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Abstract

Fragments of Hertwig’s epithelial root sheath persist
in small clusters known as epithelial rests of Malassez
(ERM) in periodontal ligaments. These ERM cells are
unique epithelial cells that are present in periodontal
tissue throughout the life of organisms, and play a role
in the homeostasis of the periodontium through recipro-
cal interactions with other periodontal cells. However,
the function and cell proliferation properties of ERM
cells are not fully understood. This study investigated
whether ERM cells have cell growth capabilities and
primitive stem cell characteristics.

Undifferentiated epithelial markers and the GO cell
cycle marker of ERM in vivo were identified by immu-
nohistochemical staining using anti-CK-19 and anti-
p27"" antibodies. The ERM cells were isolated from
porcine periodontal ligament and cultured in Dulbecco’s
Modified Eagles Medium with serum. Porcine gingival
epithelium (GE) cells were also cultured in the same
way as the ERM cells. The ability of the ERM cells to

proliferate was examined by a cell proliferation assay

using CyQUANT GR dye, which produces fluorescence
enhancement upon binding to cellular nucleic acids. Ex-
pressions of Nanog and Stat3 as pluripotent genes and
TERT as the catalytic components of telomerase were
observed in the ERM cells by RT-PCR.

As a result, localization of immunohistochemical
staining for p27*"" and CK-19 were detected in the cy-
toplasm, but for GE both were negative. The cell
growth rates of the ERM cells were significantly higher
than the GE cells in vitro (p<0.05). The signal of the
catalytic components of the telomerase, TERT, in the
ERM cells was stronger than in the GE cells by RT-
PCR. The ERM cells were expressed as pluripotent
genes of Nanog and Stat3 by RT-PCR.

The results suggest that The ERM cells are unusual
cells that exhibit the immatureity and cell growth arrest
of ectoderm-derived epithelial cells. The ERM cells
may also have the properties of a unique stem cell

population.

Key words : epithelial cell rests of Malassez, stem cell, cell proliferation

A P10 H3IH 2B SPR254E11H20H



18 f

fE

*

B DN T 2V Bz &S F AV B OBETRTH
% cervical loop?* 5D ANV + 7 4 v & Rz ESI,
BRIE R 3E DBl & AL 2 755 L ARG R e x v MY
e, RBUER RIS RL, 7 vt R
AL LT 2 > MEMANZERAF S 5 2 & THRE
JE BH LR o H R MR 2 > Tw b (Luan et al.,
2006). <7 vk FREERIESEE O BRI IS
Z CAHEL, Bl ISR IR N 2 75§ 72 03 i 13
B ZFIEL TS EE X ON5D, ERITHET LS
&ix7% v (Luan et al,, 2006). S 512, ¥ 7 vt LRz
BN (AT & 20 DRI & ) WG 2 B L, siigEe o
BN R R o RS 7 SOk E 2 Y, Rz ERA
TOKEZFE>LOHE S H A (Lin et al., 2006 ;
Agostini et al., 2011 ; Oka et al., 2012).

Al e, B il 2 GRS A MK A 1%, DNAG R (S
B, By (M#), BXU 2oz % Gapll

(GHI) 31, E5IIMM5SEIIAT TIZGHY, S
W 5 MBI 2 TidG2i], & LT GLII W5l i i 391
Z B URIEBNC A o 7288 2 GO X 7 S Tw 5.
MifgdEsiix, G, SsiHl, GBI UMD 45D
T—=Y% 1 MO A 7V TH#HATWYS (Cobrinik,
2005). AMKLE &2 WE S 2914 7 ) AKX S —
48y —0—2TH5p27, GILEICHllLEM %
FILSE2EABE LTI9NMEIC 7 u—= v 7 Eh:

(Polyak et al., 1994 ; Suryadinata et al., 2010 ; Starostina &
Kipreos, 2012). p27"lZGOMIIC BV TREMNICERK L,
N & 2 R % 4 27 ) Y AAFEF F — B2 Wil L C
BY, I TIZp27 o fIZEHIC X 0 Ik F oM
fa¥éhi 31k 3 2% 2 LA ST b (Sgambato et
al., 1998 ; Yamamoto et al., 1999).

THATIE, ROEOWARmGIAAET 2 H5T 6 itk

(= TAAGGG—) D FAEEHIA 5 72 % 12kbp D Ha F:FLF1
T % (Blackburn, 2001 ; Blasco, 2005). DNA## o
12#50~150bp 32484 L (Harley et al., 1990 ; Iwama et
al., 1998 ; Guan et al., 2007), 7 T X 7 H A ZA35000bp i
Lo EH A7) VAR F—Ef ey =R LD
BIETREPEB AT 812X, Mlisz 51k &
% (von Zglinicki et al., 1995). Greider & Blackburn

(1989) 1%, 7ux7REMBOREOHRITRERE L D
BN AMAARYH L 2 L2 S 2T Lz, A5
o, s XA A TIET e AT —EOEENE
v THATPEMT A MlasRE#iiTE %
oIt L, AT T T2 TR A ML, Z05r

il

Fl ATy b B RGETRHINLIC B A MIHL B O

e BIIBE SN TS (Bodnar et al., 1998).

AWFZETIE, BRI 5~ 7 v & LR
(MR 23 2 D P EPEMHERL, ¥ T v v B
TR & CIPERGIE R 2 Bl - 5528 L <, Mgy
JlRE, Ta AT —EiE, S5l —h—0RH
ERAETAHILICLD, T vk BEEEMEICETS
AL EE I DFF RSO WTIREET A 2 L A HIY & L7

7 i+

1. RIEREEAO1ER

< 7 vk FREROMMBEEAL, k6 »Hio 75y
ANEBRE A W2 TEE 2R, IR (BS3000¢
Exact, Germany) (ZTC/E S5 mmIZ#EUH, 4 % 8Tk
VAT VT FIZT LBERREEEZT- 72, iz Y
VR A AR K (PBS) IS T#EHL, 10% = F L &~
Y7 3 Y MEEE (EDTA) 12T 12 HMBKEAT - 72
e, WEICREVT T4 UL, YR EERLZ W)
Fo—ifid<wAx— - ~<bF2) v (RELYE K
W) WCTEREIT, =4 Y0y (ADBMZE, KB (2
THAEERL, T REHG I,

2. SRIEMIREOEG

85 7 4 YHIFIEEEICHEVE ST 74 Y ERfTW, 10
nmol/l, pH6.0D 7 T EEF M) 7 AEMERIZEK L
MES X Oz L TGt 247 - 72, 0. 1M Y IiE 7
V7 3~ (BSA, Invitrogen, OR, USA) %4 PBSIZ & b %
L, 3%YVFIy (Dako, Denmark) (X V3047
Oy ¥y 7 &fjolz. —RPUAEE LTL/15012A ML 72
P& b cytokeratin (CK) -14 mouse monoclonal L& (Ab-
cam, Cambridge, UK) B X U'ftt b CK-19 mouse mono-
clonaliifA (Leica Biosystems, Wetzlar, Germany) 1
/25012 AR L 729t e b p27! rabbit polyclonal Jif& (Ab-
cam) & 4TCIZTH = N—F A N TRILSE72. BRI
0.1M BSAZ A PBSIZ THEEME, —RkPufkL L TAlexa
Flour®488 goat anti-mouse IgG¥ & U546 goat anti-rabbit
IgG (Invitrogen) % Jll 2, Dapi Fluoromount-G (South-
ernBiotechm, AL, USA) IZCH AL, HEHL - -0
f#$EDIGITAL ECLIPSE C 1 (Nikon, H{) % Tl
2, o L7z,

3. Mo Hif s X ONh A&

~ 7 vt FRERMIE, A6 AT ¥ /NNEk
PRHARE 2> & Brunette & (1979) O G EICHE- 72, FEAIE
LT, MEEGexnET 5707 7 /NAKB LKA %
5 % KRR M) v A (BRAL:, Bn0) 12X
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DL, HAREEZAT 572 Pk, BRI RE o
RAZBIET 5720, EAREOMRRM 1 /2 ZRHEL,
outgrowthiF 2 TR 1T > 72, A b [ AR IZ outgrowth
HaATV, AR R DR % 1T 5 72, outgrowth ik
WCTHWRBEICE T Twie~ T v e ko Lz
&, WU AR S 0 FREATIE, 2% <=3 ¥
- AML 7 b¥A ¥ (Sigma, MO, USA), 5ug/ml7
LAk T Y Y YB (Sigma), 10% ML > 3 ik W i i

(Gibco, NY, USA) &4 Dulbecco modified Eagle medium

(Gibco) THiEL, 74 A/8—¥" (&K, Hi0)
(2 &0 B Inl R AL L CRHESF IR O e R bR L 2 AT o
7. oz EEMEEhER~ T v & AR,
1 ARE L b Bz Bl & L C 5 IRk &2 47wy, FEBRICAEH
L7z

4. WiHaygsHE

< 7 vk BRI S & OV A L B AR o i 4 ik
REZMET H720DIZ, I6RTL— b (AGCT 2 /) 7 F
A, HER) 121 < 10ME oM E T h ThER L, 24,
48, 728 L VO6HEMF L7z, Z O, CyQuant™ Cell
Proliferation Assay Kit (Life technology, Carlsbad, CA,
USA) 2l LT, 135 N 72DNA & % Infinite” F200

(Tecan, Seestrasse, Switzerland) CTHIHHl L 7.

5. WAl RGET

5 7z Wl 2 I IBMAR EH#NT Y 7 Y = 7 IBM
SPSS Statistics (IBM, HH{) 2 THERHFIIME 21T o
72, WMEVLBZAF 2 —F > FoEE Vv, faks
A5 B RMOBEHEAED Y & LT

6. RT-PCR

EHIE~ — 5 —Td % NanogB & UStat3&, 71 A
F—EOH% T 1=y b TH LML EREFK, Telomere re-
verse transcriptase (TERT) D5 # iE7L 9 5 72 HRT-
PCRZATo72. %7 v LEMHIILS & OH A L K oAl
7> 5 TRIZOL® Reagent (Invitrogen) (2 TCtotal RNA % i
WL7. 2o, Oligo (dT)w-s77 4 ~¥— (Gibco) B
& USuperScript® I Reverse Transcriptase (Gibco) 12 & %
WG B 21T\, cDNAZERL 72, fER L 72cDNA
(¥ AmpliTaq Gold® DNA Polymerase (Applied Biosystems,
CA, USA) ZHv, 7u b a— Wikt~ THENEET O
HiWE % 47 - 72, Nanog, Stat38 & U'TERTD 7 J { ¥ —
135 11278 9. TaKaRa PCR Thermal Cycler (% # F /3
A4, WH) 2H, B#EEGOT TR - WiES &
7z, fF S N7z EY I IMidori Green DNA Stain (Genetics,

%1 Stem cell makerD4FE B primerBLll
Nanog sense : 5’-CCGAAGCATCCATTTCCAGCG-3’

anti-sense : 5’-GGTATTCTGTACTGGCTGAGCC-3’

Stat3 sense 1 5-GAAGGGTACATAATGGGCTTTATCAGT-3’

anti-sense : 5-GGGTCTTACCGCTGATGTCCTT-3’

TERT sense 1 5’-GAGGTGCACTGCGACTATGC-3’
anti-sense  : 5’-AGACTGTTCACCTGCAGGTCC-3’

W) &41.5% 7 A a— A% )V (Genetics) 12 TERIK
Baitv, 74 b¥x7F v — (AE-6961, 7 b—, K
) WCTHFENY PR L. =7 —(3Haell (¥
HINAF) BMEHL, 2 bu—LE LTI RAF—
¥ ¥ 7 s Cd 5 GAPDHOHIE b 1T - /2.
= R

1. =7 vt BRI s X O AR Rz Ml B
I+ % cytokeratind & U'p27' D FEH B & RAE

< J vk bRl X OV AR A B )
%CK-14, -19B8 X UOp27' OB L CRAEOBIZE T
572012, BRI R 2 1T o 72, CK-144%, A
Rl R IC B T LRI R ICREZ D B DD
O, %7 vt EE#EFZTIIIEIAPRDO N Lr o7 (K
lc, d). —7F, CK-19Tlx, ¥F v+t R @EERMEIC
JRAE % B 72HS, SRR R IR O S B A & e
o7z (HMle, f g). p27°%, CK-1938HzRD7z~ T
v b FRGEFMIIE IR TE 2 R0 7248, B ARE I b K i
TR L eh o7 (K1h, i). ZRLENOHMERIEA
XYY AT QI THER L (K1 a,
b).

2. %7 vt LEHMES X O A R B o R by
BHRE D iR

7 5 AR & D B - BERE Lo~ T v b R BRI
Mo, BT F ALY HEE - 5558 L 72 B Rk
IZHB T, DNAR Tll%E§ % Proliferation Assay Kit% fif
U CHl Al RE O Lo laS 247 o 72, 24, 48, 72B &
D6 CHMIE L 724E 8, <5 v b R AR s A -
ARG & Iele LT, 24, 48, 728 X UO6KFH CH B &
MR 2 5872 (K 2).

3. 7 vt FEZEHEE X O Rz AR IC B S
TERTZEH O FK

RT-PCRIZTGAPDHO < 7 v & LRz kML E L O A
MO FEgERE (K3), TuxXT7—¥0
Y7212y P THALATERTOZH % < 5 v & bR A
L R BRI CILE L 7. TERTOFEBLIE, #A L
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BAICBWTHEHEZRBD o728, < v b LR g
oIk E DL (e, ). P27ICK-1938B 2 B0/~
5 vt FREEMIC R Z D (g~1). (a @ BRI 1
RIS B 2HE Qg (x200), b:<T vt Lk
FNLIC BT DHESE (x200), c @ oA KE I LRz R
BUFACK-14B7E, d: <5 vt FEEEiieicsi) 5CK-14
DIFAE, e @ ARSI LM B0 ACK-19DRFE, f, g
~J vt FRERMIICBIT 5CK-19D)HFE, h: ¥F v+
RIS BT AP2T O RAE, 1% T v LR ERHM
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M OE
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ERM

M: HaeIl
OE: ti /A kR kRl e
ERM: ~ 7 v R AR

M OE ERM
4 TERT®#E{EFIEB. ERMIZ B\ TTERT mRNAD iR
R RDT-.

M: HaeIl
N: Nanog
S: Stat3

M N S
5 i~ — —OBIRTERIOGH. =T vt LKk
HIBIC BT~ — & — T& % NanogH & UStat3D FE B
TR,

PRl & i L T~ 7 v & LR TR 7L
Oz (HM4).

4. =7 vt FEFMICBT 2 8Ml~ — 5 — 0%

<7 vt FEMMCEWT, Billli~—7—Th5
Nanog & USStat3 D FEHLIZ D CTRT-PCR CTHEFE L 7.
~ 7 vt LRI TldNanogB & UStat 3 DI % 72
w7z (M5).
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MBI AS AR S v~ T v & R #EEMIEIE, CK-
19Lp27 & B LTz, Mgk - B L7~ vtk
B RRAIIE L sk A LRz B & 0 3 Ml R s ak A5 <
TUAT—E¥OH7TL=y +ThALTERTOFHH D i
o7z F72, %7 vk RERMREEHREO~Y— A —T
& ANanogd & UStat 3 DIEH % FED 7=,

1. ¥9 vt FRERMIICB 5CK-19 & p27 D 5
)

CK-1913 5 E40kDDKST 1T, (3L AL DOHJE F iz
LML T LEICRBIT A 2 BN T WS (Jain
etal, 2010). AFHRIZBVWTH <7 v & LEEEMI
ICCK-19D R RO bz, ThETIL, T vk h
@ RAMEASCK-5, 7, 8, 14, 15, 17, 18, 191ZkmE
THDHEOHEDLDH S (Rincon et al., 2006). F D7z
O, %7 vk BREEMIILIEE, B4 % CKICHTED R
GHITH S I EATRBENT WS, BEHM L2234k
WEZ R T EEUMIE T, EBRELO LML ACK-195;
M %/R L (Demirkesen et al., 1995), RV —ALIZHE A
KL TH 5 2 & H 5 BRGETMILA ML T 2 e
W RE L TWwab (Akiyama et al., 1995). Cotsarelis 5
(1990) 1, ~ 7 A DR JF ML I H-thymidine 2 U V) 3A £
2, BEMEECBW T EMNEMFEOTEERTH
% EW R 28 I H-thymidine B sk S R IR 7R W 5 %
#ll g 7 % slow-cycling cell & A7 L7z, 72, Okab
(2012) 1%, ~ 7 A D IRIE 2 12 Bromodeoxyuridine
G L, ¥ vt FEGEBMIEIC B W TRMIHRR L
TWwWeZ ehb, ¥7 vt EEEEMIE% slow-cycling
cell & LARIEST E Rzl fie & A& S Tw b,
cycling cellZIHE A S N - MEETH Y, M H 2D
R TOEE LS WS 2 3ila Th 5 L E L
TWwh. Yangb (1993) 1, v MEEHMEZ MR 2
L, EREER» SO MM MO A & ik L
THELWILERRLTWS., KHERIZBWT, TEAMK
OTRER LM L FRRIC, ~ T v BRI
CK-19%%BIL, S oICHlEMzHEss454 27~
WA HEFF—E¥AL ey —THLp2T" DI L AD
7z, M@ Ep27 IZRhoADIHTEAL B EHE & DHE D D %

(Assoian, 2004). Rho”7 7 IV —1&, HMINLIERED F 7 fl
fHIFTH Y (Etienne-Manneville & Hall, 2002), Rho"
77 T ADIEEALD HE 52 &2 I 5 5 2 LA
b TS (Morii et al., 1992). D7z, AT
PHE I L~ CHET A~ T v b L EbkRIE, BGHE

slow-

B63202) P25 21
MERS BV ERPS, RIEHTH 5 GOMIIT4 L,
S HIZHAIED X 9 IZslow-cycling cellTH B L E 2z b
5.

2. 7T vk LA OMRE SR & TERTOFEH
RIERIZBWT, v T v LREER L) B - Bl
7e= 7 v b FERRMINIE, BRI B A H A5 7 i
Be Rl & i L TR VIR 2 R L7z, BRI L1
RGN B Rz, JEECHIEA & 2 £ To b L RIBERL % 5
55 —vdk—n"—WHp, #EHEI~12HTHS (T
BF, 2011). BRoFEEZ, WA S W TR LR O
APSBBEEND 720, ¥ T vt Rk b Ak
LIpe ERz sk TH 5 A%, 2 $ To sk BRI Bzl
ok <o vE LE@EEAlLoltiicBwe, EhEhl
THELHMBTHDHEEZ SN TS (Rincon et al.,
2006 ; Kurashige et al., 2008). =5l il id 7 o
AT —EHESEW 2O, Mg RrERTHTOAT
E2#iR3 2 2 L&A T&% (Giines & Rudolph, 2013).
T U AT — VWG RER TH SHTERT, WAETERNAF;
A3 X UDyskerinZe EOR# Y 7 BIZ X W T =
vy MERBEKL, TUXATOREMACHFELS LTS
(Smogorzewska & de Lange, 2004 ; Gu et al., 2009) .
TERTOFRBIE X7 0 X 7 —BiFE2 KWL, £ 0%
BICHWOHNRTWS, AERTIE, 7 vt LM
A E R AR & B L CTERTO B E A3 W 72
O, BHIBOREEA L T LI RIS 7.

3. VT vk AT 28~ — 7 — 0%
<7 vt EREBEMILIC B VT, RT-PCRIC X 1) Nanog
DFEBDFRO H N7z, Nanogldm A+ N XA & %y
ETHY (Mitsui et al., 2003), MEVEFHIEL (ESHIN)
DIX—H—DO—2L LTHwLNTWS. Nam b
(2011) &, =7 vt REARAIIC BT s
¥ — 7 — B X UNanog % ZLESHNL~ — 7 — D FEBL % )
HLTEY, 7 vt FEGEBRAM ISR & A
TWAHZ EZREBLE. <7 AESHIBIC BV TEEM:
ZHEREY 5 729 121%, Leukemia inhibitory factor (LIF)
PLEETHY), LIFZR A SHY B < LESHIlIZ7- 5
TR HOTLE S (Park et al,, 2011). LIFIZ#ED
POTTFVEEEREN LT, LR 25 KT
Td 5Sox2, Nanogh & Oct3/4% ML TV 5B L E X
LTV HFEIEATH % (Griffiths et al., 2011).
AR, LIFOIJEAE T T3, Nanogd %\ idStat3% 8
BT HZ LT, vy RAESHIBO L etk % MR Cc & %
ZENH LT 572 (Guo et al., 2009 ; Guo & Smith,

(125)



22 AE BN FT Ty BRERMINC 31T 2 I B A O FF B

2010). AR#EERIIBWT, ¥ 7 vt LEAMILIENanog
BLUS@3z B LTEY, 7 vt LRk
HBUEVPHO L 2o 72,

&

~ 7 v @k LR AL, T RN ESE & e D) R
TERHI 2> & RMIH I TITHFIEL TW 5.
BWTC, ¥ 7 v itk LEMIIZCK-198 X Up27 &
FERMICHILL TV D720, BRI LR L3Rk 572
Al bds L OB EICH 5. <~ T v #EF LR
&, AT A & e AR TR & L L—3 T
FAELTEY, p2TE2R%BL Twb720, AERNICE
WTGOHI DM RIEIICH 2 Z LaVRENT Ty
LIER E R & D A - BREE L 72~ T v b BRI
I GEAE I 2S5 <, TERTOIEHIMM A B, S 512
Nanog# X UStat37% & D% R FRHE I T DB %2 RO
52 Enn, %7 v ik M EsMEor L A
T2 LRI N

X (73
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