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Abstract

AN IMMUNOHISTOCHEMICAL STUDY ON PROLIFERATION, DIFFERENTIATION,
AND APOPTOSIS IN THE EPITHELIAL CELLS OF THE ODONTOGENIC CYSTS

Seong-Hoon Chung, Young-Wook Park, Jae-Yong Joo, Suk-Keun Lee*
Department of Oral & Maxillofacial Surgery, Department of Oral Pathology*,
College of Dentistry, Kangnung National University

-

The epithelium of odontogenic cyst seems to be in a specific status of cellular proliferation and cytodifferentiation. With the identifi-
cation of various genes, which play essential roles in the specific stages of cellular proliferation and differentiation, the cellular condi-
tions of odontogenic cyst epithelium need to be reevaluated. This study aimed to estimate the degree of proliferating, differentiating
and apoptotic activities of odontogenic cyst epithelium using antisera of PCNA, Ki-67, MPM-2, transglutaminase C, heat shock protein
70 and ApopTag® method in 19 cases of odontogenic cysts. Cellular changes of the cyst epithelium were measured by intensity of each

immunohistochemical staining.
Results were as follows:

1. The proliferating activity of the cyst epithelium was slightly lower than that of normal oral mucosal epithelium, with the use of pri-
mary antibodies against PCNA, Ki-67, and MPM-2. And the proliferating activity of the epithelium in OKC group was even higher

than that of the epithelium in non-OKC group.
2. The odontogenic cysts showed weakly positive reaction with transglutaminase C, but strongly positive reaction with HSP 70.
3. Occasionally, only a few apoptotic cell was observed in the superficial keratin layer of OKC.

4. The hyperplastic cyst epithelium infiltrated with mild inflammatory cells showed diffusely positive reaction with different proliferat-

ing factors.

From the above results, we presumed that the endogenous proliferating and differentiating activity of the cyst epithelium was slightly
lower than that of normal oral mucosal epithelium, and also supposed that the cyst epithelium could be reactivated for the further pro-

liferation by the exogenous factors, such as inflammatory reaction and any chemicophysical irritations.
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] ske] 71 A EF0] gk, W dEZ(rete peg)e] o] A X3}
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whE 0 2R A Ao | A Zoke] ZA 6] Tl AL &
A3} = At} & PCNA(proliferating cell nuclear antigen), Ki-67,
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shock protein 70)> &Z AW ofuzt 5, 2H& A AL 54 8t

&H2-4 (toxic chemical)o] ] =23} 7+o] AEH AE WolS woj
T o] TUbE e 2EY A B AR G A Joe, gk F
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lutaminase” 9A] ZHZol| Zol °i:[’-ﬂ IS
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+ 49 “programmed cell death” = /\ﬂi S
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ool Aat= AAGE AIA T FAA, HIEAE
MY S Yotr 7] Sl A ¢E 22 A 7|E
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o)z}l transglutaminase C, & =2t 2 70, 12| 2 apoptosis
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AHgstel shebe RS ARSI A% 198 5 244
Aboll 93l 38 = X4 Z+3kd(odontogenic keratocyst, OKC) S 2

#Y AL, 68 = FAA %—(dentlgerous cyst), 108 = 22 3
% (radicular cyst)o] Rtk B=&H A 3 th-x] o] EAA] Jof o] B
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Table 1. Immunohistochemical method

Deparaffinize Xylene 10min( x 4), 99%, 90%, 75%
G2 SFF A

Blocking 3% H202 5min, PBS 30 min

Primary antibody 4°C Overnight

Secondary antibody 30min, room temperature

Streptoavidin(LSAB-kit, DAKO) 30min, room temperature

DAB(diaminobenzidine) 3-56min

Counter staining Harris hematoxylin

PCNAe| st T &4 g4 91 PC 10(DAKO, M0879), MPM-
2(DAKO, M3514)9} E7]o| A A2 Ki-67 3}l T3t Hd S 24
&) (DAKO, N1574)9} 7}Eo] A A& B3tZ2 A a4 9] Y%7
a2 70(DAKO, A500), transglutaminase C2] 314 & o] 2313 th
o)z} 2= G F 2 A 2 anti-mouses} anti-rabbito] &3}

o] 2}8}H4| IgGE, B¢-F 24134 £ & anti-rabbit IgGE AH-&-38}
o] streptavidin-peroxidase®} ' © 2 W 2251814 S A3
191 THDAKO, LSAB K0681)(Table 1).

3. ApopTag® &4

Apoptosise] #2-S ¢]3l ApopTag® Peroxidase In Situ Apoptosis
Detection Kits(Intergen, S7100)E- o]-&3}o] th2-3 7+ HIglo 2
SECRELT

M eoteka o
2.

(2) 20pg/ml Proteinase K(Sigma chemical Co, St. Louis, Mo) 3] 4] i
O R 15CoAM oFISEZF vk A7 th. 2383 n| 7 1000 ¢
Alokol A 3 0 2 WA E FE FFEHA w7
L ZA3

@) ZFFE A7 T 1% %3 =9 (equilibration buffer)S &
ol flo FA%F Za2Y dAE 92 F3 &71
(humidified chamber)oll A 2 4 10Z 7+ #H-3-A] 71T},

4) 72+ &gfo]l = 55u/5cm? working strength TdTE A (HHS

k=l 76ue} TATE A 324 TFNH)E 37C 53HE7] oA
607+ ¥ A1 T

(5) 2] ©l ¥ working strength stop/wash buffer(Iml stop/wash
bufferst 34ml %5 2=¢] E3tal)2 3027 u-SA 7]k, o]}
108 7HA 08 E50] Fol SEpolt o A= 7IEE
A A ke,

(6) 05M <14kt
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(7) 05M 912¥sk301 © 2 43] 4| A e},

(8) Peroxidase 7] & (754/5cm) < X4 2 3~6% 9t vk A7)

.
O swr= E—’% 3 Al ¥ gkt
(10) smt=AR 07 thx AN sk v g
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3) Ly 207 AR o) T7rA ek Ay (Fig. 1-A)el] vls) A X4y
ol A PCNAA ] O Zase] JAnh v-%]
PCNAY] ¢kA a}-o—o] Hlaiﬂz]

L=
ZJEL

X of\
N o
_E

2) Ki67

Qw02 AR 2R A (Fig. 2490 WshH A4

% 5lo) A Ki672) W8 A this 73wl o] 191eh. PONAS]
bl Astslol BAARAY

dlate] ARk e FEE A

PCNAS] A= %kAlW

*UMWC oFst

T A A=
w A= (Fig. 2B), H5AHE gt

23] M Zol| M Ki67 3173 0] tha F715 o]

e H|-x| A ZHahge)
(g 20). A% 7tshy

3) MPM-2
SRS PERESE R
2 ol MPM2S) e AL

L

{0

s s 9] ol W5 el ofak kAR
F2 A9 Ashdsz 4319 3ol o2l 8 Peigol 371
59109 (Fig. 38), v-44 Ztshd @] Asol N L v S =8
P uhSo] #2592 mi(Fig. 30) %ﬂ%ﬂz PP
A ZAE SH A A E MPM2 B4 0) Tha 27}
o} 9131eHFig. 3D).

2. Mz} pistolx}

198 9] A4% AT TN EeAZo e Hej 2

LR
83 992 A

AT} oo Hlste] A4 CNA9| ¢4 HP Y stef (Table 3)¢k 2> AHE AUt
ol Z7hE ol it BAA QA PR oA Bele A
Hohe Fee oFehA v v F8leh A whgo] 714 A & 1) Transglutaminase C
A A (Fig 1B). G5AIE J &2 2 A% IS4 AEFA S A/3¢% 2&¥ oA Kol transglutaminase Co] & A A4H]
Hol& X4 Ztshdel A= PCNAY 7Heh A WHe-S Hol= 4 ol A AT (Fig. 4-A) HlsiA o] AT Hl-214
A EE] FEH AAZH WE F& F4ehs Aol 42y Ztshgdto] Agulol M mlg- ofshAl A2 o m(Fig. 4C), o
A th(Fig. 1-D). FHAE JEo® AT AIAE FAFAA = Fuksol i
Table 2. Expression of cell proliferating factors
No inflammation Mild inflammation Total
Non- OKC OKC Non- OKC OKC
+ ++ +++ - + ++ | + | - + |
PCNA 5 6 3 1 1 1 1 1 19
Ki-67 5 7 2 1 1 2 1 19
MPM-2 4 6 4 1 1 2 19
-:no + : slight ++ : moderate +++ : strong
Table 3. Expression of cell differentiating factors
No inflammation Mild inflammation Total
Non- OKC OKC Non- OKC OKC
+ ++ +++ - ++ | + | - + |
TGC 7 5 2 1 1 2 1 19
HSP 70 1 5 8 1 1 2 1 19

- :no + : slight ++ : moderate +++ : strong
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Table 4. Expression of apoptosis
No inflammation Mild inflammation Total
Non- OKC OKC Non- OKC OKC
+ ++ +++ - + ++ | + ++ | - + ++ |
Apoptosis 11 3 2 2 19
-:no +: slight ++ : moderate +++ : strong
S71slo] ust(ig 40) ol s A3 AseT AN @ FAYH 4N DAL TS GG k] B
A= transglutaminase C /g ub-go] 2ts Aol Statslo]l & v wE o2 FSHT ARt 3 WS St
BIROTF 48), YTAL AEOE Askel YAAE S} £ PR 27| AL o A
o S48k $AAME tansglutaminase Col Wdo] Z7l5e)  BEE YASA oI we A WEEe) AL kel @
nsieh Fo 2 RE I PAHHE FAshofof Frpn, meby
A% v AERHEL AT 4T Ye AL
2) AT A 70 2 A zbE T, PCNAE DNA 88 4 0¢] H % 9] }H(cofactor) 2
A% Aol Hol= A AT 709 FHE Y44 A DNA %—?}% 29 4L F207 DNA BAE Z7H07)E
ol F7E e 4l (Fig. SR vl A S7Elel Uitk 2F AW A4S BoB AT 9 BARE AAAT Yk o
A 702 WA A AN AeA FHHH MA PONAE 1078 Miyachi ‘:Ol Tk g shake] @) A7)
A a2 A2 AehdEe] ATA BE 4R PINee  EATES 9 ofF LEH T, Bravo 5 PONAT} 3kDas) 3
HSIEHFig 5B, 0). WA A RN 45120 57 HES  AHAEA 1N 371 27 AZS) 5479 EAA} 2
08 e Aol A AEZAN 3 PSS BIYO S AT AT, 5 PONA 94 A EF]9) GL F %
o, A3 M EZ0) FAYAM 10~20%2) FE & AEZL Hol B §7)9) Ao A BAROE o] Sl Ae) U3 A= S
£ 750l = superficial layer% ol A4 5o} 79 FNrSL el AE AL WelgerH o2 AFad e §42 E7E A}
9. 24 dehdzel AR GuA0E 4 ARFe 12 $8 5 Atk vk 24 UelA BB S ALY 3
A PPNSS BYE T FAN 25k AmZe) Bk G F AL A4 BRE 5 2o, nad FU0) FlsiN 22
ARSS BT BN ASAE AROE AT AUAE F4 2 T AelE RRAME o] sl
S HolE REANE IEARNA 0] v 2 PYNSE  ED B 2, 345 ATEL el 71H S0l v
BYE(Fig. 5D), ol2l s FAuSo] AT SAHE #F  ASL AYFEY olF DUAS L MEF7] B0 §43 A
3tk EE 048 ¢ gk K67 HAZEA A ol B AE
F FA719 Azl EANA G2 FAF A EN T 245
3. Apoptosis T 2% A3E AP S AR ACE dEA AUk S Ki-
67 A= DNA AT784 < AH3HA) QT ARRYE N9
199 ¢ A% A3 EolA ApopTag® A4S Agatel  setd 5 JOBE AgHo|t K67 HAZEY FAE U
(Table 4)9} 242 A5 AoATh Reed-Sternberg Al ol o] 5ol FA R A, # 2ol
AAEE A A 27 e vl sho] ApopTag® 4lo] 9 345kDa i 395kDasl % }e ZelWE S AR o] oA
kol v k4ol Zehgel 4slold  nonhistone 3 T A2 1081 FAA o] AN f kel s

© ApopTag® 4 o] A <]
*UMW FAQAo R EEA o“é*ﬂ%£ L3
3] YU R 2 g5 ojrte A
% uk-S-S 1.9 th(Fig. 6-C).

A4 Zhahd 9
o = (Fig. 6-A, B),
o] ApopTag® 944 ¢
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s
of Wi FarBr F2 AAF AL TN AREH O
St} I8y 1992 Cattoretti S-©] Ki67 19 45 A x2g &
gl g GAF24 3¢ MIB A S Ao 24 et
02 zojE 2o N % Ki67 3o thate] ELg w3 3
& QA A ek Aol Qi LAY sek Eo) 24
L2 Hossh GHo] Thse AL A LB el o
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Hol ohd shekal Tvj 24 & ol43te] ANYE AT
Z44¢ golsgnh
FAREE 8t Hela Al 29 252 1Y (immunogen) & &
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AH4-3lo] mitotic proteindl] S-0]4 & ZHe 1359 ddZF 24 o
A7 DRI MPM-L A4 - E] MPM-130 2 7 5| §{ T2, o]

Zo) A% MPM-13+ MPM-27} 714 2 9kej 2] 9] © v, MPM-2= &
ARG 3 A A FHEHA e £ X P%k5 -210kDad] &
9 & 7+= o & o] ookl (phosphoprotein) &< 914 gt} o] 2
g Q52 ]—l Tge] S (|nterphase)01 A =
G2/IM A 8k7] Zoto)| 21 4k3tE] o] MPM-29} HF-2-& T}, o] A}
7] ¢] PCNA, Ki-67, mitotic protein-& Z 2] a}= Al Lol 4] E4 2]
F3] 5] = chul 2] o] =N=1 ;z]/m,l-z_ )\]-:qoﬂ/q o] xﬂ chal A o))
.“3(_}\

42 PCNA, Ki-67¢] T 3

S5 A% 8 ok The o A A4S et
949 % 4319 A4S WA dshde] 4o ke A4
shg 7o) 3ol DA F71E0) QUOH, GFAE P8O
2 A% A AUES $AAE AE F40) ws Zhd
o} 932 FAlegth HebA B ATE Folol QuHOZ A
g% 4319 Z290) B PR 4319l Z4 40Tk 7
25olA Aot AZFE Feke] AEAT SJsiA] vh
A 24 JHE ABEE £ Ut Pl 98S Flet
stk

Transglutaminase= HEIE A3 FF 1 27]9] y-carbox-
amide”] 7} acyl”] A 2 288l Zg 94 o4 Fo] ut
$€ Fvjaled A 2] isopeptide 2% Fgske Yde)
BAEY A o)t} Transglutaminases}, acyl7] &) &4 93¢

=]
=

P

she e = AR Foli(ysine) el A AestH oz A
Aol cheFst e, Askea whge] V1A E ol F Stk &
transglutaminase] A &34 o) o= a4 93 wAF o] A

E ol A whEold Zhg T A S FESATIAY S A
o] 249 724 Akl 7] gtell M FE 5 o). 53

ZAA transglutaminase= M| X 52 Al ZEs}o] Zlo] #efs}
= A0 2 AKX Transglutaminase= A 4 & ol 2} Al
Soll M Feld Fe Ee Axue 23 2 T
T s g} U transglutaminase C= Tk Al gl 2
A ob At MERA S B EAF AL R T6.6kDad] &
Ak 7ML SloH Al el A 9] 7)ol taf A= S
FHE A ekgkoH, ransglutaminase = F 9] A| £ 23} 344 v}
At GAN A Zste Be S A=t Zlofste Ao &
2 A Qhepres,

= Aol M A Fe MESE FEE 74
=3 ;}7] 9]3te] transglutaminase C & 2xof th st A&
Aoty G S Faf dEetgleT transglutaminase C
AR A A ol wsi A A4 EE el

T 92 PSS HolEE, AAEE A9 AlEE st
4 774 Ayl o A Z g st @A Az A vEr
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X 2

3} %

_héjalo
rir o BN fu

[e

Wtk A= Abnl o] Al E20] & E3lE o] X &R u trans-

gutaminase C 9] 141014] 4 TEH = 248 492 23
S ol A4YE AT E H4 77 F s sk okt
AR QR ALEE FAL oI UL HHALE ek

t}.

2242 2es dULE 43T
7} Drosophilac] 72& A uffinge] Qoj}=
ANE BAG o) F A7E N C LI
DNA o] ac 49, Has 2e F350 95 oA Ha

7

AL 1962+ Ritossa

i
1=
o

E
51 99 2 o) 2% 95 ADAEE £mA 2 A8
AT B R ML Tole] £48 LS Y5 AA
[¢]

Fe BAE guA gk 93749 8ol fENE §U45
ZRE AREE G o] FAGH obl i Dl FA A o}
o Expe 15~32kDa«] 2t dZ Ao A, 60kDa, 70kDa,
90kDaz} 100kDa ¥ %7 vha) A 2 H o} 7tk 1 5 H242 10~
0 Aole] A3 AU Do) Y BE FE A 237
@Y MOE $AT AL/ 93AE BASE 2 2%
e 4 @) ol dasfel 93 25 ool
B 934U A S Aslstas

]
SAE o)A MEY A7 HE 715 o

2 2L A= il A AA™sy &ulE foldingo] O]TOV‘ 4
OB E o] gt Aefel A WEAZ G F2 T o] A
UebE  s17] wiizold, A tadatr] flsf ghEo] wok
She 93 Auu e 83 D5 o) A3 oe B e
HH L A5 AOR oA I AT Y 108 BE7 )
o8 wHHE g T oM B2 FES AR s dudR
A] thermotolerance ¢} 71 AaAJo] & EFAddo|th & &
SATN A 70 Al EW oA T A o] WA WA s AY Mg
H S A e g M, 53] 24F AT YA F
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gk 35/ u e wheo] ARE Az mebA X3¢ 3
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Immunostaining of PCNA (Hematoxylin counter staining)

A. Normal oral mucosa ; frequently positive in basal and parabasal epithelial cells (arrow)( x 200)

B. OKC ; keratinized cyst epithelium showed frequent positive reaction (arrow)(x 200)

C. Non-OKC ; cyst epithelium without inflammatory cell infiltration showed rare positive reaction( x 400)

D. Mild inflammation ; the PCNA positive reaction was very strong in the nuclei (arrow)( x 1,000)

Immunostaining of Ki-67 (Hematoxylin counter staining)

A. Normal oral mucosa ; intensely positive reaction in basal epithelial cells (arrow) (< 400)

B. OKC ; showed diffuse positive reaction in the basal layer cells (arrows)( x 1,000)

C. Non-OKC ; weak positive reaction in the cyst epithelium (arrow)( x 400)

D. Mild inflammation ; When the inflammatory hyperplasia of cyst epithelium occurred, the positive reaction increased(arrow)( x 400)
Immunostaining of MPM-2(Hematoxylin counter staining)

A. Normal oral mucosa ; weakly positive in normal oral mucosal epithelium(x 200)

B. OKC ; showed diffuse positive reaction in the basal layer cells(arrows)(x 1,000)

C. Non-OKC ; cyst epithelium showed slight positive reaction of MPM-2 (arrow) ( x 400)

D. Mild inflammation ; Inflammatory hyperplasia of cyst epithelium induce the diffuse positive reaction(arrow)( 400)
Immunostaining of transglutaminase C (Hematoxylin counter staining)

A. Normal oral mucosa ; intensely positive in epithelium(arrow)( x 200)

B. OKC ; thick keratinized epithelium also showed diffuse positive reaction through the whole cell layer( x 200)

C. Non-OKC ; showed only weak positive reaction(arrow)( x 200)

D. Mild inflammation ; some portion of inflammatory hyperplastic epithelium of cyst also showed intense positive reaction(arrow)( x 400)
Immunostaining of HSP70 (Hematoxylin counter staining)

A. Normal oral mucosa ; moderately positive in normal oral mucosal epithelium(arrow)( x 200)

B. OKC ; a portion(arrow) of early keratinization of cyst epithelium revealed the strong reaction(x 1,000)

C. Non-OKC ; thin epithelium of cyst also showed intense staining of HSP70(arrow)( x 400)

D. Mild inflammation ; Intense positive reaction was observed in a portion of hyperplastic cyst epithelium(x 1,000)

Apoptag staining for apoptosis (Hematoxylin counter staining)

A. Superficial keratocytes of OKC were positive(arrow)(x 200)

B. High magnification of A, some nuclei(arrow) were intensely stained(x 1,000)

C. Exfoliated cornified cells were weakly positive(arrow)(x 1,000)

D. Negative control for the immunohistochemistry and ApopTag staining by using rabbit serum instead of primary antibody( x 200)
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