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Abstract

Several features of the implant surface, such as
topography, roughness, and composition play a
relevant role in implant integration with bone. This
study was conducted in order to determine the
effects of different-coatings on Ti surfaces on the
biological responses of a human osteoblast-like cell
line (MG63). MG63 cells were cultured on HA (Hyd-
roxyapatite coating on Titanium), Ano (HA coating on
anodized surface Titanium), Zr (zirconium-coating on
Titanium), and control (non-coating on Titanium).
The morphology of these cells was assessed by
SEM. The cDNAs prepared from the total RNAs of
the MG63 were hybridized into a human cDNA
microarray (1,152 elements). The appearances of the
surfaces observed by SEM were different on each of
the three dental substrate types. MG63 cells cultur-
ed on HA, Ano, Zr, and control exhibited cell-matrix
interactions. In the expression of several genes were
up-, and down-regulated on the different surfaces.
The attachment and expression of key osteogenic
regulatory genes were enhanced by the surface
morphology of the dental materials used.

Keywords: Titanium, HA coating, Gene expression
profiling, cDNA microarray

Titanium (Ti) and its alloys have been widely used

for implants that interact with bone ceifsvitro and

are made with Ti alloys. However, the exact effect of
Ti on osteoblasts is still unknowh Successful ap-
plication of such materials for bone regeneration
often involved mixing with autogenous bone, a sour-
ce of osteoblastic cells and precursors

Surface topography may affect the formation of a
fibrous capsule around implants, inflammatory res-
ponse at tissugmplant interface, fibroblast attach-
ment, angiogenesis, epithelial doygrowth around
percutaneous devices, and many cellular processes
such as cellular differentiation, transcription, cell
metabolism, protein production, and phenotypic ex-
pressio®57. Diverse implant surface may contribute
to the regulation of osteoblast differentiation by infl-
uencing the level of gene expression of key osteo-
genic factors®. Morphometric analyses had shown
differences in bon@mplant contact percentages with
the varying of surface characteristics, as well as a
sensitivity of cells to surface topograghy Gene ex-
pression in response to the placement of implants
with different surface topographiés®. Biomaterial
composition and surface topography regulate cell
attachment, focal contact formation and cytoskeletal
organization with longerm effects on osteoblastic
cell maturation, and subsequent mineralizdtion

We hypothesized that differenbatings on Ti sur-
face conditions would be associated with differential
bonematrix gene expression and interfacial streng-
ths, which may lead to the development of more ad-
vanced therapeutic prosthetic interventions associated
with dental implant therapy and tissaeagineering
biological applications.

Scanning electron microscopic (SEM) examina-
tions revealed morphologic differences on Ti surfaces
(Table 1). Figure 1 is scatter plot for comparing the
expression profiles of differerdoatings on Ti and
control. Regeneration analysis of Z scores from two
independent samples of different ceraitatings on
Ti and control were performed and Z scores of
individual genes were plotted. To obtain a molecular
portrait of the relationships between the metabolisms
associated with experimental group, we used a hie-
rarchical clustering algorithm to group genes on the

in vivol. For decades, maxillofacial, and orthopedic basis of similar expression patterns and the data is
surgeons have placed implants, screws and platespresented in a matrix format (Figure 2). Each row of
and prostheses to substitute lost teeth, to fix boneFigure 2 represents the hybridization results for a
fragments, and to replace joints, respectively. Also, single DNA element of the array and each column
many surgical instruments, such as drills and sawsrepresents the expression levels for all genes in a
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Table 1. The surface morphology & characteristics.

[«}]

Coating Surface morphology

Non-coating
Control on Titanium
6
HA coating on Control
HA Titanium

(b)

HA coating on anodized
ANO surface Titamium

Ano

Zr Zrconium coating

on Titanium Control

~

*Magnification 3000x, Ti surface morphology using a scanning (c)
electron microscopy (SEM).

single hybridization sample. The expression level of &
each gene was visualized in color, relative to its me-
dian expression level across all samples. Red repre
sented expression greater than the mean, green re
presents expression less than the mean and colc
intensity denotes the degree of deviation from the
mean. Gray represented the median expression leve Control

Distinct samples representing similar gene patterns_ . ) i
from control cells were aligned in adjacent rows. The Figure 1. Scatter plots for comparison of expression profile

. . : . between control and different coating on Ti surface. Ex-
cells included in this map were samples from right pression profiles of control (Necoating on Titanium) versus

experimental and control group. Coordinately expre- giterent coating on Ti surface on MG63 cells. (a) HA (Hyd-
ssed genes were grouped into clusters, which wereroxyapatite coating on Titanium) on MG63 cells versus
named on the basis of the cellular process in whichcontrol; (b) Ano (HA coating on anodized surface Titamium)
the component genes participated in. The clustergranon MG63 cells versus control; (c) Zr (Zrconium coating on
revealed that clusters of genes related to progressiocgggt'gr;‘():act’tr(‘er'\g%?sO‘;el"sﬁ"zegé‘rfesc;r”;:ﬁ'tﬁéemsigr%";:‘ra"’;f %‘{e
were up and dowrregulated in exp_erlmental group, yalues are corrected intensities relative to control, represent-
as compared to control group (Figure 2). Table 2ing |evels of expression for the DNA elements of the micro-

shows the expression of various genes in different Tiarrays.

surfaces compared with the control group.

effects of different metals requine vitro andin vivo
Discussion biological tests of any medical or dental device be-
fore its definite use in humans. Biological testing of
The frequently observed unwanted biological medical and dental devices is necessary in order to
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Figure 2. Molecular portrait of different Ti surfaces on MG63 cells. Cells were treated with different Ti for 72 h. Microarray

data from controls (Nowgoating on Titanium) and HA (Hydroxyapatite coating on Titanium), Ano (HA coating on anodized
surface Titamium), or Zr (Zrconium coating on Titanium) treated cells were combined and clustered. Cluster analysis was
performed on AZransformed microarray data using two separate programs available as shareware from Michael Eisens’ lab.
Each gene is represented by a single row of colored boxes; each experimental sample is represented by a single column. The
entire clustered image is shown on the left. Full gene names are shown for coordinately expressed clusters, containing genes
involved in osteointegration.

evaluate the biological behaviour of biomaterials. cultures, several genes were-nggulated or down
Osteoblastic cells began to secrete several extracelluregulated (Figure 2). These genes were categorized
lar matrix (ECM) proteins. They will also attach on depending on their functions, as follows (Table 2).

the implant surface and are necessary for adhesion The bone morphogenetic proteins (BMPs) are a
due to their specific binding to cell surface receptors.family of secreted signaling molecules that can in-
The formation of cell attachment to the alloys seemsduce ectopic bone growth. Many BMPs are part of
to be slower than on pure Ti. A reasonable explana-the transforming growth factdreta (TGFB) super-
tion for this observation is that the formation of €ell family. BMPs were originally identified by an ability
implant contacts may be hampered on rough sur-of demineralized bone extract to induce endochondral
faced®®while Carinciet al?° and Lossdorfeet al?* osteogenesim vivoin an extraskeletal site. Based on
demonstrated that surface roughness affects proliferaits expression early in embryogenesis, the BMP en-
tion, differentiation, local factor production. And coded by this gene has a proposed role in early devel-
alkaline phosphatase, osteocalcin, and Transformingopment. In addition, the fact that this BMP is closely
Growth Factor beta were increased on the rougherelated to BMP5 and BMP7 has led to speculation of
surfaces. We also attempted to determine the effectpossible bone inductive activi8?3 In our experi-

of different implant surfaces on the phenotype andment, we noted the upegulation of BMP8 and
gene expression of MG63 cells. In the experimentalBMPR2 on HA surfaces, and an -uegulation of
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Table 2. Up-and down-regulated Genes of MG63 on different-coated Ti surface.

Regulation profile and Z-ratio

Genes Abb
HA ANO Zr
interferon regulatory factor 7C IRF7 3.96 0.81 1.35
transforming growth factor, beta receptor 11 (70-80 kD) TGFBR2 3.48 0.77 1.13
cyclophilin-like protein CYLP 3.39 0.97 0.53
microsomal glutathione S-transferase 2 MGST2 3.35 0.61 1.09
bone morphogenetic protein 8 (osteogenic protein 2) BMP8 2.94 0.82 0.81
protein tyrosine phosphatase PTP 2.82 0.81 0.85
cyclophilin USA-CYP 2.78 0.48 0.43
requiem, apoptosis response zinc finger gene REQ 2.57 0.57 -0.39
GCNL1 (general control of amino-acid synthesis, yeast, homolog)-like GCN1 2.55 0.62 0.67
proteasome (prosome, macropain) subunit, alpha type, 2 PSMA2 2.49 1.20 2.28
v-maf musculoaponeurotic fibrosarcoma (avian) oncogene homolog MAF 247 -0.13 0.59
core-binding factor, beta subunit CBFB 2.40 1.24 1.73
BMPR-II precursor; bone morphogenetic protein type Il receptor BMPR2 2.35 1.20 151
ubiquitin-conjugating enzyme E2A (RAD6 homolog) UBE2A 2.30 0.59 0.14
tumor protein p53-binding protein TP53BPL 2.29 1.09 0.70
brain-derived neurotrophic factor BDNF 2.29 1.02 0.72
sterile 20 (oxidant stress response kinase 1; yeast Sps1/Ste20-related kinase 1) YSK12.22 1.10 0.43
GTP-binding protein Ran/TC4 RAN 2.21 0.23 0.08
small inducible cytokine subfamily B (Cys-X-Cys), member 14 (BRAK) SCYB14 2.18 -253 -1.64
interferon (alpha, beta and omega) receptor 1 IFNAR1 2.17 0.80 -2.12
deoxyribonuclease I, lysosomal DNASE2 2.14 1.04 -181
prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and PTGS22.12 -0.03 -0.10
cyclooxygenase)
tyrosine kinase 2 TYK2 2.11 1.00 0.37
general transcription factor IIF, polypeptide 2 (30 kD subunit) GTF2F2 2.09 0.19 0.53
jun activation domain binding protein JAB1 2.05 4.48 5.50
small inducible cytokine A7 (monocyte chemotactic protein 3; Mcp-3) SCYA7 201 -0.26 0.49
Janus kinase 1 (a protein tyrosine kinase) JAK1 2.00 0.11 0.81
upstream transcription factor 2, c-fos interacting USF2 -3.00 -3.12 -2.68
tumor necrosis factor receptor superfamily, member 6; apoptosis (APO-1) antigen 1 TNFRSE&4 —-0.62 —0.04
cytochrome c¢ oxidase subunit Vlic COX7C -264 -0.82 1.14
clusterin (complement lysis inhibitor, SP-40,40, sulfated glycoprotein 2, CLU -2.62 -0.28 0.03
testosterone-repressed prostate message 2, apolipoprotein J)
paired box gene 5 (B-cell lineage specific activator protein) PAX5 -2.57 0.13 0.48
coagulation factor Il (thrombin) receptor F2R -249 -0.30 -0.15
TATA box binding protein (TBP)-associated factor, RNA polymerase Il, G, 32kD  TAF2G —2.44 0.73 -0.15
forkhead (Drosophila)-like 1 FKHL1 —2.44 0.14 0.18
v-src avian sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog SRC 237 0.53 0.75
interleukin 1 receptor, type | IL1IR1 -2.28 0.05 0.23
integral membrane protein 2B ITM2B -228 -1.18 -0.98
defensin, alpha 5, Paneth cell-specific DEFA5 -2.25 -0.35 0.04
mitogen-activated protein kinase 13 MAPK13 —-2.23 -0.04 0.22
synaptophysin SYP -2.17 -0.67 0.16
mitogen-activated protein kinase kinase 1 MAP2K1 -2.07 -0.84 -0.38
interleukin enhancer binding factor 1 ILF1 -2.04 0.18 0.43
proteasome (prosome, macropain) subunit, alpha type, 1 PSMA1 0.29.61 5.03
caspase 1, apoptosis-related cysteine protease (interleukin 1, beta, convertase) CASP1 83.23 2.18
Bruton agammaglobulinemia tyrosine kinase BTK 0.77 3.21 2.35
adrenergic, beta-2-, receptor, surface ADRB2 -1.91 3.21 1.75
singed (Drosophila)-like (sea urchin fascin homolog like) SNL 0.20 3.04 2.18
thyroid stimulating hormone receptor TSHR -0.23 2.68 1.60
chemokine (C-C motif) receptor 5 CCR5 1.05 251 2.55
frataxin; Friedreich ataxia FRDA 0.65 2.26 0.98

tumor suppressing subtransferable candidate 3 TSSC3 1.72.09 0.98
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Table 2. Continued.

Regulation profile and Zatio

Genes Abb
HA ANO Zr
growth arrest-specific 6 GAS6 1.86 2.08 0.85
farnesyl-diphosphate farnesyltransferase 1 FDFT1 1.052.04 0.88
Bcl-2-like 11 (apoptosis facilitator) BCL2L11 0.64 2.04 1.06
EphB3 EPHB3 0.04 2.04 2.46
DNA (cytosine-5-) methyltransferase 3 beta DNMT3B 1.29 2.00 2.33
amyloid beta (A4) precursor protein (protease nexin-Il) APP 1.096.65 —-4.94
MAX protein; helix-loop-helix zipper protein (max) MAX 0.53 -6.15 -—-4.24
fibroblast growth factor 12 FGF12 -0.05 -5.05 -4.80
retinoblastoma-like 1 (p107) RBL1 -0.61 -480 -5.02
G protein-coupled receptor 37 (endothelin receptor type B-like) GPR37 —-1.12 -4.70 -3.51
synuclein, alpha (non A4 component of amyloid precursor) SNCA -0.64 —-4.42 -3.67
selectin E (endothelial adhesion molecule 1); ELAM; CD62E SELE -0.75 —-4.39 -3.15
cyclin B1 CCNB1 -0.14 -4.02 -3.61
MAD (mothers against decapentaplegic, Drosophila) homolog 5 MADH5 0.283.76 —3.87
G protein-coupled receptor 9; CXCR3 GPR9 -0.16 -3.71 -2.66
TCR adaptor molecule cbl-b CBLB -122 -357 -3.71
claudin 3 CLDN3 -0.17 -342 -235
interleukin 12B IL12B -0.89 -3.31 -2.89
breast cancer 1, early onset BRCA1 1.45-3.30 —-4.22
midkine (neurite growth-promoting factor 2) MDK -0.73 -291 -2.67
Weel+ (S. pombe) homolog WEE1 0.61 —2.85 -2.15
small inducible cytokine subfamily A (Cys-Cys), member 17 SCYA17 -0.70 —-2.83 -1.41
tumor protein p53 (Li-Fraumeni syndrome) TP53 -1.07 -2.75 -2.60
fibroblast growth factor receptor 3 FGFR3 1.22-271 -2.42
ubiquitin specific protease 6 (Tre-2 oncogene) USP6 -165 —-261 -1.66
mitogen induced nuclear orphan receptor (MINOR) NR4A3 0.322.56 —1.88
erythropoietin EPO -0.63 -253 -2.22
small inducible cytokine subfamily B (Cys-X-Cys), member 14 (BRAK) SCYB14 2.18 -253 -1.64
MAD (mothers against decapentaplegic, Drosophila) homolog 6 MADH6-1.89 -251 -0.44
small inducible cytokine subfamily A (Cys-Cys), member 14; MIP-1 delta; HCC-1 SCYA14-0.76 —2.46 -—1.77
small inducible cytokine A5 (RANTES) SCYA5 0.87 —2.41 -1.63
CCAAT/enhancer binding protein (C/EBP), delta CEBPD 0.38-2.39 -1.59
cyclin A2 CCNA2 -1.46 -237 -1.66
apoptotic protease activating factor APAF1 -035 -2.33 -1.62
grancalcin GCL 054 -231 -114
vimentin VIM -0.20 -230 -2.82
collagen, type Ill, alpha 1 (Ehlers-Danlos syndrome type IV, autosomal dominant)  COL3A11.75 -2.28 -1.58
insulin-like growth factor binding protein 10 IGFBP10 —-1.18 -2.26 -1.95
SHIP; inositol polyphosphate-5-phosphatase, 145 kD INPP5D -0.16 -2.22 -1.04
immediate early protein ETR101 0.78 —2.20 -1.27
tumor necrosis factor receptor superfamily, member 1B; TRAIL receptor 2 TNFRSF1B 02820 -3.23
chemokine (C-X3-C) receptor 1 CX3CR1 0.35-2.20 -1.75
tailless homolog (Drosophila) TLX 1.17 -2.19 -3.75
heat shock 70 kD protein 1 HSPA1B 0.56-2.10 -1.10
damage-specific DNA binding protein 1 (127 kD) DDB1 0.13-2.06 -1.72
EphA3 EPHA3 -181 -2.04 -3.77
retinol-binding protein 3, interstitial RBP3 1.44 -2.03 -1.85
properdin P factor, complement PFC -0.61 -2.01 -1.34
chemokine (C-X-C motif), receptor 4; fusin CXCR4 -0.05 -2.00 -1.29
eukaryotic initiation factor 4A-I EIF4Al 0.11 1.82 3.21
interleukin 2 receptor, alpha CD25 -0.23 1.29 3.13
platelet-derived growth factor receptor, beta polypeptide PDGFRB 1.41 1.48.02
calmodulin 3 (phosphorylase kinase, delta) CALM3 -0.25 1.37 297
TIA1 cytotoxic granule-associated RNA-binding protein-like 1 TIALL 0.69 1.372.78
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Table 2. Continued.

Regulation profile and Zatio

Genes Abb
HA ANO Zr
protein phosphatase 1, regulatory subunit 10 PPP1R10 0.83 1.0066
lymphocyte antigen 64 (mouse) homolog, radioprotective, 105 kD LY64 1.22 0.72.58
zinc finger protein ZNF49 ZNF49 1.21 1.74 257
interferon regulatory factor 6 IRF6 1.74 1.07 2.55
major histocompatibility complex, class I, A HLA-A 0.32 0.69 2.48
major histocompatibility complex, class Il, DQ beta 1 HLA-DQB1 0.44 0.462.40
ubiquinol-cytochrome c reductase, Rieske iron-sulfur polypeptide-like 1 UQCRFSD50 079 231
catenin (cadherin-associated protein), beta 1 (88 kD) CTNNB1 0.56 1.02.30
bone morphogenetic protein 2 BMP2 0.35 1.49 2.19
villin2 VIL2 0.82 0.38 2.18
GDF-1 embryonic growth factor; cosmid R33485 containing pNORF1 GDF1 -0.21 119 215
primase, polypeptide 2A (58 kD) PRIM2A 1.63 0.57 2.14
phosphogluconate dehydrogenase PGD -0.41 1.45 2.06
suppressor of Ty (S.cerevisiae) 4 homolog 1 SUPT4H1 0.44 0.92.02
apoptosis-associated tyrosine kinase AATK -166 -0.72 -3.89
anti-Mullerian hormone receptor, type Il AMHR2 0.20-0.81 -3.41
ribosomal protein L7a; SURF3 RPL7A -060 -141 -3.15
platelet-activating factor receptor PTAFR 0.72-1.48 -2.88
transcription elongation factor S-11, hS-1I-T1 TEFS2 0.72-153 -2.74
neuronal thread protein AD7c-NTP AD7CNTP 1.24-0.52 -2.70
ferritin, heavy polypeptide 1 FTH1 0.93 -1.10 -2.67
nucle_lalr factor of kappa light polypeptide gene enhancer in B-cells inhibitor, NFKBIE 1.08.46 -2.61
epsilon
major histocompatibility complex, class I, DN alpha HLA-DNA-0.11 -1.85 -2.49
POU domain, class 2, associating factor 1 POU2AF1 1.351.49 -2.45
CAMP responsive element binding protein 1 CREB1 1.33 0.662.38
polo (Drosophia)-like kinase PLK 0.04 -1.80 -2.34
death effector domain-containing protein DEDD -129 -0.59 -2.25
interleukin 9 receptor IL9R -046 -133 -224
interleukin 9 IL9 1.02 0.75 -2.22
interferon-inducible 1-8D -035 -0.78 -2.19
complement component 5 receptor 1 (C5a ligand) C5R1 0.01 0.23.15
hepatocyte growth factor (hepapoietin A; scatter factor) HGF -099 -188 -2.14
BMP2 on Zr surfaces. sorption. Apoptosis, or programmed cell death, is

The FGFR (fibroblast growth factor receptor) characterized by the activation of cystein proteases
family members include FGFR3. The extracellular called caspases, which cleave proteins essential for
portion of the protein interacts with FGF, setting in the survival of the cell. A member of this family,
motion a cascade of downstream signals, ultimatelycaspasel, has been identified by its ability to prote-
influencing mitogenesis and differentiation. This olytically cleave and activate the inactive precursor
particular family member binds acidic and basic FGF of interlukinl, a cytokine involved in the processes
hormone and plays a role in bone development andsuch as inflammation, septic shock, and wound
maintenance. FGF was combined with BMP, FGF healing. This gene has been shown to induce cell
prevented the differentiating action of BMP. The FGF apoptosis and may function in various developmental
was loosely bound to the matrix. Also, FGF signaling stage&’. We founded the Ano and Zr Ti induced
inhibited expression of alkaline phosphatase (ALKP) apoptosis in osteoblasts in darvitro model system,
and blocked mineralization in osteoblastic ¢élltn and caspas# was involved in this process. The in-
our study FGFR3 and FGF12 were deregulated in  creased susceptitility to apoptosis of the less mature
cultures grown on Ano and Zr. osteoblast could have important consequenese for

Normal bone function is assured when there isbone remodeling.
equilibrium between bone formation and bone re- In our experiment, we observed several genes relat-
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ed with signal transduction for bone formation. How- been determined that bone formation induced by
ever the expression of these genes such as MAPK13psteoblastike cells at the implantell interface is
MAP2K1, G protein coupled receptor 37, and G pro- quite a complex process, and involves a host of cell-
tein coupled receptor 9 were different according to ular functions, including cellular attachment, migra-
differentcoatings on Ti surfaces. MAPK13 and tion, and proliferation, followed by the expression of
MAP2K1 have a member of the kinase family. MAP markers for osteoblast phenotype, and the synthesis,
kinases act as an integration point for multiple bio- deposition, and mineralization of the bone matrix
chemical signals and are involved in a wide variety of We believe that the data reported that the function of
cellular processes such as proliferation, differenti- the signaling pathway in osteoblast differentiation
ation, transcription regulation and developmeHi?4 may contribute to the identification of new therapeu-
In our experiment, we noted the dowagulation of  tics, for the treatment of poor bone quality. This study
MAPK13 and MAP2K1 on HA surfaces. CD183 is a may provide dentists with a great deal of useful infor-
G proteinrcoupled receptor with selectivity for three mation for the improvement of present biomaterials,
chemokines, termed IP10, Mig andAC. IP10, Mig as well as the future development of new bioma-
and FTAC belong to the structural subfamily of CXC terials.

chemokines, in which a single amino acid residue

separates the first two of four highly conserved Cys

residues. Historically, CD183 is the third CXC che- Methods

mokine receptor discovered and, therefore, com-

monly designated as CXCR3. Binding of chemokines Titanium Preparation

to CD183 induces cellular responses that are involved All Ti substrates were constructed from pure tita-
in leukocyte traffic, most notably integrin activation, niums. The materials were Ti discs with a diameter of
cytoskeletal changes and chemotactic migration.10 mm, a thickness of 1 mm, in a cahaped circle.
Inhibition by Bordetella pertussis toxin suggests that The Ti samples used in the experiments had different
heterotrimeric G protein of the Gubclass couple to  surfaces (control; nenoating on Ti, HA; Hydroxya-
CD183. Signal transduction has not been furtherpatite coating on Ti, Ano; HA coating on anodized
analyzed but may include the same enzymes thasurface Ti, Zr; zirconiuatoating on Ti). Zirconium
were identified in the signaling cascade induced bywas coated on titanium surface by using plasma
other chemokine receptors. As a consequence of chespraying, and Niobium was coated on titanium sur-
mokineinduced cellular desensitization (phosphory- face by using Physical Vapour Deposited (PVD) type
lation-dependent receptor internalization), cellular coatings by O.M.T. (Luebeck, Germany). Table 1
responses are typically rapid and short in duration.shows these surface properties. After surface prepara-
Cellular responsiveness is restored after dephosphtion, these samples were washed with distilled water,
orylation of intracellular receptors and subsequentand then rinsed thoroughly in 70% ethanol and abso-
recycling to the cell surface. A hallmark of CD183 is lute ethanol. Prior to cell culturing, the discs were
its prominent expressiom vitro cultured effector/  sterilized byy-rays.

memory T cells, and in T cells present in many types

of inflamed tissues. In addition, IP10, Mig ar@AC Cell Culture

are commonly produced by local cells in inflamma- MG63 cells were cultured on dental materials with
tory lesion, suggesting that CD183 and its chemokin-different surfaces (control, HA, Ano, and Zr). The
es participate in the recruitment of inflammatory MG63 cells (KCLB® Korean Cell Line Bank) were
cells'”. In our experiment, we noted the devegyula- cultured in (Dulbecco Eagle’s minimum essential
tion of G protein coupled receptor 37 on Ano and Zr medium, Biowhittaker, Belgium) MEM medium with
surfaces, and a dowmegulation of G protein coupled 10% fetal bovine serum, and antibiotics (Penicillin
receptor 9 on Ano and Zr surfaces. 100 U/mL and Streptomycin 1Q@/mL, Invitrogen,

We demonstrated that differecwatings on Ti sur-  Milano, Italy) were seeded at110¥/mL in a humidi-
faces were capable of modulating the expressions ofied atmosphere of 5% G@t 37C. These materials
some genes. Our results indicated that the gene enwere placed in a 2¢hultiwell plate (NUNCM, Den-
coding bone formatiomelated proteins was up  mark). 1 mL of cell suspension was applied carefully
regulated mainly in the HA and Zr cultures. Carinci to a 24multiwell and the cells had been allowed to
et al?® reported that surface topography exerted in- attach for 3 days to the MG63.
fluences on the frequency and amount of formed
bone, and that mineralized products can be guided byScanning Electron Microscopy (SEM)
the surface topography of the implant. It has also SEM (S4700, HITACHI, Tokyo, Japan) was em-
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ployed in order to determine the morphological cha- Hybridization and Scanning

racteristics of cells in culture. The advantages asso- DNA microarrays were prhybridized in hybridi-
ciated with SEM include its large depth of focus, high zation buffer containing 4.0 mL Microhyb (Invitrogen,
lateral resolution down to the nanometer range, theMilano, Italy), 10uL of 10 mg/mL human Cot 1
feasibility to study structures with high aspect ratios, DNA (Invitrogen, Milano, Italy), and 1QL of 8

and the direct production of surface images. mg/mL poly dA (Pharmacia, Peapack, NJ). Both Cot
1 and poly dA were denatured af@5or 5 min prior
Human cDNA Microarray to use. After 4 h of praybridization at 42C, appro-

A MG63 cDNA microarray was derived principally ximately 13 cpm/mL of heatenatured (9%, 5 min)
from a commercially available master set of appro- probes were added and incubation continued for 17 h
ximately 15,000 human verifiesequences (Research at 4ZC. Hybridized arrays were washed three times
Genetics, Inc., Huntsville, AL). The 15,000 human in 2X SSC and 0.1% SDS for 15 min at room tem-
cDNA clone set was sorted for a list of genes (1,152perature. The microarrays were exposed to phosph-
elements) representing families such as differen-orimager screens for-3 days, and the screens were
tiation, development, proliferation, transformation, then scanned in a FL-8000 (Fuji Photo Film Co.,
cell cycle progression, immune response, transcrip-Japan) at 5am resolutiod”-?¢
tion and translation factors, oncogenes, and mole-
cules involved in cell growth and maintenance. PCR Data Analysis
amplified cDNAs were spotted on nylon membranes. Microarray images were trimmed and rotated for
The general methodology of arraying is based on thefurther analysis using-Processor system (Fuji Photo

procedures of DeRisit al?®. Film Co., Japan). Gene expression of each microar-
ray was captured by the intensity of each spot pro-
RNA Preparation and cDNA Radiolabeling duced by radioactive isotopes. Pixels per spot were

The RNA was isolated from cultured cells which counted by Arraygauge (Fuji Photo Film Co., Japan)
adhered to the retrieved implants of different surfacesand exported to Microsoft Excel (Microsoft, Seattle,
(control, HA, Ano, and Zr) with Trizol (Invitrogen, WA, USA). The data were normalized with Z trans-
Milano, Italy). RNA was quantified via UV spectro- formation to obtain Z scores by subtracting each
photometry (spectrophotomet®XU650; Beckman, average of gene intensity and dividing with each
Somerset, NJ, USA). After quantification,18ug of standard deviation. Z scores provide each of 2,304
total RNAs prepared from the MG4éfated dental  spots (two sets of 1,152 genes) genes with the dis-
materials with different surfaces (control, HA, Ano, tance from the average intensity and were expressed
and Zr) were used for each sample for adjustment ofin units of standard deviation. Thus, each Z score
different cell numbers. To synthesi2®-labeled  provides flexibility to compare different sets of mic-
cDNAs, quantified RNA were labeled in a reverse roarray experiments, by adjusting differences in hy-
transcription reaction containing 5X first strand PCR bridization intensities. Gene expression difference as
buffer, 1ug of 24mer poly dT primer, 4L of 20 compared with untreated control cells were calculat-
mM each dNTP excluding dCTPpd of 0.1 M DTT, ed by comprising Z score differences (Z differences)
40 U of RNase inhibitor, AL of 3000 Ci/mmol a*P among the same genes. This facilitates comparing
dCTP to a final volume of 4AL. The mixture was each gene that had been-up downregulated as
heated at 6% for 5 min, followed by incubation at compared with the control cells. Z differences were
42°C for 3 min. TwopL (specific activity: 200,000 calculated first by subtracting Z scores of the controls
U/mL) of Superscript Il reverse transcriptase (Invitro- from each Z score of the sample. These differences
gen, Milano, Italy) was then added and the sampleswere normalized again to distribute their position by
were incubated for 30 min at 42, followed by the  subtracting the average Z difference and dividing
addition of 2uL of Superscript Il reverse transcrip- with the standard deviation of the Z differences. These
tase and another 30 min of incubation. Fikeof 0.5 distributions represent the Z ratio value and provide
M EDTA was added to chelate divalent cations. After the efficiency for comparing each microarray experi-
the addition of 1L of 0.1 M NaOH, the samples ment’. Scatter plots of intensity values were produc-
were incubated at 6& for 30 min to hydrolyze ed by Spotfire (Spotfire, Inc., Cambridge, MA)
remaining RNA. Following the addition of 2& of 1 Cluster analysis was performed on th&ahsformed
M Tris (pH 8.0), the samples were purified using-Bio microarray data by using two programs available as
Rad 6 purification columns (Hercules, CA, USA). shareware from Michael Eisen’s laboratory (http://
This resulted in & 10° to 3x 10’ cpm per reactiof. rana.lbl.gov). Clustering of changes in gene expre-

ssion was determined by using a public domain clu-



44 Mol. Cell. Toxicol. Vol. 3(1), 36-45, 2007

ster based on pair wise compldiekage cluster (2004).

analysig’. 9. Orsini, G.et al Surface analysis of machined versus
sandblasted and ae@tched titanium implantdnt. J.
Oral. Maxillofac. Implantsl5(6): 779784 (2000).
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