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Abstract : The purpose of this study was to determine the differentially expressed genes in human gingival fibro-

blasts (HGFs) cultured on titanium (Ti) substrata with topographies presenting microgrooves and acid-etched rough-

ness. Microgrooves were fabricated with a truncated V-shape in cross-section at 15/3.5, 30/10, and 60/10 µm (width/

depth) by photolithography. Subsequent acid etching was applied to the entire surface of the fabricated Ti substratum

to generate etched microgrooves and ridges (designated as E15/3.5, E30/10, and E60/10). Both smooth and acid-

etched-only Ti were used as controls (designated as NE0 and E0). Large-scale gene expression analyses were per-

formed using differential display PCR, and the results were confirmed using RT-PCR and quantitative real-time

PCR. Of the 21 genes with altered expression determined by differential display PCR and sequencing, we verified

through RT-PCR that MTDH and TIMP1 were up-regulated and TGF-β1, TPM1, and VIM were down-regulated in

the HGFs cultured on E60/10 versus NE0. We also confirmed, by quantitative real-time PCR, that MTDH and

TIMP1 expression in HGFs on E60/10 was significantly up-regulated compared to HGFs on the other Ti substrata.

This study indicates that acid-etched ridges and microgrooves on Ti with a width and depth of 60 and 10 µm (E60/

10) induce alterations in the expression of genes involved in cell adhesion, proliferation, and regulation of the

cytoskeleton in HGFs.
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1. Introduction

Fibroblasts, in response to substrata with microgrooves 1-

10 µm in width, change cell shape and increase formation of

focal adhesions,1 which leads to specific alterations in gene

expression.2 However, microgrooves with these dimensions do

not positively enhance fibroblast proliferation.3 Alternatively,

truncated V-shaped, etched microgrooves, at reasonable widths

and depths, with greater dimensions than the fibroblasts’ natural

widths, have been demonstrated to trigger cell proliferation by

allowing spontaneous cell crawling or migration down to the

bottom of these substratum surfaces.4 Acid etching following

microgroove fabrication on these surfaces was suggested to

play a positive role, and exert a synergistic effect, on promoting

fibroblast adhesion and proliferation.4 Additionally, titanium

(Ti) surfaces with etched microgrooves have been shown to

enhance osteoblastic cell adhesion and proliferation. Specifically,

Ti etched microgrooves 60 µm wide and 10 µm deep trigger

growth and proliferation of MC3T3 mouse preosteoblasts.5 Ti

substrata with this topography also significantly enhance cell

adhesion and alkaline phosphatase activity in both human bone

marrow stromal cells and human periodontal ligament cells.6

Large-scale gene expression screening using GeneFishing™

with specific annealing control primers (ACPs) was developed

to identify differentially expressed gene (DEGs) transcripts.7

Differential display PCR is unique because it uses hundreds of

arbitrary primers.8 However, non-specific annealing of the
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short and longer arbitrary primers is problematic and has

resulted in the development of a technique that uses a specific

ACP system, which reduces possible false-positive results.7

Here, using the simple and precise method of differential

display PCR, we attempt to identify novel genes that are

differentially expressed in human gingival fibroblasts (HGFs)

by topographical stimulation exerted by the combination of

microgrooves and acid-etched roughness created on Ti

surfaces. Because 60-µm-wide and 10-µm-deep etched

microgrooves have been verified as a potent promoter of

fibroblast adhesion and proliferation,9 we hypothesized that

over time fibroblasts cultured on this surface topography would

display differential expression of genes with functions that are

closely related to the corresponding cellular activity. We

serially confirmed differential display PCR results using RT-

PCR and quantitative real-time PCR. We established an

experimental design that can be used in future research to

identify alterations in the expression of genes under specific

conditions, including in stem cells in osteogenic culture on Ti

substrata with etched microgrooves and ridges. Specifically,

this design will allow us to assess whether these substrata can

be used for inducing faster and stronger osteoblastogenesis and

differentiation compared to smooth Ti.

The purpose of this study was to determine what genes are

differentially expressed in HGFs cultured on Ti substrata with

surface topographies consisting of a combination of microgrooves

and acid-etched roughness.

2. Materials and Methods

2.1 Fabrication of Titanium Substrata

Commercially pure Ti sheets (0.14 mm-thick, grade-2;

TSM-TECH Co. Ltd., Ulsan, Korea) that were washed and

dried in acetone and mechanically polished to obtain a finished

surface with Ra ≤ 0.1 µm, were used as smooth Ti surface

controls, NE0. The NE0 substrata were subsequently acid

etched with 1% hydrofluoric acid (HF) for 10 s and used as

another control group, E0. Photolithography was performed to

form truncated V-shaped surface microgrooves in cross-

sections of 15/3.5, 30/10, and 60/10 µm (width/depth) (Fig 1).

Details regarding the photolithography procedure are described

in our previous study.10 The entire surface of the fabricated

microgrooved Ti substrata were then acid etched using 1% HF

for 2 s (designated E15/3.5, E30/10, and E60/10) (Table 1). In

all experiments, fabricated Ti substrata were cleaned three

times in an ultrasonic device with sterile distilled water for 30

min, washed another three times using distilled water, and dried

at room temperature overnight prior to use.

2.2 Scanning Electron Microscopy

The surfaces of the fabricated Ti substrata were imaged using

scanning electron microscopy (S-800 FE-SEM®, HITACHI,

Tokyo, Japan). 

2.3 Cell Culture

Gingival tissues were acquired from patients undergoing oral

surgery for the removal of impacted wisdom teeth at the

Department of Oral and Maxillofacial Surgery according to

informed consent guidelines as prescribed in an approved

Institutional Review Board protocol at Kyung Hee University

Hospital at Gangdong, Seoul, Republic of Korea. HGFs were

cultured from the tissues as previously described.10 Cells at

passages 3-5 were used for all experiments in this study.

Figure 1. A schematic cross-sectional image and the structural

nomenclature of the fabricated microgrooved titanium substrata

using photolithography. The ridge width and groove width were

designed to be uniform in dimension. According to the isotropic

principle, the bottom width inside the microgrooves with trun-

cated V-shape can be calculated as (groove width) - 2(groove

depth). 

Table 1. Fabrication of titanium substrata with surface microgrooves and subsequent acid etching.

NE0 E0 E15/3.5 E30/10 E60/10

Groove width 0 0 15 30 60

Groove depth 0 0 3.5 10 10

Bottom width 0 0 8 10 40

Subsequent acid-etching non-etched acid-etched acid-etched acid-etched acid-etched

NE0, smooth titanium; E0, NE0 with subsequent acid etching; Eα/β, titanium substrata with surface microgrooves of α µm width and

β µm depth and with subsequent acid etching.
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2.4 Differential Display PCR

HGFs were seeded at a density of 2×105 cells/well and grown

for 48 h on 6-well Ti substrata NE0, E0, E15/3.5, E30/10, and

E60/10. We evaluated 120 arbitrary primers by differential

display PCR using GeneFishing™ (Seegene, Seoul, Korea).

Total RNA was extracted from the HGF samples using

Nucleospin (Macherey-Nagel, Neumann-Neander-str.,

Germany), according to the manufacturer’s instructions, and

stored at -80oC. The mRNA extracted from samples was used

for the synthesis of first-strand cDNA by reverse transcriptase.

Reverse transcription was first performed for 90 min at 42oC

and then for 2 min at 94oC in a final reaction volume of 20 µl

containing 3 µg of purified total RNA, 2 µl of 10 µM dT-ACP1

[5'-CTGTGAATGCTGCGACTACGATXXXXX(T)18- 3'],

4 µl of 5X First-strand buffer (Invitrogen, Carlsbad, CA, USA),

5 µl of 2 mM dNTPs (Invitrogen), 0.5 µl of RNase OUT (40 U/

µl; Invitrogen), and 1 µl of SuperScript III reverse transcriptase

(200 U/µl; Invitrogen). First-strand cDNA was diluted by

adding 80 µl of ultrapure distilled water for the GeneFishing™

PCR and stored at -20oC until it was ready for use. DEGs were

screened by the ACP-based PCR method using GeneFishing™

DEG kits (Seegene). Second-strand cDNA was synthesized at

50oC during one cycle of first-stage PCR in a final reaction

volume of 20 µl containing 5 µl of diluted first-strand cDNA,

2 µl of 5 µM arbitrary ACP-2, 1 µl of 10 µM dT-ACP2 [5'-

CTGTGAATGCTGCGACTACGATXXXXX(T)15- 3'], and

10 µl of 2× SeeAmp™ ACP™ Master Mix. The PCR protocol

for the second-strand synthesis included 1 cycle at 94oC for 5

min, followed by 50oC for 3 min, and 72oC for 1 min. After

second-strand DNA synthesis was completed, second-stage

PCR amplification was performed with 40 cycles at 94oC for 40 s,

65oC for 40 s, and 72oC for 40 s, followed by a 5-min final

extension at 72oC. The amplified PCR products were separated

on 2% agarose gels (E-Gel; Invitrogen). The differentially

expressed bands were extracted from the gel using an AccuPrep

Gel Purification Kit (Bioneer, Seoul, Korea), and sequenced with

an ABI PRISM1 3100 genetic analyzer (Applied Biosystems,

Foster City, CA, USA) using a M13 forward primer (5'-

GTAAAACGACGGCCAG-3') or M13 reverse primer (5'-

CAGGAAACAGCTATGAC-3'). All sequences were analyzed

by searching for gene identification using a Basic Local

Alignment Search Tool (BLAST) search program at the

National Center for Biotechnology Information (NCBI)

GeneBank.

2.5 RT-PCR and Quantitative Real-Time PCR

mRNA expression levels of select genes identified from

differential display PCR were confirmed using RT-PCR and

quantitative real-time PCR. HGFs were seeded at 2×105 cells/

well and incubated for 48 h on 6-well Ti substrata, NE0 and

E60/10 for RT-PCR, and NE0, E0, E15/3.5, E30/10, and E60/

10 for quantitative real-time PCR. Total RNA was extracted

using Trizol (Invitrogen) and the RNA concentration was

determined using a NanoDrop 1000 (NanoDrop Technologies,

Wilmington, DE, USA). One microgram of total RNA was

reverse-transcribed into cDNA using the iScript cDNA

Synthesis Kit (Bio-Rad). The cDNA was amplified during 30

cycles of PCR using a Bioer PCR thermal cycler (Hangzhou,

P.R. China) in 30 µl of Platinum Blue PCR SuperMix 96

(Invitrogen). PCR primers were designed using the PRIMER3

software (Primer3 Input, version 0.4.0). The primer sequences

and full names of the proteins encoded by the 10 selected genes

are provided in Table 2. PCR products were resolved by

electrophoresis on 1% agarose gels and normalized to β-actin.

Gel images were quantified using Quantity One® (Bio-Rad

Laboratories, Hemel Hempstead, UK). mRNA expression

levels of the selected ten genes along with the internal control

gene, GAPDH (Hs99999905_m1), were determined using a

TaqMan® Gene Expression Assay Kit (Applied Biosystems)

with predesigned probe and primer sets for the genes MTDH

(metadherin, Hs00757841_m1) and TIMP1 (tissue inhibitor of

metalloproteinases 1, Hs00171558_m1). Following Chromo4

Table 2. Gene-specific primers (human) used in RT-PCR and quantitative real-time PCR.

Gene NCBI Reference Sense(5'-3') Anti-sense(5'-3') Bp

COL1A1 NM_000088.3 5'-TGGCGAGAGAGGTGAACAAG-3' 5'-CTGGGACCACTTTCACCCTT-3' 509

MTDH NM_178812.3 5'-TGCCTGGAGTCAAGACACTG-3' 5'-GGCTGGCTATTTTTGACGAG-3' 540

TIMP1 NM_003254.2 5'-GTTGGCTGTGAGGAATGCAC-3' 5'-AAGATGGGAGTGGGAACAGG-3' 265

TGFB1 NM_000660.4 5'-TTCAAAGATGGAACCCCTCC-3' 5'-CCTCCGCTAACCAGGATTTC-3' 520 

TPM1 NM_001018020.1 5’-GCTGGTTGAGGAAGAGTTGG-3' 5‘-TTCTTCCAGCTGTCGGACTT-3' 307 

VIM NM_003380.3 5'-GGAACAGCATGTCCAAATCG-3' 5'-AGTTAGCAGCTTCAACGGCA-3' 341 

β-actin NM_001100.3 5'-CCCAAAGTTCACAATGTGGC-3' 5'-AGGGAGACCAAAAGCCTTCA-3' 330

COL1A1, collagen type I α1; MTDH, metadherin; TIMP1, tissue inhibitor of metalloproteinases 1; TGFB1, transforming growth factor

β1; TPM1, tropomyosin 1; VIM, vimentin; β-actin, house-keeping gene used in RT-PCR.
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Reverse Transcription-Polymerase Chain Reactions (Bio-Rad

Laboratories) using IQ Supermix (Bio-Rad), the MJ Opticon

Monitor Analysis Software (Bio-Rad) was used to quantify the

gene expression levels. The relative expression levels were

analyzed by normalizing the experimental values with those of

GAPDH and are presented as fold change relative to the control

Ti substratum, NE0.

2.6 Statistical Analyses

Quantitative real-time PCR analyses were repeated

simultaneously and independently three times, and mean values

and standard deviations were calculated. One-way analysis of

variance (ANOVA) was used to compare the mean values of

results obtained from HGFs on NE0, E0, E15/3.5, E30/10, and

E60/10. The SPSS 17.0 software program (SPSS, Inc., Chicago,

IL, USA) was used for all statistical analyses in this study.

3. Results

3.1 Scanning Electron Microscopy

We observed periodic microgrooves and ridges of uniform

width on the Ti substrata using scanning electron microscopy

(Fig 2). The acid-etched-only Ti surface (E0) and the etched

microgrooves and ridges Ti surfaces (E15/3.5, E30/10, and E60/

10) were rough compared to the smooth polished Ti surface

(NE0). Obtuse angles of the line-edges were observed between

the ridge-top surfaces and the continued lateral walls of

microgrooves. These line-edges sloped towards the flat bottom

surface, indicating that the microgrooves used in this study had

a truncated V-shape in cross-section. This unique microgrooved

characteristic on the fabricated Ti surface has been suggested to

induce cell migration or crawling into the microgrooves, which

enables the cells to make the best use of the increased surface

area provided by the microscale topography in early phases of

culture.11

3.2 Differential Display PCR

A total of 75 of the 120 primers were identified as DEGs in

the HGFs cultured for 48 h on NE0, E0, E15/3.5, E30/10, and

E60/10 (Fig 3). We selected 48 h as a time point according to

our previous work reporting significant enhancement of

fibroblast proliferation and up-regulation of genes involved in

cell-matrix adhesion and adhesion-dependent cell cycle

progression at the coextensive timeline of culture.4 Using

sequencing, we determined that 21 genes were DEGs with 12

being significantly up-regulated and 9 being significantly

down-regulated in the HGFs grown on E60/10 compared to

those on NE0 (Table 3). However, we identified duplicates and

triplicates of the same DEGs after sequencing, which might be

due to the absence of cloning prior to gene sequencing. By

deleting the duplicate genes, we identified 21 genes with altered

expression induced by the etched microgrooves and ridges.

3.3 RT-PCR and Quantitative Real-Time PCR

Of the 21 genes identified by differential display PCR and

gene sequencing, we selected 6 genes with functions related to

cell adhesion, proliferation, and regulation of the cytoskeleton.

We performed RT-PCR after 48 h of culture in HGFs on NE0

and E60/10 in order to confirm the differential display PCR

results. We were able to verify that MTDH and TIMP1 mRNA

expression was up-regulated and that transforming growth

factor-β1 (TGF-β1), TPM1, and vimentin (VIM) were down-

Figure 2. Scanning electron microscopic (SEM) images of NE0,

E0, E30/10 and E60/10 (500×).

Figure 3. Differentially expressed genes (DEG)-screening result

using annealing control primer (ACP)-based PCR indicated by

arrows. Note that only the results of the primers from numbers

from 001 to 008, among 120, are shown. In this case, the primers

001, 002, 004, 005 and 007 were determined as DEGs.
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regulated (Fig 4). We also confirmed that E60/10 induces

significant up-regulation of the selected genes compared to the

other Ti substrata by analyzing relative expression levels of the

MTDH and TIMP1 in HGFs cultured on NE0, E0, E15/3.5,

E30/10, and E60/10 using the quantitative real-time PCR

(Table 4 and Fig 5 and 6). Alternatively, no significant

difference was noted between COL1A1 mRNA expression on

NE0 versus E60/10, and the observed up-regulated COL1A1

mRNA expression using differential display PCR could not be

confirmed with RT-PCR (Fig 4).

4. Discussion

Because procollagen α1 type I, encoded by the type I

collagen α1 (COL1A1) gene, is one of the major proteins

produced by gingival fibroblasts,12 the up-regulation of

COL1A1 mRNA expression observed here, using differential

display PCR (Table 3), demonstrates that the HFGs used are

viable and actively synthesizing proteins. This corresponds with

a previous report suggesting that proliferation and type I collagen

production in human patellar tendon fibroblasts increased in

response to cyclic uniaxial stretching on microgrooved silicone

dishes.13 However, we found no significant difference between

the COL1A1 mRNA expression in HGFs cultured on E60/10

versus those on NE0 using RT-PCR (Fig 4), or with quantitative

real-time PCR analyzing the COL1A1 mRNA expression in

HGFs cultured on NE0, E0, E15/3.5, E30/10, and E60/10 (data

not shown). This suggests that there is a need for further

investigation at various timepoints in culture to determine the

complex regulation of type I collagen production in HGFs.

Human astrocyte elevated gene-1 (AEG-1, MTDH) was

originally identified as a neurodegeneration gene that displays

elevated expression after infection with human immunodeficiency

virus type 1 in human fetal astrocytes.14 Among major signaling

Table 3. Result of the differential display PCR after the sequencing procedure.

Gene No. NCBI Reference Gene (mRNA) Expression 

002 NM_002305 Homo sapiens lectin, galactoside-binding, soluble, 1 (LGALS1), mRNA Up-regulation 

006 NM_003254.2 Homo sapiens tissue inhibitor of metalloproteinases 1 (TIMP1), mRNA Up-regulation 

008 NM_001029.3 Homo sapiens ribosomal protein S26 (RPS26), mRNA Down-regulation 

009 NM_001079862.1
Homo sapiens diazepam binding inhibitor (GABA receptor modulator, acyl-CoA 

binding protein) (DBI), transcript variant 3, mRNA
Down-regulation 

014 NM_005801.3 Homo sapiens eukaryotic translation initiation factor 1 (EIF1), mRNA Up-regulation 

015 NM_014402.4
Homo sapiens ubiquinol-cytochrome c reductase, complex III subunit VII, 9.5kDa 

(UQCRQ), nuclear gene encoding mitochondrial protein, mRNA
Up-regulation 

018 NM_006513.2 Homo sapiens seryl-tRNA synthetase (SARS), mRNA Up-regulation 

025 NM_000358.2 Homo sapiens transforming growth factor, beta 1, 68kDa (TGFB1), mRNA Down-regulation 

026 NM_001020.4 Homo sapiens ribosomal protein S16 (RPS16), mRNA Down-regulation 

028 NM_001024662.1 Homo sapiens ribosomal protein L6 (RPL6), transcript variant 1, mRNA Up-regulation 

031 XR_078214.1
PREDICTED: Homo sapiens similar to NADH dehydrogenase subunit 2 

(LOC100131754), miscRNA 
Up-regulation 

039 NM_005499.2 Homo sapiens ubiquitin-like modifier activating enzyme 2 (UBA2), mRNA Down-regulation 

041 NM_001018020.1 Homo sapiens tropomyosin 1 (TPM1), transcript variant 7, mRNA Down-regulation 

042 NM_004501.3
Homo sapiens heterogeneous nuclear ribonucleoprotein U (scaffold attachment factor 

A) (HNRNPU), transcript variant 2, mRNA
Down-regulation 

046 NM_178812.3 Homo sapiens metadherin (MTDH), mRNA Up-regulation 

047 NM_001014972.1 Homo sapiens zinc finger protein 638 (ZNF638), transcript variant 2, mRNA Up-regulation 

059 NM_003380.2 Homo sapiens vimentin (VIM), mRNA Down-regulation 

061 NM_000088.3 Homo sapiens collagen, type I, alpha 1 (COL1A1), mRNA Up-regulation 

066 NM_000104.3
Homo sapiens cytochrome P450, family 1, subfamily B, polypeptide 1 (CYP1B1), 

mRNA
Up-regulation 

067 XR_078889.1
PREDICTED: Homo sapiens similar to cytochrome c oxidase subunit II 

(LOC100293593), miscRNA 
Up-regulation 

075 XR_078214.1
PREDICTED: Homo sapiens similar to NADH dehydrogenase subunit 2 

(LOC100131754), miscRNA 
Down-regulation 
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pathways activated by AEG-1,15,16 induction of cell survival by

AEG-1 through the activated phosphotidylinositol-3-kinase/

AKT (PI3K/AKT) pathway suggests an existence of a possible

physiological role for this oncogene in specific cellular events.

The results of induced overexpression of AEG-1 in normal

human cells indicates that AEG-1 protects the cells from serum

starvation and acts as an anti-apoptotic protein.16 Because

MTDH (AEG-1) gene expression was up-regulated in this

study (Table 3 and Fig 4 and 5), research concerning the

expression of this gene in healthy cells, rather than in cancer

cells, needs to be performed on biomaterials with various

surface topographies.

TIMP1 is a secretary protein that functions as a natural

inhibitor of metalloproteinase activity to promote the growth

and proliferation in many types of cells.17 Specifically, the

exclusive growth promoting activity of TIMP1 compared to

other ECM proteins was verified at the S-phase of proliferating

HGFs.18 Serum levels of the TIMP1 protein, in HGFs, regulates

expression levels of its own gene, suggesting that a self-

regulatory action of TIMP1 exists that precisely controls HGF

proliferation.19 We observed up-regulated expression of TIMP1

mRNA in HGFs cultured on E60/10 (Table 3 and Fig 4 and 6),

and we determined previously that E60/10 significantly

enhances HGF proliferation.4,9 Therefore, we suggest that the

microgrooved Ti substrata trigger HGF proliferation by

exclusive up-regulation of the TIMP1 gene.

The TGF-β1 gene encodes a transforming growth factor-β1

that can be cleaved into a latency-associated peptide (LAP) and

a mature peptide to form latent TGF-β1, LAP, latent TGF-β1-

binding protein (LTBP), or active TGF-β1.20 Altered

endogenous expression of TGF-β1 mRNA or the encoded

TGF-β1 protein isoform in fibroblasts cultured on Ti has not

been reported. However, a previous study using gingival

fibroblasts collected around overdenture support implants in

patients reported interesting cell responses to TGF-β1, TGF-

β2, and TGF-β3 by verifying that exogenous administration of

all three TGF-β isoforms to the cell culture medium had little

effect on cell growth rate, but significantly influenced cell

orientation.21 Given that the E60/10 used in our previous

studies induced significant increases in fibroblast adhesion and

proliferation compared to the smooth Ti surfaces,4,9 the

observed down-regulation of TGF-β1 mRNA on E60/10

compared to those on NE0 (Table 3 and Fig 4) may support the

well-known complex role of TGF-β1 in regulation of various

growth factor signals that lead to events in many cell types.

Vimentin, encoded by the VIM gene, is a major protein of

intermediate filaments with a possible role in cell adhesion, cell

migration, and cell signaling.22 TPM1, on the other hand,

encodes the α-helical chains of tropomyosin in muscle cells

that activate the contractile system. TMP1 also encodes

Figure 4. Result of the analysis on various gene expressions using

RT-PCR after 48 h of human gingival fibroblast culture on NE0

and E60/10. See table 3 for nomenclature.

Figure 5. Relative mRNA expression of metadherin (MTDH) on

NE0, E0, E15/3.5, E30/10 and E60/10 titanium substrata at 48 h

incubation. The results are expressed as a ratio to the mRNA lev-

els of the reference gene, GAPDH, followed by a standardization

of the Ct (threshold cycle) expressions on the control surface,

NE0, as 1. One-way ANOVA (n = 3). ***: significant difference

(p < 0.001).



Differential Gene Expression on Microgrooved Titanium

81

transcript variants of tropomyosin in non-muscle cells that

establish the cytoskeleton.23 Single simvastatin stimulation for 6

h in mouse calvarial cells was reported to have no effect on cell

proliferation but showed a simultaneous 4-fold decrease in

vimentin and tropomyosin-α compared to the non-stimulated

control, as revealed by proteomic analysis using two-

dimensional gel electrophoresis.24 However, long-term,

intermittent stimulation of simvastatin for up to 8 days induced

a slight increase in cell proliferation. This corresponds with our

results demonstrating that E60/10 induced up-regulation of

both MTDH and TIMP1 mRNA as an indication of increased

fibroblast proliferation (Table 3 and Fig 4, 5 and 6), and at the

same time, caused a simultaneous down-regulation of VIM and

TPM1 mRNA (Table 3 and Fig 4). 

Among the various Ti substrata with different dimensions of

surface microgrooves, E60/10 consistently induces the greatest

positive effect on cell adhesion and proliferation in our previous

studies.4-6,9 The DEGs in this study were selected according,

primarily, to differential gene expression observed between the

HGFs cultured on NE0 versus E60/10, the prime experimental

substratum. Therefore, the gene expression results of HGFs on

E0, E15/3.5, and E30/10 were not the primary determinants of

selecting the DEGs for further evaluation in this study.

Performing differential display PCR in the cells cultured only on

NE0 and E60/10 may have been more effective than performing

this analysis on all five substrata, and this will be taken into

consideration for further investigations using differential display

PCR with a similar experimental design. Regardless,

confirmation of the identified DEGs should be performed on all

test substrata using RT-PCR or quantitative PCR.

In addition to the genes reviewed here, several other genes

that displayed altered expression by differential display PCR

should be included in future studies that investigate the function

of genes altered by this novel topography. For instance,

eukaryotic translation initiation factor 1 (EIF1) mRNA, which

accelerates the process of translation initiation,25 was up-

regulated and ubiquitin-like modifier activating enzyme 2

(UBA2) mRNA, which suppresses post-translational protein

modification by down-regulating the sumoylation pathway,26,27

was down-regulated in this study (Table 3). These genes might

provide additional information about mechanisms involved in

the affect of Ti surface microgrooves on the viability of cultured

HGFs. The expression patterns and roles of the proteins

encoded by the six genes reviewed here need to be further

investigated for their roles in cell adhesion, proliferation, and

regulation of cytoskeleton. However, the differential display

PCR results of this study still provide insight into how etched

microgrooves and ridges created on Ti, especially those 60 µm

in width and 10 µm in depth, promote the cellular events that

Table 4. Multiple-comparison result of the expressions of MTDH and TIMP1 genes in human gingival fibroblasts (HGFs) at 48 h incu-

bation. The results are expressed as a ratio of the mRNA levels of target genes to those of reference gene, GAPDH (target mRNA/

GAPDH mRNA), followed by a standardization of the Ct (threshold cycle) expressions on the control surface, NE0, as 1.

Titanium substrata with various surface topographies

NE0 E0 E15/3.5 E30/10 E60/10 Sig.1)

n = 3 n = 3 n = 3 n = 3 n = 3

MTDH 1.00±0.000 1.13±0.081 1.24±0.026 1.27±0.040 1.45±0.061 
<0.001 

T
2)

 a a a,b b b 

TIMP1 1.00±0.000 1.02±0.095 1.02±0.036 1.0±0.038 1.34±0.060 
<0.001 

T
2)

 a a a a b 

1) Statistical significances were tested by one-way analysis of variance among groups.
2) The same letters indicate non-significant difference between groups based on Tukey’s multiple comparison tests.

Figure 6. Relative mRNA expression of tissue inhibitor of metal-

loproteinases 1 (TIMP1) on NE0, E0, E15/3.5, E30/10 and E60/

10 titanium substrata at 48 h incubation. The results are expressed

as a ratio to the mRNA levels of the reference gene, GAPDH, fol-

lowed by a standardization of the Ct (threshold cycle) expressions

on the control surface, NE0, as 1. One-way ANOVA (n = 3). ***:

significant difference (p < 0.001). 
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we aim to trigger in order to establish a strong connective tissue

barrier around an oral implant abutment surface. However, the

absence of a cloning procedure prior to gene sequencing may

have resulted in only 21 sequenced genes being identified out

of 75 DEGs. This suggests a need for further investigation that

incorporates gene cloning into the procedure.

5. Conclusion

We demonstrated that Ti substrata with surface microgrooves

60 µm wide and 10 µm deep and with subsequent acid etching

up-regulate mRNA expression of COL1A1, MTDH, and

TIMP1, and down-regulate expression of TGFB1, TPM1, and

VIM in human gingival fibroblasts cultured for 48 h. The

complex nature regarding the expression of these genes in cell

adhesion, proliferation, and regulation of the cytoskeleton, and

the altered expression of other genes identified using

differential display PCR in this study require further investiga-

tion, specifically at various timepoints in culture. We also

determined that cloning of the differentially expressed genes,

prior to the sequencing procedure, is necessary for determining

precise regulation of the mRNA expression identified by

differential display PCR.
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