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ABSTRACT

Objectives: This study aimed to investigate the cytotoxicity of Nexus RMGIC, an indirect restorative cement, on cell survival rate
and reactive oxygen species (ROS) production in periodontal stem cells (PDSCs). Methods: PDSCs were incubated with serially
diluted Nexus RMGIC eluates with and without the addition of N-acetyl-cysteine (NAC). Cell survival was determined using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The ROS generation was determined by measuring the
fluorescence intensity for 2',7'-dichlorofluorescin diacetate. Results: Nexus RMGIC exposure decreased cell proliferation and cell
survival rate in a dose-dependent manner (1.8, 114, 1.2, 1:1) in PDSCs. The cytotoxicity of Nexus RMGIC was inhibited by treatment
with 10-mM NAC. In addition, the production of ROS was detected by immunofluorescence after PDSCs were exposed to Nexus
RMGIC. However, ROS generation was significantly suppressed in the NAC pretreatment compared with the Nexus RMGIC group.
Conclusions: Nexus RMGIC increased the cytotoxicity and ROS generation. ROS was involved in Nexus RMGIC-induced cell toxicity.
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RMGICA|9] 7Hd-EAlk= 7174 UlollA -Bali=A] ol &84 A=rF =2 4 wlzoll 212 /d FHollA] 50% o/d A= 1] QITH3].

RMGICAH| A[HIE= GIA| AIIEC] o} 3 X (acylic resin)< M7t A|g0] o] x]3k-g 712 7] (matrix), Bei(filer), ZEA], 7HA]
A 502 Fd=|o] QleHa-6]. 2|7 AHE. 7] AJE-L triethylene glycol dimethacrylate(TEGDMA), 2-hydroxy-ethyl methacrylate
(HEMA), urethane dimethacrylate(UDMA), bisphenol A glycidyl dimethacrylate(BISGMA), bisphenol A S} 22 T S 2 F1/d H of
AL, o] FFAE2 o] B2 74 Ul & A7 =52 49 AR 2 HEE78]. o] T 7129] 2 /2] HEMAS TEGDMA=
QR 2 7V Wol WEk= 229 Aotrlike Bl ALA 0= X|pAlaEo] leEE 7 Al AME S R=5kH[10,11], AlZof| A Ak
O] Y F7HAIA M2 437 oA 9l Al Apol] ofgttH12,13]. HEMASF TEGDMA R =] A8t AE AL Alolli 54 54 &
WS Hol| I HEF7] S A o2 RRSHH5,6,14]. £35], HEMAS] A[&2]Q1 leE2- A i dah 22 dej7) vhg-2 et &
Alol] S3F Ld2j 2|l o= A1-gstof thefdt F-Fo] A2 8HARI HEg-2 o7 |EHH15,16]. HE5F, E@HdE Fotoll ofs EH 2l TRl X
A|zol|A AFel/ehel He S T ASH] &2 skl Al Ul m|EZEgote] 715 o2 oI 2l TegAol oot Ml &4
gollA AtsHEr 9] Bt Tt EdAtAZ (reactive oxidative stress; ROS)S A8l SAJAAZ JCHEH|Z Qls) M2 &3-S
Aok SFEx]2(glutathione; GSH)Z ZHAAIA Al APHo]l o] 27 gHtH{12,17,18]. o2t 2HgollA] FAtsHA| & skl N-acetyl-
cysteine(NAC)S] A x| = | 4=Al| 20| A 2 Pﬂ ek 2 qukE] = n) g C 2lofo] ejabd 1k ojAsla, TAYARE BAAES HH Ao
= AASAG SFERX22] HA9] AEhS slo] At FFEX]2L] S HEoto] Al AFES ARG A ATH19,20]. o)= 2
A g o ofot MlApE A ZAditad °l Q5| Tofdtthe Z1e AlARRH: SEAIRE X| Aol A= 2l 7[Rt Al &of Heish dAtag:

ZAof| Thgt A7} o B3 “"40]1’4

34 Q1 RMGICA 7Hd45-8 AJHIE 5 5hLR] Nexus RMGICE 248t A /g, ZEsh 2|4 ZA3d 502 Qlal x|t 2/ ol
A 2] AH-EIt}. Nexus RMGICGE= HEMA, Ytterbium trifluoride(YbF,), 2-hydroxy-1,3-propanediyl bismethacrylate, (1-methylethylidene)
bis[4,1-phenyleneoxy(2-hydroxy-3,1-propanediyl)] bismethacrylate= 7/d =] o] 121, o] F HEMAS] 743 H|&-0] =A| XFA|$Ht. Nexus
RMGICe]| 22 ZFA|5HAL 3l= HEMA= 2| 522410 HEMAZ}F 214524 0 2 1S5 739 AlaLo] 7] 5old2 Zafisto] Al APES st
7] wiizell Nexus RMGIC] QHg/g-2 A28 wolA] 3717 e st

_E

_l

ool & Aol|Al= THeEE A2 Al AHEE]= Nexus RMGICS] MEAYESHA EAJ-& SR1el 12} X525 7] A| 220 RMGICAH AlRIE
5 A 85}o] Al APEA = Bolsla, FHAREHA| 0] NACS S8l Nexus RMGICO] 9J3h A3 APEo| ZHAdAbA A4 o] 7]ofahex] Eelslaat
ik
ol

1. 3 A4

£ A= 2R sty FEioto] @ A AlMLE (RMGIC)S] Al S-S EhRIsHaLAt x| 325 7] M| 220] Nexus RMGICS ‘=3 A7 Al A
& wistet @ikag o) A Wbkt shlck

2, fnfj= 9l g

1) A2 ufek

£ Aol ARSE A= IRB 49] #1320 shtdato] 00chshal AYH-2-2] 93] Alo]wA(1041493-E-2020-001) & BH 2|55 7| AL
(PDSCs, periodontal stem cells) 24 %] & 52 0 2 BEASH A1 47X of| A 2|51t 228 225191 2™ Fluorescence-activated cell
sorting(FACS) #ATHE Falf X|4Refl S7]M|22] A4S ERISh A|2EStolt}, b R 0 2 2535t |27 M EE Aldf viddste] A

Z1345191 21 10%9] fetal bovine serum(FBS, Gibco, Rockville, MD, USA)2} 100 pg/ml penicillin/streptomycin(P/S, Gibco, Rockville,
MD, USA)e] Z&HH a-Minimum Essential Medium(a-MEM, Gibco, Rockville, MD, USA) 22 Bl 3ith. 2327 | ME= 6well plateo]]
2X10°, 96well plateot] 1 X 102 =50 244]2F 52 37°C, 5% &=2] CO, incubator(VS-9160C, Vision Scientific, Daejeon, Korea)ol Hi
st
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2) FEAE L AAL 2R

2527 |MEZ 6well plateo]] 2 X 10°2 2535101 244175t HsH & M| 27} 60-80% *37d51H51S ™ Nexus RMGIC(Kerr dental, Orange,
CA, USA)E A 2sl3it}. Nexus RMGIGE AlHE Al&fsto] 2851l om, okExg)s It Al 35X 2 mme] teflon ringell Nexus
RMGIC(Kerr dental, Orange, CA, USA)E 9] S3kgo] 28] dojd wj7h2] 4stAZ] &, 1 mLe] serum free a-MEMERA]of] 24A]7¢
Eok doi 37°CollA] ZAIA 1:1 3|4 4L vkSIch21]. Aol A2jst7] a) 1:1 3]4198S- 0.2 ym syringe filterS o]-85}0] ofuiat &, 206
9] fetal bovine serum&} 100 pg/ml penicillin/streptomycing Z&5t a-MEM BiA|1 S 7}F5}o] 28l 522 53 5| QH(1:1, 12, 1:4, 1:8)S
Thso] FH]E Aol 24417 F2t o viFstal 7t 5= Nl E/dS 215 PAFeHAIQ] N-acetyl-cysteine(NAC, Sigma, Saint Louis,
MO, USA)2 Hatd 70l =21 2, 500 mM9] stock 84S TH50] AFEsHgl o HIZIE o]&5te] 10 mM NAGS 302 HA=|et £,
Nexus RMGIC &&H& 5= = Ad]sto] MZAME A& W ST /S T6IITH22).

I NEYEE &%

2527\ M| 25 96well plate?] 2} welloll 1X10* = 25510] 24A|7F 5t vl YRt S M3 0) /42 | 2| & A A5kl FH]2 Nexus RMGIC
AHO| 8EME(1:1-1:8) 7 HEE 2 24417 52t 225tk NACS A3 2]gt TEolAl+ 10 mM NACE 302 *]2]3t & Nexus RMGIC
SEANS 2 2259t 28] &, WST-1(EZ-cytox cell viability assay kit, Daeil Lab, Seoul, Korea) 10 p%} 25507 1A]7F 5t Hk-g-
Al7]21 ELISA reader(Multiskan FC, Thermo Fisher Scientific, Waltham, MA, USA)E AF&3}0] 450 nm ool A S8 =S S7d5kal A
E5f = HESE S70IH

4) EAEZT A ER

25271 ME5 6well platec] 2x10°0) 2710 2 RZ31of ME7}80% 3745122 ™) Nexus RMGICE 1:1-1:8 8% 3|40 & 2|5t &
/3% &79:k4F-S DCFDA/H2DCFDA-Cellular ROS Assay Kit(ab113851, Abcam, Cambridge, UK)E ©]-8-5t0f #&5}{ct. NACS 14
23k 2F0llM= 10 mM NAGS 30:2 %1213 % Nexus RMGIC &= 3|4 2lg S22 BRAIZI HHg- &, Al 2AR] AAZ A 22] /5
MG AA Z, Kite] bufferz 19 AlA5}HaL 20 uM 2, 7-dichlorofluorescin diacetateS- 455 7+ 2] 2|51aL LA buffer® 22} Al 25T A2
W %2 A]71 DCFH-DA<= Olympus IX71(Tokyo, Japan)E- ©]-8-5t0] #&silom A2 i E/ditad U F e s 7F 1582 v wsieict
Image ] X2 1713 A}85to] AAE AJaLo] g5 2|86t 3l o m AJaE UjollA] E/dAtAE-S F57HA17]+= tBHP(tert-Butyl hydroperoxide)
£ PR = ARG5S

3. 22N

iz A5 B4 2)8] ke 54 =2 33491 GraphPad Prism(GraphPad, CA, USA) £3}| One-way analysis of variance
(ANOVA) statistical methodZ ©]-8313it}. AE A% 2 2= Dunnette] BH-S ARSI Bt ot EFEHAH= 33] o)4fe] Sl AlFe]
A F3l AFEston p0.05e SARH e 2 foldo] Sl Aoz WSSt

a el |
1. Nexus RMGICO]| 2|t X|F==7| M| AIH
AT ek Ch2 7 Nexus RMGICE) 557} Z7Fstol wet x1%:27) M) MZA 8cell fiber)7H 9125 A2 Basiglom ME 47}
]

ashs 2 ERI5klt<Fig. 1A>. Nexus RMGICY] =7t 37185 2| FE7| Ao g&go
£35] 1:2, 1:1 Nexus RMGICOllA= 50-90% o)A M| Abdo] Z13)E 71 2elsigict.
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Fig. 1. The cell viability of PDSCs exposed Nexus RMGIC. PDSCs were exposed to different eluates of Nexus RMGIC (1:1-1:8)
for 24 h. Representative images are shown in (A). (B) Cell viability of PDSCs exposed to Nexus RMGIC eluates analyzed by
WST assay. Nexus RMGIC decreased cell viability of PDSCs in a dose-dependent manner. Data indicated as percentage
relative to unexposed control group (100%). p<0.05, "p<0.01 compared with control group (only medium).

2. SHLUAZE H|70]| /St Nexus RMGIC MIE AFE =3} X

Nexus RMGICOl| 2]t 2| 7| H|32] A3 AP o] 8/g ka0 A/g o] Trofoh=A] ERletalat /g iHang2] Al| 71411 NAGE x| x5
¥ Nexus RMGICE Foloto] x|557|A|329] Felisha] Hsle} Mla AJE8-5 WST-1 A1 0 & S1RIsIQiticFig. 2>, 11 Aoj|A] Hi= e}
Z¥o] Nexus RMGICS] 5E (118, 1:4, 112, 1:1) |2 545 et At 527t 37188 2|55 7| M| 28] Abdo| fojulaiA| S7teh= &F
&S ERIsH3it £3, 112, 1:19] Nexus RMGIC £ 3|4 HijZ| & X|FE7| M| 220 24417 A 2]5t312 wjoll= 39, 3%2] Al2EAFH o] S35}
Al FRI=] A 0 A|zo] Pl M) /e TE=| It ¥H, <Fig. 2B>0ilx1e} Zo] 10 mM NAGE F] 2]t 1-FollAf= Nexus RMGIC ]
2jof] oJgh A| 3z APET} A3z e B0]7F AAIE-S EI5kITE 500 mM NAC stocks HIZ|E o]-85to] 10 mM &= 2 3]Asto] 2|5&7 A
3of| 302 HA]2J5+ 5 Nexus RMGICE % E4(1:8, 114, 1:2, 1:1) 2 x]2)sto] M| 5445 75t A} 99%, 80%, 72%, 65%2] A|iE AHZEE
< e 0 2 A] NACo| 2J3l Nexus RMGICE fE]= M2 54 §3+E A F}i = ERI5IQIT: 53], Al APE o] S50 Tt

AT 1:4, 1:2, 1:12 5] A3 Nexus RMGICO]| 2J3H M2 EA4]o] FR|5HA| ZHAash= 218 ER15H T 10 mME M2 2]siA] &= 153} vyl
2w X FE7|M|22] FelA RISk nlu|st 7 0 & HEE|QIT). o]eh 2 Ak X FE 7| M| ZEo)| A Nexus RMGICO 9]t A2 Apdol) 2
AbAZo] Q3 5SSttt 1S Boj&tt

3. Nexus RMGICO]| 2|5t Mt %E MM
2|27 M3 A Nexus RMGICO]| 2]l &/gAtAZ o] A e =%] &Rl5}7| QJsto] &/dikihzo] o3l &3S U= &291 DCFH-DAZ
O Al

oz e AR ) (e 04‘*04‘3174—&9—“’]0} l:}<Fl 3> | FZ7|HZEE Nexus RMGICE A 2|5t E/dataZo] AIAA|IQI NACE #1412
5} Nexus RMGICE- £0{3t & ¥HelE]= SAJARAZS TS5 T Nexus RMGIC 3]A410-2- NACO]| 2Js M| AJZ-g0| tZ+1t SALS}

Al fAEE 5= 14, 1-8% A+g3to] BAdataF /93 NAC % 2o whe /g itad oA a3hs Hlarstara} sl <Fig. 3A>0llA Hi=
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Fig. 2. ROS were involved in Nexus RMGIC-caused cytotoxicity in PDSCs. Representative images are shown in (A). (B) The
cell survival rate of Nexus RMGIC in the presence or absence of 10 mM NAC was analyzed by WST assay. Data indicated
as percentage relative to unexposed control group (100%). p<0.05, "p<0.01; N.S: not significant
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A Nexus RMGIC
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Fig. 3. Nexus RMGIC increased ROS generation in PDSCs. Representative images of fluorescence for DCF-DA (green),
a ROS probe. The exposed cells to Nexus RMGIC (174, 1:8) alone (A) and Nexus RMGIC (1:4, 1:8) following 10 mM NAC
showed different fluorescence intensity. The statistic number of fluorescence positive cells were counted using image J.
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22 Al 2 B 8L Xt I Gl 45 ARLE, Hul4RE, THBYA| 502 oA o] 2oix| 1 AR, 2|
A 7RF 20 7] 5 ATl H Bl R Ejolo] Wefel MekE §us AIBHY AER|AS S7HIA AE AFEE Uo7 A
o2 YeiA IeH2031L

£ 704 AF83F Nexus RMGICE 2121 2814 Zejiotol 0 um ARIE 24 773 ol 23 =2 FYLE/ 94510l 1482

AR QAollAe] AL L7 A5 AL 4 2ehs HEMAS) vl go) -2 x|ziatgol7] mhol x|4-HEof chet g 717
Yog 7102 Y7k, hep £ Aol Nexus RMGICS] X527 |4 chet P42 71517] 9180 352 Nexus RMGICE 4
el A 54 3k SRUsIck A A Aol News RMGIC 12, 119] 85918 50 g ofis 2k gre cht
o] ]38 2} 50% o1 4] A|TANE] UofS PaGLOM E5), 1:10] 5ol 59m]ke) A E AE8-2 HI3Heick. ot Bandarra 1
B4 MEGICE) A MR 42 101, 1) 5120) M S ol ARU= ) Aol 4242t 2 ol News
RMGICO] §2-& 1527 |HZollA] el il 5l A 4 48 fs}gom, ol XI4-AEolA elaA] =20l ofd Al 4 2
- 2019} SASHIL20] HEMA A o552 15 A 5] 4400 A2 44 Sl 7 e} o l?lEH ] 5, Al o
=52 Q15 A2 % x4 AoHIE) AE SAJol FAAAFo] Thofstol X|4ule] g 2elshe 9P 1T ATH12,17,18)% Erl

[1
=]

Nexus RMGICZ QIgh A2z Apdo]] g/gitago] Tofoh=A] ZRlstazt st & dAoli= S/drtad xﬂZHOJ NACS] Zx{2]7}
Nexus RMGICo| 2J5H 2|27 | M| 229] MIZE AFES 3006 o)/ #A|51A] At 22 2R1e 4= /131t £35], NACS] H*{2] & Nexus RMGIC
145 2]t AgiolAe 2ot 5AA 0 &2 f-olu|et o7} glie Hmo] Al AP o] §3kE Yehfgl o, 7P 15l Ii1oM T
65% 2] Al|22 JEE-S SRISHITY. Jiao LE[20]0lA = 2 TEA7E 2| 4= Al zol|A] F ok A 2] AlZtoll mhE AliE APE-S fidea, NACA
=7} Rk of] o5k A3 AFE-S AA[Scka HuEedch. o]+= Nexus RMGICE 1k Al A28 7HAS NACO] YA[sH= &

A} FAFSH B3 Nexus RMGICY] =7t 571l wie} X522 714|132 W) DCFH-DAS| 33 'alo] 7= 21e ERls }04 Nexus
RMGICe]l 9t /dAtaZ A4S TR 9E NACS HAf2]gh 749 249 4kAE 430 Nexus RMGICO) oJ5) R E/dakago] 4
x| Hot-fofustA| 2Haghe 2RIsI3iT o= Nexus RMGICE * 2]5}A] g2 tiZ2wte] 4=2]2t 2to] 7} il o] 2 gt gthexusRMGIC
7t &Atage] S S7H7IH A EAAtago] AFET M 54 Gt Yo7 ZE onlitt. Schweikl 1E{32]0lA=
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