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l. INTRODUCTION

One of the main goals of periodontal treat-—
ment 1s to regenerate tissue from the perio—
dontal ligament (PDL), Ideal periodontal healing
is achieved by the promotion of PDL cells'™.
PDL cells have a potential to promote tissue
regeneration through their various activities,
such as migration, proliferation, osteoblast—like
differentiation, cementoblast—like differentiation,
and periodontal ligament fibroblasts, The main
purpose in periodontal regeneration therapy is
to regenerate periodontal tissue with human
periodontal ligament fibroblast (hPDLF) being
essential in this process,

Melcher et alSl). reported that the phenotypes
of cells re—collected from the root surface
(such as gingival epithelium, gingival lamina

propria, periodontal ligament, cementum, and

alveoloar bone) determine the characteristics
and quality of regeneration, This theory forms
the Dbiological basis of guided tissue re-—
generation (GTR), For periodontal regeneration,
the ability of hPDLF cells to divide into various
cells is important, Comparing the expression of
hPDLF in the presence of a periodontal in—
fection is essential for determining if the func—
tions and roles of hPDLF cells can be used in
periodontal regeneration therapy,

The most abundant cell in periodontal con—
nective tissues i1s the gingival fibroblast,
Periodontal ligament fibroblasts (PDLF) and
gingival fibroblasts (GF) have distinct func—
tional activities in the regeneration and repair
of periodontal tissues as well as in inflammatory
periodontal diseases” Generally, the teeth

extracted from severe periodontitis patients have

no PDL. It should be noted that hGF can be
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used periodontal
engineering, Han et al "V reported that PDLF
and GF appear to have different gene ex-—
pression patterns, which might reflect the in—
trinsic functional differences in the two cell
populations and may well coordinate with their
tissue—specific activities,

Studies have been carried out on hPDLF ob-—
tained and cultured from healthy individuals,
However, few studies have been carried out in
hPDLF in periodontitis patients, However, with
the aging population, considerable attention
has been drawn to the periodontal disease that
Shelton et

31.12) reported that in dermal fibroblasts, the

i1s mainly encountered in adults,

senescent state mimics inflammatory wound re—

pair processes, Hence, senescent cells may
contribute to the pathology of chronic wounds,
Rather than treating periodontal disease once it
develops, prevention is considered better for
maintaining a healthy periodontium,

The process of cellular aging includes the
altered expression of pH-dependent b—gal-—
atosidase activity and the cell size™ . Limited
replicative capacity is a defining characteristic
of most normal human cells, which culminates
In senescence and an arrested state, where the
cells remain viable but show altered gene and
protein expressionm_l@, Recently, Kwak et al,m
reported that the accumulation of nuclear actin
was a much more sensitive and earlier event
than the well-known, senescence—associated
beta—galatosidase activity,

Studies of the phenotypes in mice and cell
lines defective in the recA/RADS51 family genes
show that these genes are essential for devel—

18)

opment and cell proliferation in mammals ™, In

particular, DMC1, a part of the recA—like fam-—
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ily of genes, is a meliosis—specific gene,
However, the expression of genes in healthy
hGF, healthy hPDLF, inflammatory hPDLF, and
aging hGF is not completely understood,

A specific marker of the genes in aging and
cell—specificity (hPDLF or hGF) is available in
the diagnosis and treatment of periodontitis,
This study used DNA microarray analysis to
screening the genes in healthy

hPDLF, inflammatory hPDLF, healthy hGF, and

expressed

aging hGF |

. MATERIALS AND METHODS

1. Cell culture

The healthy periodontal ligament tissue (20th
decade, probably male) was obtained from pe-—
riodontally healthy and non—carious human
teeth that had been extracted for orthodontic
reasons at the Hospital of Dentistry, Chosun
University with the donors' informed consent,

The healthy human gingival tissue (40 dec—
ade, female) was obtained from periodontally
healthy tissue, which had been removed for the
secondary surgery of dental implantation at the
Hospital of Dentistry, Chosun University,

Aging hGF cells were produced by the repli—
cative senescence of healthy hGF, After the in—
itial culturing, the replicative senescence of
hGF was carried out serially, Cellular apoptosis
was observed in the 18th generation, These
generations were determined to be the final
generations, The 2, 4, 8 15, 16 generation of
cells stored at —198(C were used in this study,

Inflammatory hPDLF (40 decade, male) was
obtained from periodontitis teeth that had been
extracted for periodontal reasons at the Chosun

University Hospital of Dentistry,



The hGF and hPDLF cells were cultured in a
medium containing Dulbecco's modified Eagle
medium (DMEM; DMEM, Gibco BRL, USA) sup—
plemented with 10% fetal bovine serum (FBS,
Gibco BRL, USA) at 37(C in humidified air con—
taining 5% CO2.

2. Total RNA extraction and microarray
analysis

The total RNA was extracted using Trizol
Reagent (Invitrogen, USA) and the mRNA ex—
pression level was analyzed for 18SRNA and
28SRNA, The genes expressed in healthy hGF,
aging hGF, healthy hPDLF, and inflammatory
hPDLF were screened using a DNA microarray,
The genes were analyzed according to the level

of aging, inflammation, and cell—specificity,

ll. RESULTS

1. Pattern of genes expressed between
healthy hGF and aging hGF by DNA
microarray

There was a difference in the genes ex—
pressed between the healthy hGF and aging
hGF(Figure 1), The control was P2 (Passage No
2 of hGF), The experimental groups were P4,

P8 P15, and P16 (Passage No 4, 8, 15, 16 of
hGF), The red color means more up—regulation
of the genes in the experimental group(P4, P8,
P15 P16) than in the control group(P2). The
green color means more up—regulation of the
genes in the control group(P2) than in the ex-—
perimental group(P4, P8, P15, P16). The black
color means that there was no difference be-—
tween the control and experimental groups,

The expression levels of the genes expressed
in the healthy hGF and aging hGF from the
control (P2) and experimental groups (P16) were
compared (Table 1). Actin showed the highest
level of change in the aging hGF(P16) compared
with in the healthy hGF(P2). Keratin and CD 36
antigen also showed a higher level of change in
the aging hGF(P16) than in the healthy
hGF(P2). In contrast, the DMCl dosage sup-—
pressor of the mckl homolog, meiosis—specific
homologous recombination showed the most
significant change in the healthy hGF(P2) com—
pared with the aging hGF(P16). The platelet
derived growth factor D, tenascin XB, and the
zinc finger protein 521 showed a higher level of
change in the healthy hGF(P2) than in the ag—
ing hGF(P16).

Table 2 shows the pattern of the genes
showing changes in expression more than 4 fold

in the healthy hFG(P2) and aging hGF(P16) ac—

P2

P4

3 P8
P15

R P16

Figure 1. Gene profile of human gingival fibroblast according replicative senescence.

Control group : P2 (Passage No 2 of human gingival fibroblast),
Experimental groups: P4, P8, P15, P16 (Passage No 4, 8, 15, 16 of human gingival fibroblast)

red color: Experimental group ) control group

green color: Experimental group ¢ control group

black color: No difference between the control and experimental groups



Table 1. The level of change of genes expressed in the healthy hGF and aging hGF

ACTG2 actin, gamma 2, smooth muscle, enteric (1247.6054110
BEX1 brain expressed, X—linked 1 (1056, 4377170
ACTG2 actin, gamma 2, smooth muscle, enteric (425,5639106
MYHI11 myosin, heavy polypeptide 11, smooth muscle (410,8206811
KCNMBL potassium large conductance calcium—activated channel, subfamily M, (9780641608
beta member 1
KRTHA4 Keratin, hair, acidic 4 (261,9745763
AGCL aggrecan 1 (chondroitin sulfate proteoglycan 1, large aggregating proteoglycan, antigen (939, 6763088
identified by monoclonal antibody A0122)
PPP1R14A protein phosphatase 1, regulatory (inhibitor) subunit 14A (202.7258568
HDAC1 histone deacetylase 1 (185.1964970
SERPINB2 serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 2 (169 8130473
CD36 CD36 antigen {collagen type I receptor, thrombospondin receptor) (137.1394375
Omission
PDGFD platelet derived growth factor D (46,7970473
ADHIB alcohol dehydrogenase IB (class I), beta polypeptide (49,2562639
TNXB tenascin XB (51,2683477
DHRS3 dehydrogenase/reductase (SDR family) member 3 (64.2873064
STATIP1 signal transducer and activator of transcription 3 interacting protein 1 (65,9251023
ADHIB alcohol dehydrogenase 1B (class I), beta polypeptide (69.1263094
TRPA1 transient receptor potential cation channel, subfamily A, member 1 (71,4034709
ADHIC alcohol dehydrogenase 1C (class I), gamma polypeptide (71.8217300
ZNF521 zinc finger protein 521 (160,4035766
COLEC12 collectin sub—family member 12 (191,5237374
MOl DMC1 dosage suppressor of mckl homolog, meiosis—specific homologous recombination (298 7121185

(yeast)

+: over expression in P16(Passage No, 16 of human gingival fibroblast, aging hGF), —: over expression in P2(Passage No, 2

of human gingival fibroblast, healthy hGF)

cording to gene function, 14500 genes were an—
alyzed in the healthy hFG(P2) and aging
hGF(P16).

pressed in the P16 cells compared with in the

826 (5.6%) genes were over—ex-—

P2 cells, 492 (3.3%) genes were over—expressed
in the P2 cells compared with the P16 cells,
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According to the signal transduction of the
gene function, 183 genes were over—expressed
in the P16 cells compared with the P2 cells,
and 118 genes were over—expressed in the P2

cells compared with the P16 cells,



Table 2. Pattern of the genes expressed between the healthy hGF and aging hGF according
the gene function

Amino acid metabolism

Apoptosis

Carbohydrate metabolism

Cell cycle

Cell proliferation and differentiation
Developmental processes

Immunity and defense

Intracellular protein traffic

Lipid, fatty acid and steroid metabolism
Nucleoside, nucleotide and nucleic acid metabolism
Oncogenesis

Protein metabolism and modification
Signal transduction

Transport

Total

8(4,0) 8(4.0) 197
14(3.8) 11(3.0) 366
14(3.5) 0(0) 396
51(7.2) 15(2.1) 705
38(6.4) 28(4.7) 585
121(8.2) 71(4.8) 1475
87(9.4) 36(3.9) 923
23(3.2) 7(0.9) 709
20(3,8) 28(5.4) 513
110(4.1) 57(2.1) 2681
25(5.6) 15(3.8) 443
75(3.5) 73(3.4) 2113
183(7.3) 118(4.7) 2477
57(6.2) 25(2.7) 917
826(5.6) 492(3.3) 14500

P16: Passage No, 16 of human gingival fibroblast(aging hGF), P2: Passage No, 2 of human gingival fibroblast(healthy hGF),

2. Pattern of the genes expressed in the
healthy hPDLF and inflammatory hPDL
by DNA microarray

Figure 2 shows the pattern of the genes dif -
ferentially expressed in the healthy hPDLF and
inflammatory hPDLF, Healthy hPDLF was used
as the control, Inflammatory hPDLF was used

in the experimental group .

The red color means more Up—regulation of the
genes in the experimental group (inflammatory
hPDLF) than in the control group (healthy
hPDLF). The green color means more up-regu—
lation of the genes in the control group
(healthy hPDLF) than in the experimental group
(inflammatory hPDLF). The black color means

there is no difference between the control and

experimental groups,

Figure 2. Gene profile of the healthy hPDLF and inflammatory hPOLF.
red color: hPDLF involved periodontitis ) the healthy hPDLF
green color: hPDLF involved periodontitis < the healthy hPDLF

black color: No difference between the hPDLF involved periodontitis and healthy hPDLEF
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Table 3. Change in the genes expressed in the healthy hPODLF and inflammatory hPOLF

RGN regucalcin {senescence marker protein—30) (51.17863272
VCAML vascular cell adhesion molecule 1 (4857224622
TIA-2 lung type—I cell membrane—~associated glycoprotein (47.19191138
CST6 cystatin E/M (34.09668082
KRTAP1-1 keratin associated protein 1-1 (33.44716437
BNC1 basonuclin 1 (27.33958995
BEX1 brain expressed, X—linked 1 (26. 35244651
CCL7 chemokine (C—C motif) ligand 7 (2634021835
MEST mesoderm specific transcript homolog (mouse) (25.79124300
CGI-125 CGI-125 protein (23,59435781
MLPH melanophilin (23,57406751
ANGPTLA4 angiopoietin—like 4 (22.80561704
C17 cytokine~like protein C17 (22,74524390
.............. Omission
ADHIC alcohol dehydrogenase 1C (class I), gamma polypeptide (21,89036796
FLJ35773 hypothetical protein FLJ35773 (26.93598654
FAM13Cl1 family with sequence similarity 13, member C1 (50,94160819
MN1 meningioma (disrupted in balanced translocation) 1 (51.50347961
EPB411.3 erythrocyte membrane protein band 4 1-like 3 (58.06202565
EPB411.3 erythrocyte membrane protein band 4, 1-like 3 (76.12861888
FLJ36701 hypothetical protein FLJ36701 (223.34559640
+. over expression in inflammatory hPDLF, —! over expression in healthy hPDLF

The level of gene expression expressed in the
control (healthy hPDLF) and experimental
groups (inflammatory hDPLF) was analyzed ac—
cording to the level of inflammation (Table 3),
Regucalcin showed the highest level of change
in the inflammatory hPDLF compared with the
healthy hPDLF, Vascular cell adhesion molecule
1 also showed a significantly higher level of
change in the inflammatory hPDLF than in the
healthy hPDLF, In contrast, the hypothetical
protein FLJ36701 showed the highest level of
change in the healthy hPDLF compared with

772

the inflammatory hPDLF,

Table 4 shows the pattern of the genes with
changes in expression more than 4 fold in the
healthy hPDLF and inflammatory hDPLF ac—
cording to the gene function, 12901 genes in
the healthy hPDLF and inflammatory hDPLF
were analyzed, 330 (2.5%) genes were over—
expressed in the inflammatory hPDLF compared
with the healthy hPDLF. 264 (2.0 %) genes
were over—expressed in the healthy hPDLF
compared with the inflammatory hPDLF,

According to the signal transduction of gene



Table 4. Genes expressed in the healthy hPDLF and inflammatory hPDLF according to the gene function
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Amino acid metabolism

Apoptosis

Carbohydrate metabolism

Cell cycle

Cell proliferation and differentiation
Developmental processes

Immunity and defense

Intracellular protein traffic

Lipid, fatty acid and steroid metabolism
Nucleoside, nucleotide and nucleic acid metabolism
Oncogenesis

Protein metabolism and modification
Signal fransduction

Transport

Total

2(1.1) 42.2) 174
5(1,4) 5(1,4) 334
8(2.2) 8(2.2) 361
7(1,0) 32(4.8) 664
13(2.4) 21(3.8) 541
41(3.2) 36(2.8) 1265
20(2.6) 31(4.0) 764
7(1.0) 9(1.3) 657
20(4.4) 8(1.7) 448
29(1.1) 45(1.8) 2479
10(2.4) 14(3.4) 403
27(1.3) 40(2.0) 1947
60(2.8) 65(3.1) 2071
15(1.8) 12(1.5) 793
264(2.0) 330(2.5) 12901

function, 65 genes were over—expressed in the
inflammatory hPDLF compared with the healthy
PDLF, and 60 genes over—expressed in the

healthy PDLF compared with the inflammatory
hPDLF,

3. Pattern of genes expressed in the
healthy hGF and healthy hPDLF by
DNA microarray

The level of change in the genes expressed in
the control (healthy hGF) and experimental
group (healthy inflammatory hDPLF) was ana—
lyzed according to the cell specificity (Table 5),

Ribosomal protein S4 and Y-linked 1 were
showed the highest level of change in the
healthy hPDLF compared with the healthy hGF.
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Hypothetical protein FLJ36701 and Interleukin
11 also showed a higher level of change In the
healthy hPDLF than in the healthy hGF,

In contrast, the FLJ45224 protein (Prostaglandin
D2 synthase 21kDa) showed the highest level of
change in the healthy hGF compared with the
healthy hPDLF, Thioredoxin interacting protein
and regucalcin also showed a higher level of
change in the healthy hGF than in the healthy
hPDLF,

Table 6 shows the pattern of the genes
showing a change in expression of more than 4
fold in the healthy hPDLF and healthy hGF ac—
cording to the gene function, 13336 genes in
the healthy hPDLF and healthy hGF were
analyzed, 557 (4.1 %) genes were over—ex-—

pressed in the healthy hPDLF compared with



Table 5. Level of change in the genes expressed in the healthy hGF and healthy hPDLF

RPS4Y1 ribosomal protein S4, Y-linked 1 (3033.2422330
FLJ36701 hypothetical protein FLJ36701 (588,1788101
RPS4Y?2 ribosomal protein S4, Y-linked 2 (205, 3615102
1111 interleukin 11 (157 3461425
NR4A3 nuclear receptor subfamily 4, group A, member 3 (110,1860672
FAM13C1 family with sequence similarity 13, member C1 (45,8516262
KRTHA4 keratin, hair, acidic, 4 (43,5377033
DTR diphtheria toxin receptor (heparin—binding epidermal growth factor—like growth factor) (42,9258768
APXL apical protein—like (Xenopus laevis) (42,8816347
CYorf15B chromosome Y open reading frame 15B (41.4855641
SLCO4A1 solute carrier organic anion transporter family, member 4A1 (40,0671892
ACTG2 actin, gamma 2, smooth muscle, enteric (36.9299243

Omission

PSG4 pregnancy specific beta—~1—glycoprotein 4 (30,2529600
CYPIBL  cytochrome P450, family 1, subfamily B, polypeptide 1 (31,1989722
MYCT1 myc target 1 (87.5331507
KIAAQ746 KIAAQ746 protein (43,0888294
PSG1 pregnancy specific beta—1—glycoprotein 1 (448333376
C10orf10 chromosome 10 open reading frame 10 (56.0304043
RGN regucalcin (senescence marker protein—30) (77.3327172
TXNIP thioredoxin interacting protein (131,2158329
FLJAS224;,

— FLJA5224 protein;prostaglandin D2 synthase 21kDa (brain) (185,2741762

+! over expression in healthy hPDLF, —! over expression in healthy hGF

the healthy hGF, 237 (1.7 %) genes were
over—expressed in the healthy hGF compared
with the healthy hPDLF,

According to the signal transduction of the
gene function, 133 genes were over—expressed
in the healthy hPDLF compared with the
healthy hGF, and 61 genes over—expressed in

the healthy HGF compared with the healthy
hPDLF,
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4. Pattern of the genes expressed in th
inflammatory hPDLF and aging hGF
by DNA microarray

The level of change in the genes expressed In

(inflammatory hPDLF)

perimental groups (aging hGF) were analyzed ac—

the control and ex-—
cording to the level of aging and inflammation,
P8 (Passage No. 8 of human gingival fibroblast)
and P15 (Passage No. 15 of human gingival fi—
broblast) were used as the aging hGF.,

Table 7 shows pattern of the genes showing



Table 6. Genes expressed in the healthy hPDLF and healthy hGF according to the gene function

mAmino acid metabolism ”-3(1,6) A(2.2) 178
Apoptosis 14{(3.9) 3(0.8) 352
Carbohydrate metabolism 10(2.7) 6(1.6) 363
Cell cycle 31(4.6) 8(1.2) 662
Cell proliferation and differentiation 34(6.1) 13(2.3) 552
Developmental processes 82(6.1) 34(2.5) 1837
Immunity and defense 48(5.9) 18(2.2) 804
Intracellular protein traffic 16(2.3) 4(0.5) 670
Lipid, fatty acid and steroid metabolism 21(4.5) 8(1.7) 462
Nucleoside, nucleotide and nucleic acid metabolism 66(2.6) 33(1.3) 2535
Oncogenesis 20(4.7) 8(1.8) 429
Protein metabolism and modification 42(2.1) 23(1.1) 1984
Signal transduction 133(6.0) 61(2.7) 2186
Transport 37(4.4) 14(1.6) 829
Total 557(4.1) 237(1.7) 13336

Table 7. Genes expressed in the inflammatory hPOLF and aging hGF according to the gene function

Amino acid metabolism 1(0.5) 1(0.5) 194

Apoptosis 6(1.6) 3(0.8) 358
Carbohydrate metabolism 5(1.2) 3(0.7) 396
Cell cycle 15(2.1) 30(4.2) 707
Cell proliferation and differentiation 9(1.5) 14(2.4) 582
Developmental processes 22(1.5) 16(1.1) 1449
Immunity and defense 17(1.8) 10(1,0) 916
Intracellular protein traffic 10(1.4) 2(0.2) 700
Lipid, fatty acid and steroid metabolism 5(0.9) 0(0) 505
Nucleoside, nucleotide and nucleic acid metabolism 41(1.5) 29(1,0) 2676
Oncogenesis 8(1.8) 8(1.8) 443
Protein metabolism and modification 17(0.8) 12(0.5) 2109
Signal transduction 40(1.6) 21(0.8) 2449
Transport 12(1.8) 0(0) 917
Total 208(1,4) 149(1.0) 14401

P8. Passage No, 8 of human gingival fibroblast, P15 Passage No, 15 of human gingival fibroblast (healthy hGF), No
difference since P8! similar amount of genes expressed between inflammatory hPDLF and hGF since P8, No difference since
P15. similar amount of genes expressed between inflammatory hPDLF and hGF since P15,
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a change in expression of more than 4 fold in
the inflammatory hPDLF and aging hGF ac-—
cording to the gene function, 14401 genes were
analyzed in the inflammatory hPDLF and aging
hGF,

208 (1.4 %) genes showed a similar level of
expression in the inflammatory hPDLF and ag-—
ing P8 hGF (Passage No. 8 of human gingival
fibroblast), 149 (1.0%) genes showed a similar
level of expression in the inflammatory hPDLF
and aging P15 hGF (Passage No. 15 of human
gingival fibroblast).

IV. DISCUSSIONS

The ultimate aim of periodontal regeneration
therapy is the regenerate destroyed tissues in—
cluding the alveoloar bone, cementum, and pe-—
riodontal ligament, Tissue engineering is used
to overcome the limited tissue regeneration us—
ing the factors that stimulate the regeneration
of alveoloar bone and periodontal attachment,
Human periodontal ligament fibroblasts (hPDLF)
can be differentiated and proliferated into os-—
teoblast—like and cementoblast—like cells, and
play a key role in periodontal regeneration,
People are requiring their teeth for longer with
the increasing life expectancy, and wish to
maintain healthy periodontal tissue from an
esthetic point of view,

The causes of periodontitis are aging, in-—
fections, and mechanical stress, Chronic perio—
dontitis is a common in adults, Generally, there
1s a loss of inflammatory PDL or PDL in severe
periodontitis patients, Inhibiting the aging of
periodontal cells is essential for both prevent-—
ing and regenerating the periodontal tissue in

periodontitis patients, The use of the hGF as a
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hPDLF has potential,

Despite their similar spindle—shaped appear—
ance, the PDLF and GF appear to show differ—
ent gene expression patterns, which might re—
flect the intrinsic functional differences in the
two cell populations and may well coordinate
with their tissue—specific activitiesm, Wang et
al, reported that the DNA microarray of the
mRNA levels of eight genes in human gingival
fibroblasts (HGFs) showed differences in gene
expression between the healthy and in-—
flammatory gingival tissues, Abiko et al,zo) re—
ported that the DNA microarray detected dif—
ferences in the gene expression profiles of HGE
and HGF, which might be beneficial for a ge—
netic diagnosis of the periodontal tissue me-—
tabolism and periodontal diseases, However,
there have been few genetic specific marker
studies on aging, inflammation and cell—specif—
icity between hGF and hPDLF using DNA mi-
croarray analysis, This study used DNA micro-—
array technology to determine the pattern of
gene expression in healthy hPDLF, healthy
hGF, aging hGF, and inflammatory hPDLF,

In this study, approximately 4.1 % (557 genes)
were found to be more abundant in the healthy
hPDLF, whereas 1, 7 % (237 genes) were ex—
pressed at higher levels, more than four—fold,
in the healthy GF,

Periostin 1is preférentially expressed in the
periosteum and periodontal ligament, indicating
its tissue specificity and a potential rolé in the
maintenance of tissue structurell‘zn, In this
study, the expression level of the periostin
gene was in the hPDLF was 4,46 time, higher
than in the hGF,

Interleukin (IL)—11 is a pleiotropic cytokine

with effects on many cell types, Yashiro et



al,zz) reported that IL—11 mRNA expression and
production of IL—11 were augmented by trans-—
forming growth factor(TGF)—betadlin both PDL
and hGF, with higher values in the PDL, In
this study, the expression level of the IL—11
gene was 157 times higher in the hPDLF than
in the hGF,

Han et al,m reported that the expression
level of IL-8 mRNA was 85,1 times higher in
the hGF than in the PDLF, However, in this
study, the expression level of the IL—8 gene
was was 30,4 times higher in the hPDLF than
in the hGF. Further studies will be needed to
determine the role of IL—& in hGF and hPDLF

Mammalian thioredoxin is known to be a di—
rect inhibitor of the apoptosis signal— regulat—
ing kinase (ASK) 1 Thioredoxin interacting
protein (Txnip) gene is a candidate of tumor
suppressor genes in vivo, Sheth et al 24) re—
ported that the microarray analyses of tumors,
non—tumor adjacent, and normal tissue of
Txnip—deficient mice, This highlighted the ge—
netic differences leading to the predisposition
and onset of hepatocellular carcinoma (HCQO),
and a deficiency in the thioredoxin interacting
protein (Txnip) is sufficient to initiate HCC, In
this study, the Txnip gene showed a higher
level of change in the healthy hGF than in the
healthy hPDLF,

White et al.” cloned and characterized the
human gene for the 21-kDa brain form of
prostaglandin D2 synthase, Yamashima et al,%)
reported that prostaglandin D synthase (PGDS)
might be a specific cell marker because it is
expressed exclusively in human arachnoid and
nieningioma cells, In this study, prostaglandin
D2 synthase 21kDa showed the highest level of
change in the healthy hGF than in the healthy
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hPDLF, Further studies will be needed to de-—
termine the cell—specific role of Txnip and
PGDS in hGF and hPDLF.

Kim et al.”” reported that PDLs22, Type 1
MMP-1 and TIMP-1
mRNA in hPDLF showed age dependent ex-—

collagen, Fibronectin,
pression patterns using RT—PCR., However, for
total gene analysis, the method is restricted
compared with microarray analysis,

The microarray technique has recently been
used successfully to identify the host molecular
pathways by comparative analysis of the host
transcriptional response to an infection, there—
by providing insights into the mechanism that
control the life span and age related pheno-—

Therefore, this study i1s particularly im-—
portant in that the cultured hPDLF obtained in
periodontitis patient were compared genetically
with healthy hPDLF, This study compared the
gene profile between healthy PDLF and in—
flammatory hPDLF. Approximately, 2.0 % (264
genes) of genes were found to be comparatively
more abundant in the healthy hPDLF compared
with the inflammatory hPDLF, Whereas, 2.5 %
(330genes) of genes were expressed at higher
levels (more than four—fold) in the inflammatory
hPDLF compared with the healthy hPDLF,

Senescence marker protein—30 (SMP30) is a
calcium binding protein that is also called reg—
ucalcin (RC), The SMP30 gene is expressed
mainly in the liver and protects cells against
various injuries by stimulating the membrane
calcium pump activityge), Maruyama et al.*™ re—
ported that SMP30 has an antiapoptotic func—
tion and SMP30—KO mice are highly susceptible
to various harmful reagents, SMP30 might be a

useful tool for aging and biological monitoring,



Nakagawa et 81,32) reported that the over—
expression of regucalcin (SMP30) suppresses
apoptotic cell death in cloned normal rat kidney
proximal tubular epithelial NRKSH2E cells,

Cell adhesion molecules (CAMs) are cell sur—
face proteins that are involved in the binding
of cells to each other, to endothelial cells, or
to the extracellular matrix, The soluble forms
of CAMs (sCAMS) are believed to be produced
by proteolytic cleavage from the cell surface
and are shed into the gingival crevicular fluid
(GCF), Hannigan et 31,33) reported statistically
significant differences between the levels of
sVCAM—1 in the periodontal health and disease
using the GCF, However, there are no reports
of genetic analysis on cultured hPDLF using
microarray analysis,

In this study, the SMP30 gene showed the
highest level of change in the inflammatory
hPDLF compared with the healthy hPDLF  This
means that the expression of SMP30, an anti—
apoptotic gene, might increase according to the
level of inflammation, Vascular cell adhesion
molecule (VCAM)—1 also showed a large in-—
crease in expression in the inflammatory hPDLF
compared with healthy hPDLF, This suggests
that the SMP30 gene and VCAM—-1 might be an
available marker for periodontitis, and further
research will be required,

In this study, approximately 5.6% (826 genes)
of all genes were found to be up-regulated
more than four—fold, whereas 3.3% (492 genes)
of the genes were down—regulated more than
75% according to the replicative senescence of
the hGF,

There are two RecA—like recombinases, Rad5l
and Dmcl, in eukaryotes, While, Radbl is es
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sential for both mitotic and meiotic recombina—
tion events, the function of Dmcl is restricted
to meiosis, Sehorn et al.34) reported that the
DNA strand exchange activity of hDmecl is
probably indispensable for repairing the dou—
ble—strand breaks of DNA during meiosis and
for maintaining the ploidy of the meiotic
chromosomes,

In this study, actin showed the highest level
of change in the aging hGF(P16) compared with
the healthy hGF(P2). While the DMC1 dosage
suppressed the mckl homolog, the meiosis—spe—
cific homologous recombination showed highest
level of change in the healthy hGF(P2) com-—
pared with the aging hGF(P16). This suggests
that the actin gene might be a useful marker
for aging in hGF, whereas the DMCL gene
might be a marker for meiosis in hGF,

The change in the expression level of the
genes associated with aging and inflammation
in the control (inflammatory hPDLF) and ex-—
perimental groups (aging hGF) were analyzed,
149 (1,0%) genes showed a similar level of gene
expression in the inflammatory hPDLF and ag-—
ing P15 hGF (Passage No 15 of human gingival
fibroblast). This suggests that aging is also re—
lated with inflammation,

These results suggest that the genes ex—
pressed in the healthy hPDLF, healthy GF, ag—
ing GF, inflammatory hPDLF show different
gene expression patterns, In particular, Actin,
DMC1, SMP30, VCAD-1, Periostin, IL—-11, and
Thioredoxin interacting protein genes might be
useful markers of aging, inflammation, or
cell—specificity in hGF and hPDLF, However,

further research will be needed,



V. CONCLUSIONS

This study compared total gene expression of
healthy human gingival fibrobast(hGF), aging
hGF, healthy human periodontal ligament fi—
broblast(hPDLF) and inflammatory hPDLF using
DNA microarray analysis,

Actin showed the highest level of change in
aging hGF(P16) compared with the healthy
hGF(P2). While the DMC1 dosage suppressed the
mckl homolog, the meiosis—specific homologous
recombination showed highest level of change
in the healthy hGF(P2) compared with the ag—
ing hGF(P16). Regucalcin showed the highest
level of change in the inflammatory hPDLF
compared with the healthy hPDLF, In addition,
VCAM-1 also showed a higher level of change
in the inflammatory hPDLF than the healthy
hPDLF, IL—-11 and periostin showed a higher
level of change in the healthy hPDLF than in
healthy hGF, In particular, prostaglandin D2
synthase 21kDa showed the highest level of
change in the healthy hGF compared with the
healthy hPDLF, The thioredoxin interacting
protein also showed a higher level of change in
the healthy hGF than in the healthy hPDLF.
149 genes showed similar level of gene ex-—
pression in the inflammatory hPDLF and aging
P15 hGF (Passage No 15 of hGF).

The DNA microarray showed that the genes
in the healthy hGF, aging hGF, healthy hPDLF
and inflammatory hPDLF were differentially
expressed, This study suggests that the ex—
pression of genes can differ according to the
aging, inflammation or cell type, Further re-—
search will be needed to test the possibility
of using gene marker or gene therapy for ag-—
ing, inflammation and cell—specificity in perio—

dontitis patients,
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