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which was stained strongly by Bak and contained numerous terminally 

apoptotic cells， was sugg巴stedas a diff，巴rentiat巴darea. 

d 

Ai 
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PART3 

The role of MDM2 in 

the proIiferative activity of ameloblastoma 

ABSTRACT 

Ameloblastoma is a uniqu巴tumorin oral and maxillofacial region 

with various levels of wolifl巴rativ巴 activityin巴achtyp巴 Inorder to 

d 
d巴t巴rminewhether p53 and MDM2 contribut巴tothe proliferativ巴activityof 

am巴loblastoma，we p巴rformedth巴followingstudy. The p53 tumor suppr巴ssor

gen巴 isth巴 mostcommonly mutated gene in the human cancer and 

r 
additionall y， it is ov巴rexpress巴din other lesions， such as ameloblastoma. The 

MDM2 prot巴inis abl巴tophysically associate with p53 and block it's growth 

suppressiv巴色mctions. In the present study， MDM2 was 

immunohistochemically ov巴rexpressedin am巴loblastomaand the positive cell 

counting results show巴ddi妊巴rentMDM2 labeling index for巴achtype of 
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ameloblastoma bas巴don both WHO classification and cytological pattern. 

Basal ce11 ameloblastoma， which has a high prolifl巴rativ巴 activity，had the 

highest MDM21ab巴lingind巴X.wi巴suggest巴dthat the MDM2 prot巴incaused 

the high proliferative activity of ameloblastoma， particularly in basal c巴11

ameloblastoma. 

treatm巴nt.

MDM2 could be considered a target for ameloblastoma 

1/ 

バJ
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INTRODUCTION 

Ameloblastoma has a high recurren田 rateand loca11y invasive (Lucas， 

1984; Weiss et al.， 1985). It is a unique tumor， b巴cause巴achtyp巴 of

am巴loblastomashas various levels of proliferative activity (Sandra et al.， 

2001). All types of ameloblastoma have similarly high anti-apoptotic activity， 

sugg巴stingthat ameloblastomas have a high survival activity (Sandra et al.， in 

pr巴ss).

The p53 protein， the.most int巴nsivelystudied protein in oncology， and a 
〆

pot巴ntinhibitor of cell growth， is responsible for arresting th巴c巴11cycl巴at

sev巴raldistinct points， as we11 as in activating the apoptotic machin巴ry

leading to ce11 death in some circumstances (Levine， 1997; 1¥shcroft et al.， 

1999; Lakin et al.， 1999). Activation of p53 can occur in response to a 

number of ce11ular str巴sses，including DNA damage， hypoxia and nucleotid巴

deprivation (Lakin et al.， 1999). More than 2000 different p53 mutations 

hav巴b巴endiscovered and more than half of a11 human tumours completely 

lack functional p53 as a result of th巴occurrenceof a point mutation in one 
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aIlele coupled with a complet巴ofthe other aIlel巴(Lane，1999). 

MDM2 (Murine Double Minute 2)， a negative regulator of p53， binds 

the amino t巴rminaltransactivation domain of p53. Overexpression of MDM2 

protein has been det巴ctedin a number of diverse human malignancies， 

indicating that this oncogen巴 playsa key role in human carcinog巴nesis

(Momand et al.， 2000; Lozano et al.， 1998; Juven-G巴rshonet al.， 1999; 

Freedman et al.， 1999; Hain巴s，1997; Piette et al.， 1997; Yap et al.， 1999; 

Zhang et al.， 2000). It also has been sugg巴stedthat MDM2 levels are 

2000). 
Ai 

associated with a poor pJ;，Ognosis of s巴V巴ralhuman canc巴rs(Zhang et al.， 

、

In ord巴rto d巴terminewheth巴rp53 and its negativ巴r巴gulator，MDM2， 

contribute to th巴 proliferativediv巴rsityobserv巴din ameloblastomas， we 

perform巴d the following study. ρν 'hH 
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immunohistochemical result with p53 could not b巴trusted(Wynford-Thomas， 

1992; Battifora， 1994; Hall et al.， 1994)， therefore we also perform巴dwestern 

blotting for confirmation. To check th巴 possibilityof th巴existenc巴ofp53 

mutation， w巴evaluatedth巴presentof p53 mutation in ameloblastoma tissu巴s.
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MATERIALS AND METHODS 

Tissue sample selection 

The ameloblastoma tissu巴 blocksfrom 34 pati叩 ts(20 males and 14 

females)， that had b巴叩 obtainedsurgically at these faciliti巴swer巴 S巴:lected.

The resected tissues wer巴fixedfor 24-48 hours in 4% formald巴hydefreshly 

prepared from paraformaldehyde in PBS at 40C. Twenty-巴ight

am巴loblastomasw巴retak巴nfrom the mandible (82.4%) and 6 w巴retaken 

from the maxilla (17.6%の Basedon the World Health Organization 

〆
International， Histologieal Typing of Odontogenic Tumors， 2nd Ed. (Kram巴r

et al.， 1992)， 9 were follicular， 9 were plexiform， 5 were unicystic， 4 wer巴

acanthomatous， 4 were d巴smoplasticand 3 were basal a'meloblastomas. 

Based on the cytological patt巴rn，3 were basal ce11 type， 7 were columnar c巴11

type， 16 w巴remixed type and 8 were cuboidal ce11 typ巴. Tissue s巴ctions

slic巴din 4μm thickness w巴r巴 mountedon 3-aminopropyltri巴thoxy-silan巴

coated glass slides. The next step was proc巴eded to the 

immunohistoch巴mistry.
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For westem blotting， fresh ameloblastoma tissues of 14 patients (8 

males and 6 f，巴males)were frozen immediately in the liquid nitrog巴nafter 

r巴section.1i巴nameloblastomas w巴retaken from the mandible (71.4%) and 4 

ameloblastomas wer巴 fromthe maxilla (28.6%). Based on the羽喧O

classification， 3 wer巴follicular，3 w巴replexiform， 2 w巴reunicystic， 2 w巴re

acanthomatous， 2 wer巴 basaland 2 wer巴 desmoplasticameloblastomas. 

Based on th巴cytologicalpatt巴m，2 were basal cell type， 4 w巴recolumnar c巴II

type， 5 w巴remix巴dtyp巴dand 3 w巴r巴cuboidalcell typ巳.

d 
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AlI tissu巴 sectionswere deparaffinized and pr巴heat巴dfor antigen 

retrieval. Aft巴rcooling to room temperature， tissue sections were rinsed in 

phosphate bu妊巴r巴dsaline (PBS) (5 min x 3)， and incubated with 0.3 % 

hydrog巴np巴roxidefor 20 min. Tissue sections were then rinsed in PBS， and 

10 % normal goat serum was applied for 20 min. Mouse monoclonal anti-p53 

antibody (diluted 1:50) (DO-7， Novocastra， NewcastI巴， UK) and mouse 

monoclonal anti-MDM2 antibody (diluted 1:100) (1BlO， Novocastra， 
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Newcastle， UK) w巴reappli巴dovemight in a moist chamber at 40C. Tissu巴

S巴ctionsof oral squamous ce11 carcinoma were stained as positiv巴controls.

Negative controls w巴reprovided by substituting PBS for th巴firstantibodies. 

In each st巳p，samples were washed with PBS. 

The tissue sections wer巴lab巴ledwith a streptavidin-biotin m巴thod

using DAKO-LSAB阻t(LSAB2回tPeroxidase， Dako， Carpit巴ria，CA， 

USA) and visualized with diaminobenzidine (DAB， Histofine， Nichirei， 

Tokyo， Japan). Fina11y， tissu巴sectionswere count巴rstain巴dwith hematoxylin 

and coverslipped. On巳 thbusandce11s wer巴 countedfor巴achtissue section 

i 
using x40 objectiv巴 aI1dan eyepiece graticul巴 Thecounted areas w巴re

randomly s巴lectedand counted by 2 people. The average and standard 

deviation (SD) were calculated. lnd巴x= positive ce11s/1000 x 100%. Th巴

results w巴rerelat巳dto WHO histological classification and cytological pattem 

of outer lay巴rc巴l1s.The Mann-Whitney Test was done and P values of <0.05 

W巴r巴consideredstatistica11y significant. 
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Western blotting 

Fresh am巴loblastomatissu巴sfrom 14 cases and th巴431celllin巴were

treat巴dwith lysis buffer containing 50 mM Hepes/NaOH (pH 7.2)， 0.5 M 

NaCI， 5 mM  EDTA， 20 mM 2-Mercaptoethanol， Aprotinin (Sigma， St巴inheim，

Germany)， Leup巴ptin(Sigma， St. Louis， MO， USA) ， Pepstatin A (Sigma， 

Steinheim， Germany) and p-Amidinoph巴nyl methanesulfonyl Fluoride 

Hydrochlorid巴 (p-PMSF，Wako， Osaka， Japan)， and shattered m巴chanically.

0.2% Triton X-lQO and 0.1 % Sodium Dodecylsulfate (SDS) wer巴alsoadded 

in to th巴 mixture.The';proteins w巴reseparated using a 15% SDS-

4 
polyacrylamide gel and transferred to a polyvinyliden巴 difluoride(PVDF) 

1: sheet. After blocking with 5% dri巴dmilk solution， the sheets wer巴incubated

with the following first antibodies: mouse monoclonal anfi司p53antibody 

(dilut巴d1:500) (D07， Novocastra， Newcastle， UK) and mouse monoclonal 

anti-MDM2 antibody (diluted 1:50) (IF2， Oncogene， Cambridge， MA， USA). 

Biotinylated sheep anti-mouse IgG (diluted 1:500) (Amersham， 

Buckinghamshir巴， UK) was applied as the secondary antibodies. The bound 

antibodies were visualized by the alkalin巴 phosphatasereaction using 
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Vectastain ABC Kit (Vector， Burlingame， CA， USA). 

ELISA 

Th巴 ELISAwas performed according to th巴 protocolattached to the 

p53 Mutant Selective Quantitative ELISA (Oncogen巴， Cambridge， MA). 

Briefly， the whole c巴II巴xtractfrom A431 cells was done using swelling buffer 

(20 mM  Tris/HCI， 5mM EDTA， 1 mM p-Amidinophenyl methanesulfonyl 

F日luωrorid由巴 Hy同drochlorid由巴 Gやロ『♂PMSF，Wak加0，Os臼aka，Jap伊an吟 pH8め). Fourteen 

fresh ameloblastoma tissues obtained from the operating room w巴re

〆
immediat巴lyfrozen in the liquid nitrog巴nand extracted using白巴 same

composition lysis buff，巴rin the western blotting. The samples (celllines and 

ameloblastomaextracts)and thEP53standards WEreapplid ihto the coat巴d

wells and incubated at 40C. Th巴nthe p53 reporter antibody was added into 

each w巴IIand incubated at room temp巴raturefor 2 hours. The p巴roxidase

co吋ugatewas then added into巴achwell and incubated for 1 hour. Thirty 

minutes after applying th巴mixtureof substrate A and B， the absorbanc巴of

巴achwell was read on a sp巴ctrophotometricplate reader at a wavel巴ngthof 

50 
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|li 

405 nm. In all steps， th巴washbuffer was used to rins巴eachw巴11.

RESULTS 

Immunohistochemistry 

P53 (Fig. 1吟andMDM2 (Fig. lb， lc， ld) stained within th巴nucleiof 

cells. Tw巴nty-sixsamp1es (77%) were positive1y stained by a出予53antibody 

and 30 samp1巴s(88%) we}e positive1y stain巴dby anti-MDM2 antibody. Th巴

肝 erag巴P531aklingin4xwas261474andth巴averageof MDM2 1批 1ing

index was 6.92土1.72. There was no significant differenc巴inp53 1ab巴1ing

indic巴sof each type of am巴1ob1astomas，based on the WHO classification and 

cyto1ogica1 pattern (data not shown). 
持e. 

Bas巴don the WHO classification， the MDM2 1abe1ing index of basa1 

cell am巴1ob1astomawas s巴巴nto b巴 th巳 highest， followed by the MDM2 

1abe1ing indices of follicu1ar ame1ob1astoma， p1exiform am巴1ob1astoma，

acanthomatous am巴1ob1astoma，desmop1astic am巴1ob1astomaand unicystic 
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ameloblastoma respectively (Table 1)・TheMDM21abeling index ofbasal cell 

ameloblastoma was significantly (p<O.05) higher than those of acanthomatous， 

desmoplastic and unicystic ameloblastomas. 

1/ 

i 

‘‘‘ 

ゃ・
' 

52 

2640484655
長方形

2640484655
長方形

2640484655
長方形

2640484655
長方形

2640484655
長方形



Fig. 1. P53叩悶onin the basal cell type (a) and MDM2叩eSSlOns1 

basal cell (b)， columnar cell (c)叩 dcuboidal cell (のけpe(cytological 

pa伽mof outer layer) of ameloblastoma. 1: inner layer， 0: outer layer 

(%150). 
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Table 1. MDM2 labeling index in the relation with WHO classification 

MDM21abeling ind巴X

Histological type 
Number 
of cases M巴an::!:SD Range (%) 

(%) 

Basal ce11 
3 12.60:t1.82 9.14-14.55 

ameloblastoma 

Fo11icular 
7 7.29:t1.69 2.55-10.86 

ameloblastoma 

Plexiform 
7 6.32:!:2.24 2.06-10.14 

ameloblastoma 

Acanthomatous 
4 5.03:t1.97 1.56-7.75 

ameloblastoma 

D巴smoplastic
5 3.3l:t1.88 0.79-6.78 

ameloblastoma 

Unicystic 
4 2.15:t1.73 1.30-5.58 

ameloblastomψ 

〆

Based on th巴cytologicalpatt巴rn，the MDM2 labeling index of basal 

c巴11type was the highest， fo11owed by the MDM2 labeling indices of 

columnar， mixed and cuboidal cell type resp巴ctively(Table 2). MDM2 

labeling index of basal ce11 type was significantly (p<0.05) higher than that of 

cuboidal ce11 type. 
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Tabl巴2.MDM2 labeling ind巴xmr巴lationwith cytological pattern of the outer 

layer c巴l1sof am巴loblastoma.

Number 
MDM21abeling indは

Cytological pattern 
of cases Mean:!:SD Rang巴(%)

(%) 

Basal ce11 type 3 12. 95:!:l.47 9.43-14.55 

Columnar ce11 typ巴 8 7.16土1.39 2.49-10.96 

恥fixedtyp巴 12 6. 13:!: 1. 87 3.13-9.88 

Cuboidal c巴11type 7 5.78主1.21 1.30-7.28 

d 

〆
Western blotting 

百relvecases (86%) showed the weak band of p53 and all cases showed 

th巴MDM2band. The thick bands of A431 c巴111in巴wereshown for both p53 

and MDM2 as th巴positivecontrols (Fig. 2). 
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Fig. 2. Westem blotting expressions of p53祖 dMDM2in出eA431 cellline 

組 dameloblastoma. 

d 
ELISA 

〆

Only 2 cases were positive for p53 mutations (14%). Furthermore the 

amount of p53 in these cases were very low (0.33 n仰 1and 0.25 n仰 1)，

compared to the amount of p53 prese凶 inthe A431〆cellex回ct(3.48 n仰 1)・
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DISCUSSION 

Several papers reported on th巴巴xpr巴ssionof p53 and/or MDM2 in 

malignant tumors (Agarwal et al.， 1999; Matsumura et al.， 1996; Yon巴daet 

al.， 1998; Yao et al.， 1999) and benign tumors (Carvalhais et al.， 1999; 

Slootweg， 1995) of oral and maxillofacial region. Carvalhais et al. (1999) and 

Slootweg (1995) report巴dthat p53 and MDM2 were specific mark巴rsto 

identify the proliferative activity and tumor aggr巴ssivenessand that p53 and 

MDM2 may be relat巴dtωo)he巴odo叩n削nto印tωog酔伊巴釘I叫 le岱悶s凶山lOn

S刷 w巴getGIFt1995)report巴da sim伽 distribution制 levelofp53

and Ki-67， and that p53 expression was relat巴dto th巴 proliferationin 

odontogenic巴pitheliallesions. Using the proliferating mar，kers， PCNA and 

回-67(Sandra et al.， 2001)， our group previously reported that each type of 

ameloblastomas had differences in proliferativ巴 activity，however， in the 

present study， w巴couldn'tfind a significant difference in the p53 labeling 

index in 巴achtype of ameloblastoma， whether bas巴don the WHO 

classification or th巴cytologicalpattern. 
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Since the results of immunohistochemistry of p53 wer巴 doubt

(Wynford-Thomas， 1992; Battifora， 1994; Hall et al.， 1994)， even though the 

anti-p53 antibody used was specific， w巴confirm巴dits expression by western 

blotting. To test wheth巴rthe stain巴dcells contained p53. mutations， w巴

perform巴dth巴p53mutant selectiv巴test.With this test， we found that in most 

of th巴 stain巴dc巴lls，p53 was wild type. These r巴sultssugg巴stthat th巴

pres巴nceor abs巴nc巴 ofp53 mutations was not th巴 underlyingcaus巴 of

differ巴ntialproliferative activiti巴sof ameloblastomas. 

MDM2， which was<'report巴dto b巴 aninhibitor of tumor suppressor 

d 
function of p53 (Momand et al.， 2000; Lozano et al.， 1998; Juven・G巴rshonet 

。1.， 1999; Fr巴巴dmanet al.， 1999; Haines， 1997; Pi巴tteet al.， 1997; Yap et al.， 

1999; Zhang et al.， 2000)， was examin巴din the present study. In addition to 
-， 
' 

th巴p53prot巴in，MDM2 protein interacts with many additional proteins， such 

as pRB and E1F2， important factors involv巴din the Gl!S phase transition of 

the cell cycle (Momand et al.， 2000; Lozano et al.， 1998; Juven-Gershon et al.， 

1999; Freedman et al.， 1999; Yap et al.， 1999; Zhang et al.， 2000). Agarwal， 

et al. (1999) and Matsumura et al. (1996) reported that oral premalignant and 
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malign叩 ttumors diff，巴redin their MDM2巴xpressionlevels. In the present 

study， we found that MDM2 labeling indices were relat巴dto th巴 WHo

classification and th巴cytologicalpattern， and that most of the MDM2 positive 

cells were seen in th巴out巴rlay巴r，similar to the PCNA and Ki-67 expression 

patt巴rns(Sandra et al.， 2001). Th巴basalcell ameloblastoma that showed the 

high巴stMDM2 labeling ind巴xwas suggest巴dto be more progressive than 

oth巴rs.

S巴veralmethods to block the MDM2 expression and activate wild typ巴

p53w巴rereported， such ai blocking the interaction b巴tweenMDM2 and p53， 

rf 

lowering the levels of MDM2 and blocking the nuclear-cytoplasmic shuttling 

of MDM2 (Momand et al.， 2000; Preedman et al.， 1999; Zhang et al.， 2000)・

These g巴n巴therapiescould be suggest巴das on巴possibl巴aHernatmforthe 

e 

，ー. 
treatment of ameloblastoma in which MDM2 was found to be overexpressed. 
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CONCLUSION 

1. Histological pattem， cytological patt巴m，clinical app巴aranceand patient's 

ag巴wererelated to the proliferating activity of ameloblastoma. 

2. The radiographic appearanc巴andth巴tumor'slocation hao no correlation 

with ameloblastoma's prolif，巴ratingactivity. 

3. The basal c巴11type of cytological pattem was found to be th巴mostactively 

proliferating and th巴mostimmatur巴ce11type. 

4. Most of the am巴loblastomatissu巴scontain巴dBcl-2 prot巴m.

5. Th巴m吋orprotein of Ecl-X det巴ct巴din this study was th巳anti-apoptotic 

〆
protein， Bcl-XL. 

6. The outer lay巴rc巴l1shave th巴charact巴risticof apoptotic inhibition， while 

th巴mn巴rlay巴rce11s were und巴rgoingapoptosis 

7. Acanthomatous area， which was stain巴dstrongly by Bak and contained 

num巴rous t巴rmina11y apoptotic ce11s， was suggest巴d to ent巴rth巴

di妊巴rentiatedstage. 

8. p53 was d巴t巴ctedin the ameloblastoma tissue and most of th巴p53stained 

ce11s was the p53 wild type. 
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9. MDM2 labeling indices were related to the V.在:IOclassification and th巴

cytological patt巴rn，and that most of the MDM2 positive cells were seen in 

the outer layer. 

10.The basal cell ameloblastoma that showed th巴highestMDM2 lab巴ling

index was suggested to be more progressive than others. 

d 

//1 
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