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A study on the effect of microgroove-fibronectin complex titanium

plate on the expression of various cell behavior-related genes in human

gingival fibroblasts
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Gangdong, Seoul, Republic of Korea

Purpose: To determine the effects of the microgroove-fibronectin complex surface on the expression of various genes related to cel-
lular activity in human gingival fibroblasts. Materials and Methods: Smooth titanium specimens (NEO), acid-treated titanium speci-
mens (EO0), microgroove and acid-treated titanium specimens (E60/10), fibronectin-fixed smooth titanium specimens (NEOFN), acid-
treated and fibronectin-immobilized titanium specimens (EOFN), and microgroove and acid-treated titanium specimens immobilized
with fibronectin (E60/10FN) were prepared. Real-time polymerase chain reaction experiments were conducted on 44 genes related
to cell behavior of human gingival fibroblasts. Results: Adhesion and proliferation of human gingival fibroblast on microgroove-
fibronectin complex titanium were activated through four types of signaling pathway. Integrin a5, Integrin 1, Integrin B3, Talin-2,
which belong to the focal adhesion pathway, AKT1, AKT2, NF-kB, which belong to the PI3K-AKT signaling pathway, MEK2, ERK1,
ERK2, which belong to the MAPK signaling pathway, and Cyclin D1, CDK4, CDK6 genes belonging to the cell cycle signaling pathway
were upregulated on the microgroove-fibronectin complex titanium surface (E60/10FN). Conclusion: The microgroove-fibronectin
complex titanium surface can up-regulate various genes involved in cell behavior. (J Dent Rehabil Appl Sci 2022;38(3):150-61)
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Al AFRBEEGTHP < 0.001). Integrin a5 AlF 48,
72A12F 3 E60/10FN©O| T2 2 E FE53 Hlal A] 4
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i A SHFRAEQ (P < 0.001), AF 7247 o=
NEO0, B0of|A G&F R E QTP < 0.001). Integrin B1
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WA GFZA0] O]FRI(P < 0.01), A T2AR &
o= E60/10FNS NE0S} Bl A] AgFRAE kP <
0.05). Integrin B3 A3 48417t 3 E60/10FNO| NEO,
E0, E60/10, NEOFN$} H]1 A] AZFRAE Y1 (P <
0.001), Al¥ 72A17F & NEOFN, EOFN, E60/10FN©]
T2 & F53 v A AFREEJTHP < 0.001),
Syndecan-4= AE 48A17F & E60/10FN(P < 0.001),
A# 72A17F & E60/10, E60/10FNo] T}2 B E &
S0 vl Al FFEEEATHP < 0.001). Talin-2% A
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Al x| o] FOIFIL(P < 0.001), AF 72A1XF &
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(P < 0.001). c-Src= AlE 48, 72A17F 2% E60/10FNO]
02 BE 753 H|ul Al AFEREEQITHP < 0.001).
c-Crk= A1 48, 72A17F 3 E60/10FNo| T2 RE iL
S0 vl A] AFEAEEATHP < 0.001). c-Jund A
48A17F & E60/10, EOFN, E60/10EN (P < 0.001), Al
& 72A17F & E60/10, NEOFN, EOFN, E60/10FN©]
OE BE 753 vl Al AFRA=HJTHP < 0.01).
RAC1-E AlE 48A]7F 3 E60/10FN©] B0}t H]mLA] A
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E60/10FN©] NEO, EO, EOFN} H|alA] Askx=™E] ¢
THP < 0.01)(Fig. 1).
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Table 1. Gene-specific primers (T aqman® gene expression assay) used in quantitative real-time PCR

Gene

AB assay ID

NCBI Reference

AKT1, v-akt murine thymoma viral oncogene homolog 1, protein kinase B 1 (PKB1)
AKT1, v-akt murine thymoma viral oncogene homolog 2, protein kinase B 2 (PKB2)

c-Crk, v-crk avian sarcoma virus CT10 oncogene homolog
CDK2, cyclin dependent kinase 2

CDK4, cyclin dependent kinase 4

CDKG, cyclin dependent kinase 6

c-Fos, FBJ osteosarcoma oncogene

c-Jun, oncogene c-Jun, activator protein 1 (AP-1)

c-Myc, v-myc avian myelocytomatosis viral oncogene homolog
CREB1, cAMP responsive element binding protein 1

CREB2, cAMP responsive element binding protein 2, cAMP-dependent activating
transcription factor 4 (ATF4)

c-Src, v-sre avian sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog
CTGFR, connective tissue growth factor receptor

Cycli D1, G1/S-specific cyclin-D1

Cyclin E, G1/S-specific cyclin-E1

EGFR, epidermal growth factor receptor

ERKI, extracellular signal-regulated kinase 1, mitogen-activated protein kinase 1 (MAPK3)
ERK2, extracellular signal-regulated kinase 2, mitogen-activated protein kinase 1 (MAPK1)

FN, fibronectin

ILK, integrin-linked kinase

Integrin o2

Integrin o5

Integrin av

Integrin (31

Integrin 33

JNKI1, JUN N-terminal kinase 1, MAPKS8

JNK2, JUN N-terminal kinase 1, MAPK9

MEK2, mitogen-activated protein kinase kinase 2

NFxB, nuclear factor xB

ON, osteonectin, secreted protein, acidic, cysteine-rich (SPARC)
p130CAS, P130 Crk-activated substrate

p21CIP1, cyclin-dependent kinase inhibitor 1A

p27KIP1, cyclin-dependent kinase inhibitor 1B

PAK1, p21 protein (Cdc42/Rac)-activated kinase 1

Paxillin

PEBP1, phosphatidylethanolamine binding protein 1

PIK3CG, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit gamma
PRKARIA, protein kinase, cAMP-dependent, regulatory, type I, alpha

RACI, ras-related C3 botulinum toxin substrate 1, rho family small GTP binding
protein Racl

Syndecan-4,

Talin-2,

TGFBRI, transforming growth factor, beta receptor 1

TGFBR2, transforming growth factor, beta receptor 2

TIMP1, TIMP metallopeptidase inhibitor 1, ssue inhibitor of metalloproteinase 1
GAPDH

Hs00178289_m1
Hs01086102_m1
Hs00180418_m1
Hs01548894_m1
Hs01565683_m1
Hs01026371_m1
Hs00170630_m1
Hs01103582_s1

Hs00153408_m1
Hs00231713_m1

Hs00153179_m1

Hs01082246_m1
Hs01026927_m1
Hs00765553_m1
Hs01026536_m1
Hs01076078_m1
Hs00385075_m1
Hs01056457_m1
Hs00365052_m1
Hs00177914_m1
Hs00158127_m1
Hs01547673_m1
Hs00233808_m1
Hs00559595_m1
Hs01001469_m1
Hs00177083_m1
Hs00177102_m1
Hs00360961_m1
Hs00765730_m1
Hs00234160_m1
Hs01547079_m1
Hs00355782_m1
Hs01597588_m1
Hs00945621_m1
Hs01104424_m1
Hs00831506_g1

Hs00277090_m1
Hs00267597_m1

Hs01902432_s1

Hs00161617_m1
Hs00322257_m1
Hs00610320_m1
Hs00234253_m1
Hs00171558_m1
Hs99999905_m1

NM_001014431
NM_001243027
NM_005206
NM_052827
NM_000075
NM_001145306
NM_005252
NM_002228
NM_002467
NM_004379

NM_001880

NM_005417
NM_001901
NM_053056
NM_001238
NM_201282
NM_001040056
NM_002745
NM_002026
NM_001014794
NM_002203
NM_002205
NM_001144999
NM_002211
NM_000212
NM_002750
NM_001135044
NM_030662
NM_001165412
NM_003118.2
NM_001170715
NM_000389
NM_004064
NM_002576
NM_025157
NM_002567.2
NM_002649
NM_002734

NM_006908

NM_002999
NM_015059
NM_001130916
NM_003242
NM_003254.2
NM_002046.3

) Dent Rehabil Appl Sci 2022;38(3):150-61
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Relative FN mRNA expression

Relative ILK mRNA expression

Relative Integrin av mRNA expression

Relative Talin-2 mRNA expression

Relative p130CAS mRNA expression

Relative c-Jun mRNA expression

48h 72h

Relative c-Src mRNA expression Relative Paxillin mRNA expression Relative Integrin b1 mRNA expression  Relative Integrin a2 mRNA expression Relative ON mRNA expression

Relative RAC1 mRNA expression

48h

48h

72h

2

Relative TIMP1 mRNA expression

Relative Integrin a5 mRNA expression

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Relative Integrin b3 mRNA expression

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Relative Syndecan-4 mRNA expression

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Relative c-Crk mRNA expression

48h 72h

48h 72h

48h 72h

[
72h

[
72h

mNEO =EO = E60/10 mNEOFN = EOFN = E60/10FN

Fig. 1. Expression of FN, ON, TIMP1, ILK, Integrin a2, Integrin a5, Integrin av, Integrin b1, Integrin b3, Talin-2, Paxillin, Syn-
decan-4, p130CAS, c-Src, c-Crk, c-Jun, RAC1 gene of human gingival fibroblasts cultured on smooth (NEO), acid-etched
(EO), microgrooved (E60/10), and fibronectin-immobilized (NEOFN, EOFN, and E60/10FN) titanium substrata after 48 and
72 h of culture using semi quantitative real-time RT-PCR. The relative expression levels were analyzed by normalizing
with GAPDH, and are presented as fold changes relative to the control, NEO at 48 h of culture. One-way ANOVA (n = 5).
***. significant difference (P < 0.001). **: significant difference (P < 0.01). *: significant difference (P < 0.05). Note that
only significant differences between the highest gene expression levels and other gene expression levels are presented.
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PI3K-AKT 1§ AR A= gen 7 o] NEO, E0, E60/103} B3l A| AFREE QI (P <
o} AKT1S AE ]{P % E60/10 (P < 0.001), 0.001), 218 72A17F Boll= E60/10FNO| ThE RE
E60/10FN©| NEO, EO, NEOFN, EOFNZH B]=L Al 4% E3 8|3 Al 3FRZEYTHP < 0.001)(Fig. 2).
ZHEEYTHP < 0.001). AKT2E E60/10FN©] TH2 1 MAPK AZAY AzZo At tpea zo}
€ T A AZFREEATHP < 0.001). PIBKCG EGFRLS A¥ 48A17F 3 E60/10FN(P < 0.001), A1
+ Alg 48Xt & EGO/10FNO| th2 BE 534 H] 72A17F & E60/10, NEOFN, EOFN, E60/10FN©] Tt}
a A FFEAESHGA(P < 0.001), AY 7241k Fo] B RE LEI v Al FFREFHJATHP < 0.001).
= E60/10FN©] NEO, E0, E60/10, NEOFNZ} H] 1 CTGFRE A9 48A17F & EG60/10FNO| T2 R E 25
Al AFZEEJATHP < 0.01). PRKARIAE A 484] T} vl Al ArskRAo] BEFE|QI I (P < 0.001), AF 72
7t 3 E60/10FNO] T2 & FE3 va A] FEFxRd AZF Zoll= E60/10, NEOFN, E60/10FN©| THE B E
AP < 0.01). NF-kBE= A¢ 48, 72A|7F R0 A 2E3} H|m A] AEEREECHP < 0.05). TGFBR1S
E60/10FNO| thE RE 53} v Al 422 = it AF 48A17F T EG60/10EN (P < 0.001), A 72417t &
(P < 0.001). CREB1& Al 48, 72A]17F & E60/10FN©] E60/10, E60/10FNO| T2 BE 53 H|ul A xR
0E EE 53 Bl Al AZFEZEEIJTHP < 0.001). HE|th(P < 0.001). TGFBR2E J-oju]st 43kxHo]
CREB2% Alg 48A]7F & NEOFN, EOFN, E60/10FN TEER] Tt MEK2E AlE 48A17F & E60/10FN

18
16
14
12

0.8
06
0.4
02

Relative AKT1 mRNA expression
Relative AKT2 mRNA expression
Relative PIK3CG mRNA expression

48h 72h

14

Relative PRKAR1A mRNA expression
Relative NF-kB mRNA expression
w
Relative CREB1 mRNA expression

48h 72h

mNEO =EQ = E60/10 mNEOFN mEOFN = E60/10FN

Relative CREB2 mRNA expression

Fig. 2. Expression of AKT1, AKT2, PIK3CG, PRKAR1A, NF-kB, CREB1, and CREB2 gene of human gingival fibroblasts cul-
tured on smooth (NEQ), acid-etched (EO), microgrooved (E60/10), and fibronectin-immobilized (NEOFN, EOFN, and
E60/10FN) titanium substrata after 48 and 72 h of culture using semi quantitative real-time RT-PCR. The relative expres-
sion levels were analyzed by normalizing with GAPDH, and are presented as fold changes relative to the control, NEO at
48 h of culture. One-way ANOVA (n = 5). ***: significant difference (P < 0.001). **: significant difference (P < 0.01). Note
that only significant differences between the highest gene expression levels and other gene expression levels are pre-
sented.
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E0S} B A R < 0.05), AT 724]
o= E60/10, EOFN, E60/10FNS NEO, E02} H]
Al ASFRAEQCHP < 0.001). ERK1S AlE 48A]
S E60/10EN (P < 0.001), AlE 72A|17F & EOFN,
E60/10FN©] Toh& B & 57} H] 1 A] GFRAE= T
(P < 0.001). ERK2E A1 48A]7F 3 E60/10EN (P <
0.001), A 72A17F & EG60/100] Th& RE FET} v
3 A ABFRAEGTHP < 0.001). c-Fos= A3 48A]7F
T B60/10FNO| th2 RE 53} H|n A AFxd
Q1AL (P < 0.001), A& 72A7F & E60/10FNS NEOZ}
v Al AFEEEATHP < 0.05). INK1-& A 48A17F
S EOFN, EG0/10FN©O| T}& R E $E3} v]w A] A3k
ZAEo] o] FF (P < 0.001), AY 72A17F & E60/10
o] NEO, NEOFNZ} v]1 A] A=A ehP < 0.01).
JNK2¥= Al9] 48A17F & EGO/10FNO| th 2 RE F5
I vl Al AFREEJII(P < 0.001), A 72A17F &
E60/10& NE02 H]a Al A=A QchP < 0.05).
PAK1-& Al¥ 48A17F & E60S NEO, E0, NEOFNZ}
]l A] ASER g}qcﬂ—r(p < 0.01), Alsl 72417 _%,_oﬂ

+ BE60/10FNo| T2 BE 53 v A] 2 EE
th(P < 0.001). PEBP1-S Al 48A17F & E60/10EN
& NEO0, E0, E60/10, NEOFNZ} H] 1. A] 3= EE¢]
(P < 0.001), A& 72A17F & E60/10FNE NEO, EO0,
NEOFN, EOFN#} H]al A] s} R A= QTHP < 0.001)
(Fig. 3).

Cell cycle Ao XY A2 F+9 A3+ b3 2.
CDK2% AlE 48A17F 3 EOFN (P < 0.001), E60/10FN
ol T2 BE #E vl Al AFRAFHYJIL(P <
0.001), A3 72A17F 3 E60/100] th2 E'_E ;lﬁﬂr H| 7
A AFRFEATHP < 0.001). CDK4= A 48417 &
E60/10FNo] t}2 »n = 4ﬁ4 H|aL Al A=l
(P < 0.001), A 72A]17F & E60/10& NEO, NEOFNZ}
v A] AsFRAE QTHP < 0.01). CDK6E= AlE 48, 72
A7t 5% E60/10FN©] th2 BE 53 H|al A] 45
ZAECHP < 0.001). Cyclin D12 AlF 48, 72A|17F &
E60/10FN©| th2 R E =3} v)g A] Algk= A== Q)
(P < 0.001). Cyclin EX= A13 48A]7F 3 E60/10FN, A1
& 72A17F & E60/100] thE BE FEI} AL A] A
ZALYTHP < 0.001). p21CIP1S AlF 48, 7247 &
T E60/100] T2 BE 53 H|ul A FFRAE T
(P < 0.001). p27KIP1& A& 48A17F & E60/10FN<
NEOQ} H]ul Al f-on]gh AgFxdo] JEE (P <
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0.01), A& 72A17F 3 E60/10, F60/10FN©| E02} B]
N AEREGTHP < 0.05). e Myeks A8 48412 %
EG60/10FN (P < 0.001), A&} 72A]17F 3 E60/10, EOFN,
NEOFNO| ThE RE FE3} v|wl A] AR HE kP
< 0.001)(Fig, 4).
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Fig. 3. Expression of EGFR, CTGFR, TGFBR1, TGFBR2, MEK2, ERK1, ERK2, c-Fos, JNK1, JNK2, PAK1, and PEBP1 gene of
human gingival fibroblasts cultured on smooth (NEQ), acid-etched (E0), microgrooved (E60/10), and fibronectin-immobi-
lized (NEOFN, EOFN, and E60/10FN) titanium substrata after 48 and 72 h of culture using semi quantitative real-time RT-
PCR. The relative expression levels were analyzed by normalizing with GAPDH, and are presented as fold changes rela-
tive to the control, NEO at 48 h of culture. One-way ANOVA (n = 5). ***: significant difference (P < 0.001). **: significant
difference (P < 0.01). *: significant difference (P < 0.05). Note that only significant differences between the highest gene
expression levels and other gene expression levels are presented.

AL, HIZAE, Al EFH] A 5& 2ok HAE0 MAPK A& e 2o £5h= EGFR, CTGFR,
TS Shs frAAtOITh NFwBE AARE a4 TGFBR19} 22 &A1& E60/10FNCl|A] /do] =
ARHS ARolM Aoz e fRES Hsd e A BUkske F3e Bk ok nojazags, it
HYd& oA 72A17F F E60/10PNOIA w9 M, stolBzvd 5 ot 2l o8] AlEF A
o BEFE Bolet, ol NFB7F PIBK-AKT path- o] HxIE FefelA g eIxtet e AEAIE L
way®] ThFSH 9 AT E ADTE AKTY g% 2 do] S7HHIL #+8AE/0] S7Hdol whek MAPK Al
A ke Ao 2 Al EThEg 2). sHY Z=27t 2dste itz SAEE Aol
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72h

Fig. 4. Expression of CDK2, CDK4, CDK6, Cyclin D1, Cyclin E, p21CIP1, p27KIP1, and c-Myc gene of human gingival fibro-
blasts cultured on smooth (NEOQ), acid-etched (EQ), microgrooved (E60/10), and fibronectin-immobilized (NEOFN, EOFN,
and E60/10FN) titanium substrata after 48 and 72 h of culture using semi quantitative real-time RT-PCR. The relative
expression levels were analyzed by normalizing with GAPDH, and are presented as fold changes relative to the control,
NEO at 48 h of culture. One-way ANOVA (n = 5). ***: significant difference (P < 0.001). **: significant difference (P < 0.01).
*: significant difference (P < 0.05). Note that only significant differences between the highest gene expression levels and

other gene expression levels are presented.

EGFR,CTGFR, TGFBR1¢} & 4=8-Aof 2Js] Ras7}
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E60/10ENO|A f3xF T o] 2A Uit MEK2,
ERK1, ERK2 AdZA1}E EGFR, CTGFR, TGFBR1
09 ATo} Aexlo] HE 4 YckFig 3. £ ERK
£ ¢-Fos9] carboxylterminal transactivation domain
(TAD)QFE] multiple residuesE O]ﬂ'ﬂfﬂ-oﬂ HAALEA S
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% G17]19] %81}t G1/S o380l ¥hofst= E2F HARSI
APEE S AFR CDK6E Gl F7]00 236] 874
$}=]o] Cyclin D13 H&0] CDKYA|A|] p21CIP1 2
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p27KIP1& 73 BAgct.” Z3E7] ZAoA Cy-
clin EX CDK2¢} 3|, Cyclin D= CDK4/69} 37 &
SIS F/dsHA et ojet 22 B 438 E T
8f Cyclin E-CDK27F, Cyclin D-CDK4/67+] Alg 2
o] fAMIS A Y & lrh(Fig. 4). W= p21CIP1
TE E80] Cychn/CDK SEAE AAsts 9T
oM AEF7|S ZHETE” p27KIP1GA] &
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CDK4E3H| o] 48 WHllstes A4S g} p21CIP1
& B60/1001A ¢ 75 fRRpdeo] et thFig 4,
EG0/10). o]= nfo]22 121 €|t EHol|A p21
o] et ddo] yetktthal Hugh ohg A 23
9} Ux| L p27KIP1-& E60/10, E60/10FNO]A]

F2AE 1= (Fig. 4), o] p27KIP10] npoja=
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