2023-04 41(2) AT 11 = 2 4% & West China Journal of Stomatology

+165°

AU AERHBITHR T BALEAR TN B 205
A=t A=A L]k

I8 RZHAR MBE KT)KE
BINMEFEROIRES R « 0 lx42 WM Es R IAS LTS, AT 361023

HEE] BH AWSE B R RS s T LD BSS R BET, IHEE I A SRS (GO), RFSH A4
TN K S5 K9 22 D6 W20 B RAW264.7 B H AL IsE 0 . ik SE sy i ek dl (SS) . Ruaildl (CMS)
MR REEM GO 4l (GO-CMS), FIHHHH 7 RMsE (SEM). it fAlmiL, JE7F 0 B . X%
HL T RE TS 70 T (ORI 2 SR 5 b R R T (Y BRI PR B, 80 20 B TE M A . SEM RO L SR £ BB o 18
M R L 2R T 6 RAW264.7 1 41 i A= 024 AT A B2 i), 3k BT A1 PR R M W R i (TRAP) Sy oot e
TRAP 5 &G AN & e RS B 2 % (QRT-PCR) #F5% HXS E WA ik oAb 052, 558 B4
W& O REHES B RLG BDIR, B GO S5, APRIR & AR 2, kPRI, GO-CMS 21753 T8 i B 15 2
MIARFUIN, Hib, TRAP R ikt fie/l, TRAP A EHEMEW AR, GO-CMS 4 SR 7 B WA i 1o 3 5, (AL
HAUHOCE I ) RAME T SS A, 2RBAGIF#E L (P<0.05), it [FLO B HIA
TR AR ARG BB X TR, GO B MRS B A [m].C B G R i T 5L 20 A RAW264.7
ORI E

R s, FEOBRBEE; A a SR, BRI, et S
[FESFEE] R783.2 [XEFRER] A [doi] 10.7518/hxkq.2023.2022354 FRIRS (0STD)

Effect of graphene-oxide-modified osteon-like concentric microgrooved surface on the osteoclastic differentiation
of macrophages Wang Hong, Wu Qinglin, Lai Yingzhen, Cai Yihuang. (Dept. of Stomatology, Xiamen Medical Col-
lege & Engineering Research Center of Fujian University for Stomatological Biomaterials, Xiamen 361023, China)
Supported by: Natural Science Foundation of Fujian Province (2022J011408); The Natural Science Foundation of Xia-
men Medical College (K2021-06); The Xiamen Medical and Health Guidance Project (3502220214ZD1318). Correspon-
dence: Lai Yingzhen, E-mail: dentistyz@126.com.

[Abstract] Objective This study aimed to investigate the effect of new biomimetic micro/nano surfaces on the osteo-
clastic differentiation of RAW264.7 macrophages by simulating natural osteons for the design of concentric circular
structures and modifying graphene oxide (GO). Methods The groups were divided into smooth titanium surface group
(SS), concentric microgrooved titanium surface group (CMS), and microgroove modified with GO group (GO-CMS).
The physicochemical properties of the material surfaces were studied using scanning electron microscopy (SEM), con-
tact-angle measurement, atomic force microscopy, X-ray photoelectron spectroscopy analysis, and Raman spectroscopy.
The effect of the modified material surface on the cell biological behavior of RAW264.7 was investigated by cell-activity
assay, SEM, and laser confocal microscopy. The effect on the osteoclastic differentiation of macrophages was investiga-

ted by tartrate-resistant acid phosphatase (TRAP) immu-
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nofluorescence staining and quantitative real-time poly-
merase chain reaction (QRT-PCR) experiments. Results
Macrophages were arranged in concentric circles along
the microgrooves, and after modification with GO, the

oxygen-containing groups on the surface of the material
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increased and hydrophilicity increased. Osteoclasts in the GO-CMS group were small in size and number and had the

lowest TRAP expression. Although it promoted the proliferation of macrophages in the GO-CMS group, the expression

of osteoclastic differentiation-related genes was lower than that in the SS group, and the difference was statistically sig-

nificant (P<0.05). Conclusion Concentric circular microgrooves restricted the fusion of osteoclasts and the formation

of sealing zones. Osteomimetic concentric microgrooves modified with GO inhibited the osteoclastic differentiation of

RAW 264.7 macrophages.
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Tab 1 The primer sequences of osteoclastic differen-

tiation related genes

FEF SIFEE (57-37)

Acp5 F: CACTCCCACCCTGAGATTTGT
R: CATCGTCTGCACGGTTCTG

Mmp9 F: ATGTCACTTTCCCTTCACCTTC
R: TGCCGTCCTTATCGTAGTCA

Ctsk F: AATTATGGCTGTGGAGGCGG
R: TGCATTTAGCTGCCTTTGCC

Gapdh F: AAATGGTGAAGGTCGGTGTGAAC

R: CAACAATCTCCACTTTGCCACTG
. Gapdh, BEERTHIMEENEE (glyceraldehyde phosphate de-
hydrogenase )
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Fig 2 Contact angle measurement graph (left) and histogram (right) of the material surface
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Fig 4 RAW264.7 cell culture and osteoclast induction
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Fig 5 Proliferation assay of macrophages RAW264.7 on the sur-
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Fig 6 SEM of macrophages RAW264.7 on the surface of three groups of materials
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Fig 7 Immunofluorescence staining of macrophages RAW264.7 on the surface of three groups of materials
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Fig 8 Immunofluorescence staining of RAW264.7 osteoclast-induced TRAP on the material surface
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Fig 9 Quantitative detection of TRAP of RAW264.7 cultured on
the surface of GO-modified material induced by RANKL
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Fig 10 qRT-PCR to detect the expression of genes related to osteoclastic differentiation



24 i, A S SRR AE I 1 S A B TR X R AT R 0 A B i R

*]73

GO ME MR KA R AT A, BRI T 5ER
B A e B AR AE A, RIS R ERE . B
B PRI, N CCK-8 3 PRl W, & 4fi GO
JG RAW264.7 4016 B . BT, X SR REK
HRREABRKER, GO-CMS 45 CMS 4
L, &M GO Ja 4T 25 5y it AV, RAW264.7
W52 2 ) o 50 A 3 Al 1) HE 270 ok [0 [R5 B[]
U [BR] Bl 70 A  ARF Xo) F5 W  Jre d  rp = A
k%S, AL A ARG 2 BP0 52
Wel, KT O W Y A T S e, DT 4 o 248 e 7
el 5AZ R R 4 2R T TS A T AR 0 240
BRI kA, F— 2 AN M B, X T B
P E 2 T A0 M A K AR PR 2 TRDC B A 3 Al 3
KT HMLS o R A Al AR, 38 TR
T AE /K BE ST, GO WRZ 6 1 & L Al 15 44k
FM R AKER S, RO B ROARE A GO TR 2 X 4 A
TR A B, P RESE T B W40 i 0 1
BB

EL A7 K OB 5T 22O0E 52 GO A3 AR I 9 i
fRPERL R, BLAh, RPN EMIA GOME S
A RE AT DU HE B 40 M £E e R R M2 7 [ il AL,
GO XA —aE MIETTEN, Biif GOmKE
A MR AT DU S B AR AR M2 5 [ i fRRT, (H
GO X B 40 M 1 52 i 20 A5 38 . Dou S5 Y BF 5%
T GOE N AR, T LB Fr bt B A, iF
M HIIRE . Zeng FECEREFEAN A LB GO Xf
Tk B A M ) 2 B, B A AR AR B2 R
HEI GO 1T BB B 20 L IS SR I e it = B800
B 20 A R A R . GO #E I 4 i Y
B, XSO A 4 0 200 i B i e 9 2 MR
B S N T -«B R A2 1 55 BMSCs I RUE ShRE . 1LAh,
B I A P R A K R T s AR TN R K
B AT 1 A AR, X A AR R

P 7S 52345 B A 41, GO-CMS B AT 48 4 il
HIEIIRE, BIST TRAP L, Wils Tt
SAACHI DI Ak, ATRED R GO #8 KA1}k
PE(EAS F W20 I 525 5 i0E A VAR, T R 1 R G A
FHER ] T 58 Z2 08 A1 Rl 1% 5 58 440 15 1 1 4
M, A, GO REAL T ROy [ S TA A A d B 0 o 2L
S, WATRER N E REAN M N 7 GO, M fbfE I E
Wk 4 B T 265 A el ARt S T R 1 4 i A2
FH . Zhou FEIHAFFERIA, GUAN K THIE S AT LA
PR A I 200 if g M2 AR Ak, M2 Y I 40 A Bt
R AR R FEOCHEAE R, 2T A0 6 B A BT P
MR E A & GO, AR b kg .

Zi ERTIR, GO Y 2 B LA ] 0o 150 45 4 34
R BEEAKE, fE#E T RAW264.7 R3S 5, i
GO 5 Rl T 114 B AT o) B4 200 M0 il 515 o PAT X114
TR, BE— 2B s e AL, X e 2k RR AR Y
R E S S, JUHIE A TR AMAE S5 @5 2 40 )
B HA T RIS, AR TE R AR A
PEAR BERT IR B

Al R B AFHBERALAF R

(5% 3]

[11  Xu J, Zhang J, Shi Y, et al. Surface modification of bio-
medical Ti and Ti alloys: a review on current advances
[J]. Materials (Basel), 2022, 15(5): 1749.

[2] Wu X, Wang S. Biomimetic calcium carbonate concen-
tric microgrooves with tunable widths for promoting
MC3T3-E1 cell functions[J]. Adv Healthc Mater, 2013, 2
(2): 326-333.

[3] Zhang Q, Lin S, Zhang T, et al. Curved microstructures
promote osteogenesis of mesenchymal stem cells via the
RhoA/ROCK pathway[J]. Cell Prolif, 2017, 50(4): e-
12356.

[4] Zhou L, You J, Wang Z, et al. 3D printing monetite-coa-
ted Ti-6Al-4V surface with osteoimmunomodulatory func-
tion to enhance osteogenesis[J]. Biomater Adv, 2022, 134:
112562.

[5] Boyan BD, Berger MB, Nelson FR, et al. The biological
basis for surface-dependent regulation of osteogenesis
and implant osseointegration[J]. J] Am Acad Orthop Surg,
2022, 30(13): e894-e898.

[6] Liao B, Xu C, Wang Z, et al. Preparation of chitosan-tan-
nic acid coating and its anti-osteoclast and antibacterial
activities in titanium implants[J]. J Bone Miner Metab,
2022, 40(3): 402-414.

[71  SulJ, Du Z, Xiao L, et al. Graphene oxide coated titani-
um surfaces with osteoimmunomodulatory role to en-
hance osteogenesis[J]. Mater Sci Eng C Mater Biol Ap-
pl, 2020, 113: 110983.

[8] Dou C, Ding N, Luo F, et al. Graphene-based microRNA
transfection blocks preosteoclast fusion to increase bone
formation and vascularization[J]. Adv Sci (Weinh), 2017,
5(2): 1700578.

[9] Brénemark R, Branemark PI, Rydevik B, et al. Osseoin-
tegration in skeletal reconstruction and rehabilitation: a

review[J]. J Rehabil Res Dev, 2001, 38(2): 175-181.



«174-

AT 11 = 2 4% & West China Journal of Stomatology

2023-04 41(2)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[19]

Young PS, Tsimbouri PM, Gadegaard N, et al. Osteoclas-
togenesis/osteoblastogenesis using human bone marrow-
derived cocultures on nanotopographical polymer surfac-
es[J]. Nanomedicine (Lond), 2015, 10(6): 949-957.

Feng X, Teitelbaum SL. Osteoclasts: new insights[J]. Bone
Res, 2013, 1(1): 11-26.

Portes M, Mangeat T, Escallier N, et al. Nanoscale archi-
tecture and coordination of actin cores within the sealing
zone of human osteoclasts[J]. Elife, 2022, 11: €75610.
Amarasekara DS, Yun H, Kim S, et al. Regulation of os-
teoclast differentiation by cytokine networks[J]. Immune
Netw, 2018, 18(1): e8.

Zhang Y, Chen SE, Shao J, et al. Combinatorial surface
roughness effects on osteoclastogenesis and osteogenesis
[J]. ACS Appl Mater Interfaces, 2018, 10(43): 36652-
36663.

Zhou Y, Tang C, Deng J, et al. Micro/nano topography
of selective laser melting titanium inhibits osteoclasto-
genesis via mediation of macrophage polarization[J].
Biochem Biophys Res Commun, 2021, 581: 53-59.

Yu X, Xu R, Zhang Z, et al. Different cell and tissue be-
havior of micro-/nano-tubes and micro-/nano-nets topog-
raphies on selective laser melting titanium to enhance os-
seointegration[J]. Int J Nanomedicine, 2021, 16: 3329-
3342.

Makihira S, Mine Y, Kosaka E, et al. Titanium surface
roughness accelerates RANKL-dependent differentiation
in the osteoclast precursor cell line, RAW264.7[J]. Dent
Mater J, 2007, 26(5): 739-745.

Davison NL, Su J, Yuan H, et al. Influence of surface mi-
crostructure and chemistry on osteoinduction and osteo-
clastogenesis by biphasic calcium phosphate discs[J]. Eur
Cell Mater, 2015, 29: 314-329.

Shin SY, Han DH. Influence of a microgrooved collar
design on soft and hard tissue healing of immediate im-
plantation in fresh extraction sites in dogs[J]. Clin Oral
Implants Res, 2010, 21(8): 804-814.

Geblinger D, Zink C, Spencer ND, et al. Effects of sur-
face microtopography on the assembly of the osteoclast
resorption apparatus[J]. J R Soc Interface, 2012, 9(72):
1599-1608.

Nagayama K, Hanzawa T. Cell type-specific orientation
and migration responses for a microgrooved surface wi-
th shallow grooves[J]. Biomed Mater Eng, 2022, 33(5):
393-406.

[22]

[23]

[24]

[25]

[26]

[27]

[30]

[32]

Hu P, Gao Q, Zheng H, et al. The role and activation
mechanism of TAZ in hierarchical microgroove/nanopo-
re topography-mediated regulation of stem cell differen-
tiation[J]. Int J Nanomedicine, 2021, 16: 1021-1036.
Zhang X, Aoyama T, Yasuda T, et al. Effect of microfab-
ricated microgroove-surface devices on the morphology
of mesenchymal stem cells[J]. Biomed Microdevices, 2015,
17(6): 116.

Selaru A, Herman H, Vlasceanu GM, et al. Graphene-
oxide porous biopolymer hybrids enhance in vitro osteo-
genic differentiation and promote ectopic osteogenesis
in vivo[J]. Int J Mol Sci, 2022, 23(1): 491.

Liu M, Hao L, Huang Q, et al. Tea polyphenol-reduced
graphene oxide deposition on titanium surface enhances
osteoblast bioactivity[J]. J Nanosci Nanotechnol, 2018,
18(5): 3134-3140.

Fu C, Yang X, Tan S, et al. Enhancing cell proliferation
and osteogenic differentiation of MC3T3-E1 pre-osteo-
blasts by BMP-2 delivery in graphene oxide-incorporat-
ed PLGA/HA biodegradable microcarriers[J]. Sci Rep,
2020, 10(1): 6249.

Sun J, Li L, Xing F, et al. Graphene oxide-modified silk
fibroin/nanohydroxyapatite scaffold loaded with urine-
derived stem cells for immunomodulation and bone re-
generation[J]. Stem Cell Res Ther, 2021, 12(1): 591.

Han J, Kim YS, Lim MY, et al. Dual roles of graphene
oxide to attenuate inflammation and elicit timely polar-
ization of macrophage phenotypes for cardiac repair[J].
ACS Nano, 2018, 12(2): 1959-1977.

Hung HS, Kung ML, Chen FC, et al. Nanogold-carried
graphene oxide: anti-inflammation and increased differ-
entiation capacity of mesenchymal stem cells[J]. Nano-
materials (Basel), 2021, 11(8): 2046.

Zeng Y, Zhou M, Chen L, et al. Alendronate loaded gra-
phene oxide functionalized collagen sponge for the dual
effects of osteogenesis and anti-osteoclastogenesis in os-
teoporotic rats[J]. Bioact Mater, 2020, 5(4): 859-870.
Xue D, Chen E, Zhong H, et al. Inmunomodulatory pro-
perties of graphene oxide for osteogenesis and angioge-
nesis[J]. Int ] Nanomedicine, 2018, 13: 5799-5810.
Tylek T, Blum C, Hrynevich A, et al. Precisely defined
fiber scaffolds with 40 pm porosity induce elongation
driven M2-like polarization of human macrophages[J].

Biofabrication, 2020, 12(2): 025007.
(RS kK



