(Bastianetto
5, 2010). & =Fo A% apoptosiso]] THABH= 02 Hol=
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caspase-32} o] 71 2] 7|2 & DNA E-Lo]| #olsh= PARPO] Att
< western blot=r 59 &213}e] NOo|| 2Jet HaCaT2] apoptosis
£ caspase-39] &AJo}= F3k pathway7t Ho & .9t} ER
stress@t Tdsho] TalE L Bt gl apoptosis A2 T E
= 7102 oei7l Bip 9 CHOP -4-14k2] v ek Bo13t 23} o
Z31 HURE Kol & YA ¢hoF NO°] ©]9t HaCaT cell®]
apoptosis©]l BR stress G aFo] T1kA] IA4] ¢k Fl o0& A7hE ),
Sirt 1> NAD'- 9] deacetylase 241 A1) acetyl group
S AAZE. Sirt19] 7134 24= p53 (Luo 5, 2001), NF-kB (Yeung
%, 2004), FoxO (Hughes 5, 2011)%5°] 310 o] & AARIRS
SoAEot A[A Al &4 BEFF AR SA1S FAAT = A 08
ok A @I}, <% human keratinocyteo]l H;0,2} UVB 4 2] 6H #
H sirt] o] W o] Fol5m o] Zlo] apoptosiset ¥ lth=
1(Ca0 %, 2009)2} Sirt 12] 437} apoptosisell thst Eﬂ%} *é%
Z7MA1Z1t= Ral(Herbert 5, 2014)= kerationcyte2] apoptosis
of Sirt10] ZF3s] BA 52 Foltth = Aol A cell deathE
k= SNP 5ol A HaCaT celloll A Sirtl 5442 whéo] of

2 AL keratmocyteﬂ NO®i 2]} apoptosis7} Y oiifm

A3} PARPS] Atto] JJrO% S} ER stresset 34

— ‘21‘:3 5 okl sirt19] o] AIES KHofErh shAIRE NOo

o)t sirt1 9] HA O*XﬂS’Jrapopto&sﬂ 4 43I eSS Hol=%

7= obu ), whebA sirtl oA 3 ke %‘@%% | NO©j 2]
Shsirt] W 2Ho| apoptosm@r A4 T U

& 7] w5 Ay ef et gl o] oA ofu|ek i 1%—’? Slofok 3t

oi-ﬂ.I

o 3zttt
2 %

AR Ax(Nitric Oxide, NO)J&= A 2]3H4], Wejeh4 o & g0t
S 3kl = o= AP A Sl & APl A= NO donor?!
sodium nitroprusside (SNP)7} HaCaT Al 2E0]| 4] apoptosisE -
Lot S DAPI®AT PARP, caspase-3 ©hild AckS:
western blot ©. 2 18}tk SNP= ER stress2t ¥4 Q1= Bip,
CHOPTTJV} o= J ko] 12ih L NAD+ 2J& deacetylase
Qlsirtlo] AJa£] A& Yl AbE o] uf9- Z= 8 3 thalgofeh= F il
7} QAc}, B AEof| A SNPE= HaCaT A2 sirt] -f734H 2 S 7t

%

AA)F 01 o]= apoptosiset O] Q)& = SlTt.
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