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Evaluation on oxidative stress and damage of body-defense-cells caused by
monomers and consideration of protective methods
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Monomers in dental resins irritate oral tissues. The purpose of this study
was to evaluate effects of IC50 tri-ethelenglycol di-metahcrylate (TEGDMA) on gene expressions of
lipopolysaccharide (LPS)-stimulated monocytic THP-1 cells. We compared gene expressions of two
samples, namely (i) THP-1 cells stimulated with LPS for 4h (Control) and (ii) those exposed to I1C50
TEGDMA for 24h and LPS for last 4h (Test) by DNA microarray analyses. Thirty four genes of Test were

up-regulated more than 5-fold, relative to those of Control (p<0.05). The up-regulated genes of
Test had two characteristic biological processes, namely xenobiotic metabolism (e.g. AKR1C1 and
GSTA4 genes) and anti-oxidative stress (e.g. NQO1, GPX3, and SELM genes). These gene expressions
were confirmed by quantitative real-time RT-PCR analyses.
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31.7 AKR1C1 AA594609
270 DD; DD2; BABP; DDH2; - U05598
Al819386
DD; DD2; BABP; DDH2;  M33376
AKR1C1; C9; DD1; DDH; INM_001353
chlordecone reductase hc S68290
PDF; MIC1; PLAB; MIC-1 AF003934
TLT4 H53073
TPD52L1; D53; hD53; MG NM_003287
TLT4 H53073
c—hluPGFS; DD3; HAKRB AB018580
RPP38 AL134489
AKR1C2 BF508244
SELM BF973568
PIR NM_003662
H 36-2; HFL2; H36-2; H f X56210
AF1Q; RP11-316M1.10 BC006471
TRIM16; EBBP NM_006470
OKL38; BDGI NM_013370
CLEC5A; MDL1; MDL-1; tNM_013252
1d-1H; ID; ID1 D13889
AA236463
SLC6A6; TAUT; MGC106 NM_003043
AF288406
ID3; HEIR-1 NM_002167
NMT2 NM_004808
NQO1 Al039874
LY96; MD-2 NM_015364
HSPC065 BG054922
AKR1C1 BC014579
GPX3 NM_002084
SIDT1; SID1; SID-1; FLJZNM_017699
C200rf139 AL121758
DTD; QR1; DHQU; DIA4; | BC000906

Gene expression

Description

nl99b02.s1 NCI_ CGAP_Co10.Homo sapiens cDNA clone IMAGE: 1058763 3', mRNA sequence.; A
oxidoreductase, cytosolic protéin; Human dihydrodiol dehydrogenase mRNA, complete cds.; aldg
wj79e08.x1 NCI.CGAP_Lu19 Homo sapiens cDNA clone IMAGE:2409062 3', mRNA sequence.; H
pseudo——chlordecone reductase; Humanpseudo—chlordecone reductase mRNA, complete cds.; 4
synonyms: G9, DD1, DDH, DDH1, H-37, MBAB, HAKRC, MGC8954, 2-ALPHA-HSD, 20-ALPHA|
chlordecone reductase homolog [clone HAKRg) [human, liver, mRNA, 1158 nt].; aldo—keto reduc]
PDF; Homo sapiens prostate differentiation factor mRNA, complete cds.; growth differentiation
yq83f02.s1 Soares fetal liver spleen INFLS Homo sapiens.cDNA clone IMAGE:202395 3’, mRNA
synonyms: D53, hD53, MGC8556, TPD52L2; isoform 1'is encaded by transcript variant 1; tumor|
yq83f02.s1 Soares fetal liver spleen INFLS Homo sapiens ¢cDNA eclone IMAGE:202395 3', mRNA
Homo sapiens mRNA for hluPGFS, complete cds.; aldo—keto reductase.family 1, member C3 (3
DKFZp547L045_r1 547 (synonym: hfbr1) Homo sapiens cDNA'clone DKFZp547L045 5, mRNA s|
UI-H-Bl4—aga—b—02-0-Ul.s1 NCI.CGAP_Sub8 Homo sapiens cDNA clone IMAGE:3089210 3', m
602242731F1 NIH_.MGC_46 Homo sapiens cDNA clone IMAGE:4331335 5', mRNA sequence.; Se
go_component: nucleus [goid 0005634] [evidence TAS] [pmid 9079676]; go_function: irdn.ion bi
H.sapiens mRNA for complement Factor H-related protein 1, clone H'36-2.; complement factor
Homo sapiens ALL1—fused gene from chromosome 1g, mRNA (cDNA clone IMAGE:2823316), wil
synonym: EBBP; estrogen—responsive B box protein; go_component: cytaplasm [goid 0005737]
synonym: BDGI; isoform 1 is encoded by transcript variant 1; bone marrow stromal cell-derived|
synonyms: MDL1, MDL-1, CLECSF5; myeloid DAP12-associating lectin—1; C~type (calcium dep|
cell cycle dependent gene transcription factor; Homo sapiens mRNA for 1d—1H, complete cds.; i
zr66f11.s1 Soares NhnHMPu_S1 Homo sapiens cDNA clone IMAGE:668397 3, mRNA sequence.;
synonyms: TAUT, MGC10619; go_component: membrane [goid 0016020] [evidence IEA]; go_col
Homo sapiens G protein interaction factor 2-like mRNA sequence.

synonym: HEIR-1; go_component: nucleus [goid 0005634] [evidence IEA]; go_function: transcrip
N-myristoyltransferase 2 (NMT2); go_function: transferase activity [goid 0016740] [evidence I
0x97¢05.x1 Soares_senescent_fibroblasts NbHSF Homo sapiens cDNA clone IMAGE:1664264 3
synonym: MD—-2; go_component: plasma membrane [goid 0005886] [evidence TAS] [pmid 10359
nac92c01.x1 NCI.CGAP_Brn23 Homo sapiens cDNA clone IMAGE:3441769 3', mRNA sequence.
Homo sapiens cDNA clone IMAGE:3681108, partial cds.; Aldo—keto reductase family 1, member
go_component: soluble fraction [goid 0005625] [evidence TAS] [pmid 3619451]; go_component:
synonyms: SID1, SID-1, FLJ20174, B830021E24Rik; go_component: integral to membrane [goid

Homo sapiens NAD(P)H dehydrogenase, quinone 1, mRNA (cDNA clone IMAGE:2901105), conta|
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Gene | Control | LPS4h | LPS24h| 3G 4h | 3G 24h LPS4h | LPS 24h
AKR1C1 1 2.3(0.3) | 1.7(0.2) | 3.2(0.3) |10.9(0.5)| 5.8(1.4) | 7.1(1.5)
NQO1 1 2.2(0.1) | 4.2(0.1) | 8.4(2.0) |181.0(2.6)|42.2(4.6)| 51.4(7.8)
GPX3 1 1.4(0.2) | 2.9(0.3) | 0.9(0.1) |26.3(0.6)| 24(3.2) | 22.1(3.4)
GST4A 1 1(0.1) 2(0.1) |2.1(0.2) | 7.6(0.4) | 6.7(0.7) | 6.8(0.9)
SELM 1 1.0(0.1) | 1.1(0.1) | 1.8(0.1) [14.9(0.9)| 16(1.7) [19.8(2.7)
TNF 1 14.6(0.3)| 6.2(0.7) | 7.5(1.2) | 8.0(0.1) | 6.2(0.4) | 8.0(1.1)
IL1B 1 128.9(8.31115.0(7.6) 1.8(0.2) | 4.1(0.4) [27.9(0.7)( 20.1(3.3)
IL6 1 221.3(4.38320.7(9.9 1.5i0.02i 7.5i0.1i 2.9(0.5) | 2.3(0.5)
NFKB1 1 11.4(1.7)] 2.9(0.2) 1.1(0.1) | 0.7(0.1)




TLEFAUBIEE |

TEGDMA / HEMA

NADPH + H* NADP* cell membrane l
///‘
6ssG| > 5/ Gsh T e
i) \// '
ﬁ1b&7ll«9=f'7}'z BREITNEFAY Pi3-K S ROSIE > DNA —
NFxB | | i
T/\ /\/”W\/ M /q/'\j\u i ERK12 p38 JNK  Oxy-DNA |
" J Cytokine
r Surface Antigens wi Cell Cycle«
v g EERME-D)-STHLOHEE i
)\/\/\ /Y ~om fuvei  ApoOpLoSiS Mutation
Nt o 4 B 1t Cell Proliferation
3 4 TEGDMA GSH
H. H. M. ﬁ esterase HD\\ 2 & D\ &
H_C//L\C/c'\C/Cko/c\ﬁ/°\/°¥a/°\ ¥ i K\O/C\ﬁ/ K\m
S £ L, i Triethylene glycol ]
- n,c//\c/ i 4+ o™ :\cym =
[ Methacrylic acid
aldo-keto reductase (AKR)
| - 11
CH, oH CHy CH
| W H W | AKR |
H\/“\w/“\C/\O/C\S/“\c/c\o/“‘\/"“r‘ P g e e
By i l L
LR L B E KB IET FLTER Fa—L
5 TEGDMA  AKR
— )
CS:2:> + HOOC\/\/“\NLH\,COOH
NH, H
Y LRFA (GSH)
TNEFAINSGIRTF—E
(GST)
SHIES 1 E
(GERIGE AR T)
GEX RY-TLEFAAE
asX )
S
GS-X HWCAﬁNanCOOH
NH, H
#rast ﬂ!ﬁv
6 GST
*k+EE
EStAE A S | 1% 5 —HFe)
FTARLY—¥
SOD-(Mn)
SOD-(Cu,Zn) Wl n
(Se)
(o) ¥> —’ e R
2 2

:|::r~JI;¥ Y
EERKD
RE, BE
-o
BIHR ~>

%

6SS6
44
®-maA ]
711;5'-3‘3]‘/ TS FF+

* NAD(P)H
=
2



5 5 0 2

Ikeda K, Sugawara S, Taira M, Sato H, Hatakeyama W, Kihara H, Kondo H. 11

Ectopic bone formation in muscles using injectable bone-forming material consisting of cross- 2019

linked hyaluronic acid, bone morphogenetic protein, and nano-hydroxyapatite

Nano Biomedicine 11-20
DOl

https://doi.org/10.11344/nano.11.11

Takemoto S, Sasaki K, Sugawara S, Saitoh S, Sawada T, Taira M, Tanabe K, Yoshinari M, Hattori 782

M, Jansen JA, Leeuwenburgh SGG.

Loading of fluvastatin onto gelatin-coated titanium implants. 2018

Key Engineering Materials 233-237
DOl

Takizawa N, Okubo N, Kamo M, Chosa N, Mikami T, Suzuki K, Yokota S, Ibi M, Ohtsuka M, Taira M, 358

Sasaki D, Yaegashi T, Ishisaki A, Kyakumoto S

Bone marrow-derived mesenchymal stem cells propagate immunosuppressive/anti-inflammatory 2017

macrophages in cell-to-cell contact-independent and -dependent manners under hypoxic culture

Experimental Cell Res. 411-420
DOl

10.1016/j .yexcr.2017.07.014

Hatakeyama W, Taira M, lkeda K, Sato H, Kihara H, Tekemoto S, Kondo H. 15

Bone regeneration of rat critical-size calvarial defects using a collagen/porous-apatite 2017

composite: Micro-CT analyses and histological observations

J Oral Tissue Engin. 49-60

DOl




Ikeda K., Taira M, Yokota J, Hattori M, Ishisaki A, Kondo H.

Effects of addition of nano-hydroxyapatite to highly-pressed collagen on osteogenic 2016
differentiation in osteoblastic Sa0S-2 cells.

Nano Biomedicine 91-100

DOl
https://www.jstage.jst.go.jp/browse/nano

49

2019

67

2016

Saitoh S, Sasaki K, Taira M, Hottori M

Molecular orientation and surface properties of gold-deposited titanium following alkanethiol immersion treatment

International Dental Materials Congress 2016

2016




Takizawa N, Okubo N, Kamo M, Chosa N, Mikami T, Suzuki K, Yokota S, Ibi M, Ohtsuka M, Taira M, Sasaki D, Yaegashi T,
Ishisaki A, Kyakumoto S.

Mesenchymal stem cells educate undifferentiated monocyte/macrophages to the M2 macrophages in cell-cell adhesion-dependent
and independent ways

65 JADR

2017

74

2019

48

2018

BMP

46

2016







