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Abstract

Purpose : Although human periodontal ligament stem cells (hPDLSCs) are a supportive factor for tissue engineering, oxidative
stress during cell culture and transplantation has been shown to affect stem cell viability and mortality, leading to failed
regeneration. The aim of this study was to evaluate the antioxidant and protective effects against cell damage of celecoxib, a
selective cyclooxygenase-2 (COX-2) inhibitor, and the antioxidant signal of hPDLSCs in H,O,-induced oxidative stress.

Methods : To induce oxidative stress in cultured hPDLSCs, H,O, was used as an exogenous reactive oxygen species (ROS).
Dose-dependent celecoxib (.1, 1, 10, or 100 pM) was administered after H,O, treatment. WST-1 assay was used to assess cell
damage and western blot was used to observe antioxidant activity of hPDLSCs in oxidative stress. Immunohistochemistry was
performed for inverting the localization of the SOD and Nrf2 antibody.

Results : We found that progressive cell death was induced in hPDLSCs by H,O, treatment. However, low-dose celecoxib
reduced H,0,-induced cellular damage and eventually enhanced the SOD activity and Nrf2 signal of hPDLSCs. Oxidative
stress-induced morphological change in hPDLSCs included lowered the survival and number of spindle-shaped cells, and shrinkage
and shortening of cell fibers. Notably, celecoxib promoted cell survival function and activated antioxidants such as SOD and Nrf2
by positively regulating the cell survival signal pathway, and also reduced the number of morphological changes in hPDLS.
Immunohistochemistry results showed a greater number of SOD- and Nrf2-stained cells in the celecoxib-treated group following
oxidative stress.

Conclusion : By increasing SOD and Nrf2 expression at the antioxidant system, the findings suggest that celecoxib enhanced the
antioxidative ability of hPDLSCs and protected cell viability against H,O»-induced oxidative stress by increasing SOD and Nrf2

expression in the antioxidant system.
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2], worA S AP ATE S Q) A LA
7} oh#F EA3tch(Huang 5, 2009). A3 2 7] A Z (adult
stem cell)Q] UEQl AA XFAW =7]|A|*E(human
periodontal ligament stem cell; hPDLSC)= Zj A 7] 50| &
U z7] BEA|Po] &45t1 ofE 2FoF thE B
3lE 4= 9l L89S 74321 Qluk(Lee, 2020). 3FA L, A
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QJtHRen 5, 2023). H|AEEo 5
cyclooxygenase(COX)2] AA|S ®ZA o=z 3slo] AE, &
d 42 gg= agitE lth. COX+= cyclooxygenase-1
(COX-1)2} cyclooxygenase-2(COX-2)2] 27}#] isoform
2 FAEHY, COX-12 F=2 A Aol COX-2&= ¢
% 00l W B3 Asex sl A -getHLipsky 5
2000). Celecoxib-= 1wz A]Z9]2FH(food and drug
administration; FDA)2] A}& <918 ¥ COX-2 a4
AAst= 22 FAHASAZ AHE-E At Whelton %,
2001). COX-2+= HSHbs Ade] HE4 miolw,
prostaglandin E= Q3 g% ujj7l A o] ch(Kurhe %
2014). Celecoxibe= T2 AEFZFHUH(PGE2, QlE R
(IL)-18 , %A AFQAHTNF)-¢ , YAFEHE A(NO) &S
AN 7= 58S B3 (Cheleschi 5, 2018; de Boer
5, 2000, MMPe] 3H4, AlZEARE, SQIAHNF)kB 1
NF-kB Z|7t=9] #8A &/42E A=A ZHOu
2012; Tat 5, 2008). &3], celecoxib= H|AH|Zo|=A4]
AZEA 9 dlo|A} cyclooxygenase-2(COX-2) E9|
AA A=A Z2=2EaThd o] Ao Tofsty s 4,
4, A5 oIty HE Ao A= celecoxibe] &
o AlZZAE A, FatatA = A 0] s dS AlA sk
th(Kurhe 5, 2014; Reksidler 5, 2007). Santiago 5(2014)
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2 AT A HAH2 o3y At

1) A AR E7]A| 230 HO0, Ao wE 4k
st NZAPE A=E ghefgltt.

2) AbE}A EAFoA 5= celecoxib Ao wE A
2P s gtz gk

3) Celecoxib #| Z]of| W& FF4ks} 2H-8-0] Al f A%

A 7)3e BEstas s,

L X5 &M= wjg

H ooqto] AlgE X FeY] £7]A3ELE fluorescence-
activated cell sorting(FACS) EAHE £33 |88 &
7IAlZ o] EAS 21 Ao w(Lee, 2020), A Th
st 482919151 9] 4] 0] A (1041493-E-2022-002) 2
urg) o]k 7)% RA S ABhogle] BHA RS 9
o s B 5 2 golol Folg wyo BHom
2FAE EAT AR AT AlLTFAE A
goto] A AR E7IAE 28 w5o] olsh A

of B FQ AT AEFE £ AT AHgHeT

o} 1
EHA Fo B85t 222 ¢ -MEM(Minimum
essential medium ¢ , Thermo fisher scientific, USA) HJj X
2 A3 T 100 m disho]] EZA]# 20 % FBS(Fetal
bovine serum, Gibco™, USA)®} 1 % P/S(Penicillin/
streptomycin, Gibco™, USA)7} 3+ v x| oA 37 C, 5
% CO, vjF7|oflA wiFstelct. At wieF 5 2dnfrt
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(Hydrogen peroxide, Sigma, USA)= 100 pM=Z ¢
-MEM(10 % FBS, 1 % P/S) vl x| o]] &3l A|AH AF&3lF L
o, 250} E7IAEZ 1A1ZE A7t & A=A Al
mAE AEE selelgich  walEh okl
celecoxib(Sigma, USA)Q] XZ|FQlt] Z7|A|E AFE A
F7E 3Hels}] 918} celecoxibi A2 2] 914 g-olo]
=l %, 10 mM 9] stock-§H& ThH5o] ARE-SFTE 2|5
Qltf 741220 H 0,5 1A17F A 23k 3 celecoxibs .1,
1, 10, 100 uM FE& A2 2447k vjoFatlch.
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Asl7] 93] WST-1 assayS A A3} TE 96 well plate
1x10°% X5t} E7|MZE B354 24417 wjof
%, 100 uM H,0,5 1A17F A 2jsto] Absha] &4
SRSt SEd GAEA B Ae] 24A)7E ¥, 242
WST-1(EZ-Cytox, Dongen bio, Korea) 10 w0 233} 1
AIZE 5ot vkl Al RESS AlRTE A5l 74
3 AEEL ST 450 nm Ao A ELISA(Multiskan
FC, Thermo fisher scientific, USA)E ©]|-83}¢] optical
densityS Z43hgom, 2t B 48] ukE AGa A

§ A9E vhgrom w24,
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Astr] Sl D] IHAFFS western
Iskich A5t} &7]M|E+= PBS®E 2
AYRYE olg3tol 43NS A5
11, phosphatase inhibitor(PhosSTOP, Roche, Germany)Z
A7t lysis  buffer(PRO-PREP™

protein  extraction
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solution, Intron biotechnology, Korea)S 250 W& #7135}
T4 ColA] 3087 WA ] AlEE BelAAT B
H AM|EZE R oA microcentrifuge(Eppendorf, USA) 4 C
o A1, 15,000 rpm®] &ER 15E7E 4R A7 chal
dol 858 AFNE 4713 T, AFolo] Helg oy
© BCA vl 2Au e Abes) 2k 3
T 2E60 pg)oll Wl laemmli sample bufferES 9
3 95 CollA 10823F #0]i1, 10 % SDS-PAGEZ
AbgsEe]l 100VE 2417 A7 95 shdlth A79s
5 PVDF(Polyvunulidene difluoride membrane, Merck

A X8}

2 o X
op MN o off

millipore, ~Germany)o]| electro transferE
membrane2 5 % non-fat dry milk= blocking S} T} 5 %
skim milk7} Z3FE PBSo| 1:10,0000.2 3|43t 12} &
A 1:10,000 Anti-SOD(Cell signaling technology, USA)x}
anti-Nrf2(cell signaling technology)E 4 CollA] overnight
Hh2 A Z T o] & Tris buffer2 1084 33] A& 3 2%}
A 1:15,0002. 2 3] A3t Anti-mouse [gGE ©]-&3}o] AF
20| A 2A]7F B A Fth A|A X ECL kit(GE healthcare

amersham™ , Fisher scientific, UK) & 3tH-& A}8-3}o] wll

BSA 8M S 2 blocking 3} T}l Mouse anti SOD, Nrf2
antibodyZ ¥ T A oA 1417} HHA] & PBSR 5371 3
3] A& 3}t Goat anti mouse IgG-Alexa 4881} Texas
Red(Abcam, USA)E il A-2ofA 147 WA & PBS
2 AHsT uege stk LSM700
microscope(Zeiss, Germany)oj| 4 4008} vj& = W25}4

=3

confocal

5. By
AFQlT) AE AEE L 919 WST-1 assay9} 41
o}

A 7]A FolS $J3t Western blotting 4] A=
SPSS Windows 20(IBM Co, USA)E o]-&3lo] v HA]

Shon], ANY mYO] YUY BARAL o] §

o

m 2 3

L =9 PAsA Ao mE 23U &7 A=A

o gk AFSFAIQL celecoxibo] A2 A& Bt
£ glstaral, A A0 F7]A)320] 100 uM Hy0,
S A Agste] AskE AEfAE {E5)
celecoxib SFERIE F215l7] Y3l = FASHA
A=A F71AM3200 2Hzr Asidiet. A A<
Z7)| Mol HEZAME FE8k= HiOyE A 2okl Az
g #wET A3, HOE A 2|8kA] -2 normal 17|
frojulstAl AlsAbd o] doldS &Ikl th(Fig
1, p<.001). FEf& ZH|A % normal TLFHTE ALY
F7F Aloem HAAl Aol HAEI AFd
Z71M1229 A7t FotA Al2E77E f15E FHA
H3te = Sl

F4E3EA Q1 celecoxibol] TEh HAMEL H=E &Qlstal

=

B E My Rl

=

=
A wEE AP & M2 AEES WST-1 £4HZ 53
ZFol3FitE 10 mM celecoxib= 584 GH O 7 njx

=5
o] g3le] 1, 1, 10, 100 M =2 FAstgon, ]+
Al E7|AEol| et Fakst 28-S Felstax s

E AZAFE oA AeE AT 1 A3 As=dd
.1 uM celecoxib & 2] 24A17F & HO,0F & 28t o 2o
v 2| FQld E71A2e] AEEo] FevlstA S8t

Row, celecoxib A 2] FrE7t FoldeE XAl &
7IM329] Abdo] A= A HThp<01). 100
uM oA} 13E 9] celecoxibo| A= I E7|A|E
o Az gEEC] Faste FAol TEEUSU
WST-1 £4 A3} HO0,9 A 2fgh o) s §2]u
gk Zpol 5 HAtHp<01). AnFE 2 FejA wstoA=
A A F=Ad E71ME] F WSk glooy dF A
F7F &A= 59 viulgt e warp HEE o
(Fig 1).
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Fig 1. The cell viability of dose—dependent celecoxib (.1, 1, 10, 100 M treatment on the growth
of hPDSCs in H202-induced oxidative stress, The images represent untreated, H,O,,
different dose of celecoxib treated groups after 24 hours, Using the WST—1 assay, the
quantification of cell survival as a ratio compared to the control group. The data presented
as the mean * SEM from three independent experiments (*p{ .05, **p{ 01, ****p{ 001,
Scale bar: 100 um)

2. Celecoxibe Mol wbE Farst 4714 MAUZE Bl S5, AE Az Fad Axal
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Fig 2. Activation of SOD results in reduction of ROS generation in hPDSCs following celecoxib
treatment. The images represent immunohistochemistry at different dose of celecoxib
treated groups after 24 hours. Texas red with DAPI showed the expression of the SOD in
cell cytoplasm, hPDSCs were incubated with H202 oxidative stress in the presence or
absence of celecoxib (.1, 1, 10). In western blot with antibodies against SOD and g —actin,
the quantification of protein levels of SOD expression was normalized to g —actin, The
data are presented as mean *= SEM from three independent experiments (*p{.05 and
**p(.01 compared to the control group, Scale bar: 100 um)
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W A demeld B4 1FRch @4 dad
Ao PAETh WST-1 BANS 55 2elgt Al
AP oA &35 ®2 2l 137 1 uM celecoxibE= SOD T
el Bjohs B B FOIT Aol
Qkch. SFH, celecoxib # 8] 24A]7F & SOD
ZOZUP 2 gk gjzof =[Sl 10 uM celecoxib
BER 57}s}°ﬂn}<mg 2 p<05)
Al ] SOD wa HoFAk
glsh At *ﬂix‘oﬂ/ﬂ el
é—g— H,0,9F %] 2|3k df 2o
Al Eol= Al W SOD & <
o] WEElon, A2 £k Fols AR HAAth
e, 13} 10 uM celecoxib #] 2] 1E o A= A|3E2] SOD
o] Autaor Frishes o] BEE e, o=
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?13t7] 93l ROS &
E& W= Nif2E 2SI
o, ROS9| £4F g ato] st 2]

QI eh 571"1]:'54 Nrf2 '8 ZhpAd o] H,OF 2 2] gt o

2ol A [FoSHA st th(Fig 3, p<0l). 124

Nrf29] W& =52 H0, 1F°] Hla 10 pM celecoxib
A LFolA FostAl 7t Thp<.05).

Aol e Ea A ) Nrf2 U REPAS

AP AR gelstglen, e Rt oR

z

Z-o A normal Z1FH T Al
| Al W Nef2 i FAfo]
Soov], Bees @uE 9o 25 FolE Ay
ch HFH, 10 uM celecoxib & 2] 1F A= A X
Telo] Autoz Nadoa A F71 =
o] ¥hzhE] 3l th(Fig 3).

o o o 2
Z
5o

%
o,

Celecoxib 1uM Celecoxib 10pM

Celecoxib 0.1uM

Fig 3. Activation of Nrf2 expression results in antioxidant effect in hPDSCs after dose—dependant
celecoxib treatment, The images represent immunohistochemistry of Nrf2 expression at
different groups. Alexa 488 with DAPI showed the expression of the Nrf2 protein in
hPDSCs. The quantification of protein levels of Nrf2 protein level was normalized to
—actin using western blot analysis, The data are presented as mean £ SEM from three
independent experiments (*p{.05 and **p{.01 compared to the control group. Scale bar:

100 um)
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A 2 F¢1 274 E(hPDLSC) 9] A|EAE-S %o}
A 2R Q] uty] B &Alg WAF3) HHo] QQoug
SEY S AgollA A2 EAE Fol7] AT 71E wA
UEAT7E o] FolA ghom 2F224] A Qo] &
83 ggo] B A el Bl 2AFeHE YA =
o] grgo] A EaL chMerkel 5, 2019). sFAI 9k, &
7Rl AR oJsto A A f-8Ad ol EE ke Tl A
of Fe3s|a Uot. wﬁd ol ¥ shu= A A+
o E71A41322] A ﬂ g 2 A W AzEe] HiRE A
o AEY RS JFor o] Hojof HEEo] Wol &
= 22 Yy A= = 313}7] o Fo|th(Hu & Li, 2019).
ofof & AtollAd= A AFAH EVIHE AtsF AE
gL melof A FAFSHA celecoxib A 2ol WE AHJE Ap

Hol4) EIS BQIShT S AP BAS BY AZ

rlo

ol Z7|HE A7l M, F4 U 23} 5
AA 22 A A2 oo Atk Zhao 5, 2020). THAFS}
Ta(H0,), sto| =54 gz 9 i SARO|E o] &
of oJsf AFQlth E7IA|xEoflA &= ROS o] =
EItH(Chen %, 2019). 715 H,0,= Ag} AEHAE §4F
Sk in vitro Ao A FHASHA| AFR-E| AL gl o, o]
+ ROS 1}¢) "ﬂ*} D AW A4S Bro] A= QI3 A

3yokd S+t olo] At E3], HO,= 2 1%t
ROSE §us wﬁ} AAY AE AR
AbStA Al £2AMS GESHK(Vergara S, 2012).

Adderley®} Fitzgerald(1999)+«= 10& %<t HyO0,(504 mol/L)
of =&H 9 A ZAEZAA A2 Z A A A (free
radical scavenger)E A|5l= COX-29] Hralo] S =53
b H sk Ea, ofe] o] HmeA g A
QOl(LPS, TNF-¢ S)o] ROS &S SE511 COX-2
WHE WA FINE PAS FEGL BISD
?1 6 (Chanani 5, 2002; Ling 5,
ofe] 74X AFoz furE of 1y
821 ROSYUS & = Utk & AFoA= g =

il

il

(.1~1,000 pM) 2] celecoxibe THE A2 A] 500 uM o]A}
Ak JdFEE AYsial Al A& 2 Fed st o
o

2w R A gkow, H0y0 93t 4kshy &4 f =
F .1 uM o]AF9] celecoxibed A%t Ax} {-u|st A
A A7 E71M2 AFEYA a5 E itk Romer

5(2013)2] Ato A COX-2 A A2l celecoxibe *] 2]
LPSE =% A A5l Afrobalzol A A5 Al
o|E7}Ql 9 RANK-LO| W&o 3l oA axts B
ol W algt T3, VR LA R E oA COX-2 A A
o} vlebyl Co] AHa] Al st =3} FAEF 2F2o)

2= 9 tH(Gugliandolo &, 2020). & Ao = As®
celecoxib®™ H,0,2 GEF AFS} AEF Ao Ygt 25
aysE  Hyowu, 0]=  human  neuroblastoma

cell(SH-SYSY) A|szofA] 6-OHDAo| ©|7t AFa}2] &=4F
S A EANE oA ATE 2l 10 uM =9 JASHT)
(Dassati 5, 2021).

=23 A4St 54 F sl SODE= 4SS WX 8}
7] Sl8l fm SOl = BT LS Fu 4 9l
Azl wael 7w AWMBAS EANanci &
Bosshardt, 2006). & ol A= 4Mek2A] Al EAFo A
MERZ COX-29A|A| celecoxib7} A X F2lt) Z=7]A)
29 HEAEE aAl7|T SOD BHE S7bshar
A3z 4] ROSY tf=F =41} caspase EAISl= DNA 7}
cho] wbnel MEAPES b3k AZIthLin 5, 2015)
Ee, BEZEo} Bt Agle] YRIL nEREo}
ELP“ 7ol *1«1 7% *% F&=3}al cytochrome c9f

=35}, cytochrome c&

"J@r 9 34 ui%*l':}lﬂ A%k AA nEFZE=E ol &
B FEsto] AlZAIE o] dojdti(Wang 5, 2018).
ALAT celecoxibi= H0.0 ool F=H A2 H4d
AASHA A8t A= W ROS =2 3F4=9F SOD

J

, °l=

Singh 5, 2014). Nrf2&= 3}41st 9 gl= G405 G519
Al ROS ®fojof #ojst= Fa3F A 2HA4R |
ST QIckChiu 5, 2017). Egh, A4l uheelol,
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of|(Zhuang 5, 2019), celecoxib®] d}Ats} Eﬂ}b 2
T RERAOTLE AKUNMR ASAE AJAHS 3
4 Aoz 7R B AToAE s
Aol gt Al AR E7141 29 Nif2
dol 0t A2t Aol A FosHA
L}, 10 uM celecoxibe # 2] 1E oA Nrf29] 2Hd
kAl F7hds  wESEIth Sima *(201 )% N
knockout B0l A AlZFSE oA ALSHA &
Rem, 7ol A= FoloA A== A
&40] Z7h8E sHlstel Nifol ol Ha 1
Bslch oflat Nif2e] Ag8 Wk AAK o=
A8t Al71aL AtakA 9] 7]eS gk, Nr
s A7l it 4 sl A 4 o
WzhE nebd B A ATtE vhe
Ed o] tfste] celecoxib7l A l—zr"JEH Z7
55 e sHe Ao FEH, B ATE A5
A AP AEY A B 2d Y EY ALY Exit
AYUZ oAl celecoxib®] FHAMSHA 227 H&
=& =74 ek Alsstsl
A} AEH AL B0l 4 @l
23 F4E 251 A5 Aol WHSH
o] Qa1 (Varela-Lopez 5, 2015), A X520t &7|
= A 7|6 22 YA O R scaffold I 7Ho]=
A Aot Aesto] chia Rk A A7k A
o7 & A AFAY E7HZE AFAHYLE 9
F G883 Apgor 7FEsto] 2o (Kim 5, 2016; Seo
5, 2004), FA7HA] DA mIAlEHE o 4tsE AEH AR
13 %xﬂ, 27 Aol Aget AL ATHoI,
shARE, & AFAT AA AFdd E71AIE
celecoxib FAFSHA| 2 2= 2| F224] 9] AFhE] &4FS
A ATl Eﬂ*ﬂiii ! —E—i}oﬂ o

2 AzZtE ol oy} xE
42, ool 2T @A in vivo AEE £
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