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Formalin fixed and paraffin embedded  samples  
from 36 s q u a m o n s  cell carcinomas of the larynx 
and the oral cavity (pT,_NaMo, R{) surrounded by 
non- tumorous  mucosa  were  studied i m m u n o h i s t o -  
chemical ly  us ing  a panel  of  four different anti-p53 
ant ibod ies  (CM1, PAb1801, D07, PAb240), a 
monoc lona l  anti-rodin2 ant ibody and MIB1, fol- 
lowing  wet  autoclave antigen retrieval.  P53 immu-  
noreactivity was  detected in 11/14 laryngeal and in 
9/22 oral carcinomas.  All p53 posi t ive  oral, and all 
but one laryngeal  tumors  revealed m d m 2  posit ivity  
as well ,  whereas  in p53 negative  tumors 4/12 and 
1/3 mdm2 i m m u n o p o s i t i v e  cases were demonst-  
rated, respectively.  MIB1 label ing indices of  the 
tumors ranged be tween  18'7, - 64% in p53 posit ive  
cases, and 10% - 53% in p53 negative  ones.  The 

difference was  not statistically significant.  Close 
spatial coexpression of p53, m d m 2  and MIB1 im- 
munoreact iv i ty  was  observed at the invas ive  front 
of  the carcinomas and in the basal and suprabasal 
layers of  the non- tumorous  ep i the l ium in all p53 
posit ive  cases. However ,  the MIB1 expression was 
similarly increased at the invas ive  margins  in 
carcinomas lacking i m m u n o h i s t o c h e m i c a l l y  detect- 
able p53 alterations. Our results strongly suggest  
that p53 overexpress ion does  not necessari ly  corre- 
spond to increased rate of  proliferation, but rather 
to m d m 2  overexpress ion and is largely dependent  
on the anatomical  site in case of  small  and local ized 
squamous  cell carcinomas of the head and neck 
region. (Pa tho logy  O n c o l o g y  Research Vol 2, N o l - 2 ,  
37-42, 1996) 

K e y ,  orcLw p53: nldn12; MIB l: imniunohistochelnislry; wet auloclavc pretrealn]cnl; head ~til{t neck callcer 

httroduclio.  

Wild-type p53 has been recognized as an important 
supervisor {}f cell proliferation in order to mah]tain 
genomic stability. Upon recognizing DNA damage it ]lJ~t} / 
arrest the cells in cycle or initiate apot-~h)sis, dcpcnding on 
the cxlent of DNA injury or the type of cell. pu, Mutated 
or functionally inactivated p53 protein fails to exert these 
regulatory functions and may actively conMbute to abne r  
real cell growth. ]r rs P53 dysfunction has also recently 
been attributed to Ihe formation of st,:lble complexes with 
other proteins, such as viral proteins, ~ <-,5.> menlbers {}f t]lc 
heat shock i}roteins,~* or mdm2 oncopr{}tein.-'" Most of 
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these inactivated 1)53 complexes, due to their increased 
stabi lily', can be detected by anti-p53 antibodies. 

P53 has been detected inm]unohistochcmically in 32- 
549i {>f oral cancers and 44-84'4 of laryngeal cancers. 
Controversial results were l}ublished on the association {}f 
f}53 anomalies with Ki-67 (a proliferati{}n marker) in 
sqtl;.tmotJs cell cancers of the head and neck area. > 2J As 
incntioned, the acli~ily {of ~,ild type pS~ can be inhibited 
by mdm2, ->u however, if] head and lleck cancers no amp- 
]ification of the molto2 gene has been detected, yet. 2 

In this study, 36 squamous {_'ell carcinomas of the larynx 
and the era] cavity were immunohistochemically stained 
with a panel of anti-p53 antibodies, anti-rodin2 and M1BI 
antibody {which detects Ki-67 antigen in cycling cells), in 
order to topographically locate thcse proteins. Such an 
approach can provide indirect evidence of potential func 
tional links between the involved moleculcs. 
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Materials and Methods  

Formalin fixed and paraffin embedded tumor tissues 
lroil-i 36 squamotis cell calcillonms of the larynx and thc 
oral cavity with a tUlllor stage of T:N,NI R, (UICC) were 
retrieved from the files of the Department of Pathology, 
University of Innsbruck and the Department of Padlology, 
University of MiJnster. 2 pm thick serial sections were cut 
from the paraffirl blocks, mounted on poly-1,-lysine coated 
glass slides, and dried overnight tit 37>C. Afterwards, 
sections were dewaxed in xylene, rehydrated in a series of 
alcohols, and finally rinsed in distilled water. 

Alttociol'e ])#elFe(llltlelll 

Sections were immersed in plastic Coplin jars contain- 
ing citrate-buffer (0.01M Na-citrate. pH 6.0) and incu- 
bated in a G6ssner l,aborautoklav (GLA-40-2) at 120~ 
fi)r 5 minutes. Afterwards, sections were cooled to room 
temperature (30 minutes) and briefly rinsed with 0.05 M 
Tris-HCl buffer, pH 7.4. (For details see Bankfalvi el al. ') 

P r i , m  O' a,zibodie.s 

CM-I :  a rabbit polyckmal antiserum raised against full- 
length humal~ p53 expressed in E. Colt. "~'~ PAbl801: a 

murine monoclonal antibody that recognizes a dena- 
turation resistant epitope at the N terminus of both wild- 
type and mutant p53 proteins betwecn amino acids 32-79;; 
DO7: a murine inonoekmal antibody that recognizes an 
epitope bctween amino acids 1-45 both in wild-type and 
mutant forms of p53 protein;-'" PAb240: a murine 
monoclonal antibody that reacts with a common confor- 
mation dependent, denaturation resistant cpitope in mutant 
p53 variants (amino acids 213-217) "~, originally designed 
for fiozen sections, anti-rodin2: a lnurine i]]Ol]OClOliai 
antibody IF2, recognizing an epitope in the amino terminal 
portion of the human mdm2 protein: MIBI:  an anti-K( 67 
equivalent murine nlolloclonal antibody.; 

The fotlr anti-p53 antibodies were purchased frolll 
Medac (Hamburg), the MIBI antibody from Dianova 
(Hamburg) and the anti-rodin2 antibody from Oncogene 
Science (Hamburg). 

lmmu/mhi.~loc hcmi~ a/.'.,t,~inin<q ])]4~)(lC([I[]{~J 

Optirnal dilutions of the primary antibodies afler 
auloclavc pretreatment have been previously tested: CM-1 
1:20.000, DO7 1:500, PAb 1801 1:500, PAb240 1:50, anti- 
mdm2 I :l 0, MIB 1 1:500 in 9'>~ RPMI containing 9% heat 
inactivated hi,iman serum. Incubations with the primary 
antibodies were carried out overnight (14-16 hotirs) at 4~ 
Secondary immunostairiing reactions were performecl acco- 
rding to standard alkalinc phosphatase- anti-alkaline 
phosphatase (APAAP) protocol using ral3bit-anti-nlouse Ig 

1:30 iit TBS for the iw<)noclonal antibodies, alld a mouse 
anti rabbit lg l:125 in 'FBS for the polyclonal CM 1 anti- 
bed),, both for 30 itlilll_ites, at ioo111 lClltperatl_lre. Afterwards, 
hlcuhation with a i l lOtlse-JPi\AP complex was carried Otll 
in 1:100 diluted TBS for 60 nlhll,ites at roonl leillpel'ature. 
The secondary reagents were purchased fronl Dako 
(Copenhagen), For the PAb240, DO7 and mdm2 antibodies. 
a "double APAAP" reaction was pcrfomled (with one repeat 
for l0 minutes for both Ihe secondary antibody and the 
APAAP-complex). Colour dcveloplnent was carried out 
using a fresbly prepared Fast Red sohltion containing 
naphthol-As-biphosphate (Sigma) for 30 mill tit roonl tern- 
perature. For the mdm2 reactions, an NBT/BCIP (nitro blue 
te t razol ium, 5-bromo-4-ch loro-3- indoly l  phosphate)  
chromogen solution was applied R~r 30 minutes in the dark 
in a humidified chamber. Finally, slides werc rinsed in lap 
water, counterstained with Mayer 's  haematoxilin and 
mounted in Kaiser's glycerine-gelatine. 

Control: In negative controls, the primary antibodies 
were omitted. One gastric and one breast cancer sample 
with known p53 mutations and ovcrexpression were used 
as positive controls for p53. Normal tonsil sections were 
unsed for MIB 1 controls. 

hmntulo/ffsh~cllemic~fl ossexsmettl 

All immunohisiochemical reactions were assessed at lhe 
invasive edge of the respective tumors. Estimation of the 
proliferative tumor cell fraction was performed at a 400- 
fohl magnification using a 10x l t) eyepiece grid in a Zeiss 
microscope. The number of positively stained tumor cell 
nuclei was determined in at least 5 areas per tumor, each 
containing at least [00 tumor cells. The labeling indices 
(Lls) were expressed as perccntages of all cells counted. 
P53 scoring was performed as recommended by Fischer el 

a[.9: "strong, moderate, weak, scattered, cytoplasmic and 
negative." Mdm2 immunoreactivity was estimated as 
follows: +++ more than 50c~ positive cells, ++ 10-50% 
positive cells, + le~s than 109~ positive cells. "neg" no 
immunoreactivity detectable. Additionally, both p53 and 
mdm2 wcre assessed in the dysplastic and normal-looking 
lllt|cosa adjacent to the respective tumors. 

Results' 

hmmmosloinim<~ u ilD ,mti-:;5,? ~'nli!;r:,liv.; 

lmmunohistochenfical ly dcieciahle p53 was almost 
exclusively confined to cell nuclei. Additional intracyio- 
plaslnatic reactions could be observed in 2 cases using 
PAb240 and in one case using PABI801 antibodies, hnmun- 
oreactivity with all four anti-p53 antibodies could be 
detected in 8/22 oral- and in ,q/14 laryngeal carcinomas. We 
considered a tumor as "p53 positive" if it reacted with tit least 
one anti p53 antibody even if the reaction was designated as 
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Table  1. p53, m d m 2  and MIB1 immunoreactions at the 
invasive front of  laryngeal carcinomas 

MIIql 
Case CMI PAbl8(If Dr)7 I;/ll~2.1(t mdm2 (t.1'5) 

1. moderate strong strong weak ++ 5(I 
2. weak weak neg neg 4 q7 
3. we4k hog. weak neg neg 41 
4. weak weak we,lk neg + 42 
5. moderate moderate moderate moderate + 23 
~. moderate moderate moderate moderate ++ 60 
7. moderate moderate moderate moderate + 18 
8. weak strong strong strong ++ 58 
t,L moderate moderate moderate moderate ++ 27 

10. moderate moderate moderate weak ++ 64 
11. moderate moderate moderate weak =+ 3~ 
12. neg neg neg neg neg 27 
13. neg neg ueg neg I 34 
14. II.eg ne,q 11.eg neg lleg 47 

"weak". Thus,  the total rate of p53 positive oral and laryngeal 

carcinolnas was 9/22 and 11/14, respectively. The immu- 

nohistochemical  results arc summarized in Table I aml2.  
The four ant i-p53 ant ibodies  revealcd in most  cases 

s imilar  reaction patterns.  C M I .  PAbl801  and DO7 anti- 

bodies were lk)und to be negat ive in only 1 lUlllOr, whereas  

PAb 240 was negat ive  in 3 ltnllOl-S. If stained, the quant i ty  

of  p53 posi t ive cells was within fl'~e same range using the 

diffclenl  ant ibodies .  Different  scores werc main ly  due to 

the variabil i ty in s ta ining intensity. The remain ing  p53 

negat ive  cases (3/1 I hiryngeal and 13122 oral carcinomas) 
comple te ly  lacked p53 posi t ive  tumor  cell nuclei. 

P53 positive tumor  cells accumulated predominant ly  at 

the periphery of  the invading edge o f  the carc inomas ,a, here- 

Table  2. p53, rodin2 and MIB1 immunoreact ions  at the 
invasive front of  oral squamous  cell carcinomas 

Casv CM1 IL4b1801 DO7 l)Ab240 mdm2 MIBI 
(LIg',) 

1. neg moderate lnodcrate weak 4! 42 
2. moderate strong moderate weak t ~ 53 
3. moderate strong moderate weak ++ 37 
4. strong strong strong strong ++ 35 
5. moderate moderate weak moderate ++ 44 
6. strong strong moderale moderate + 40 
7. strong strong moderate strong ++ 4(1 
8. moderate moderate weak weak +~- 35 
9. strong strong moderate moderate + 53 

10. neg neg neg lleg hog 52 
I I ,  neg neg neg neg + 45 
12. neg neg neg neg neg 33 
13. neg neg neg neg F 10 
14. neg neg neg neg lleg 40 
15. nc G neg neg c, eg + 10 
16. neg neg neg neg neg 25 
17, neg neg neg neg neg 10 
I 8. neg ncg neg ncg neg 42 
19. neg neg neg neg neg 35 
2(I. neg neg neg neg neg 44 
21. neg neg neg neg ++ 48 
22. neg neg neg hog neg 53 

as the more differentiated and keratinizing central areas 

,acre consistently negative (l:iA, 1). The onl 5, grade 3 tumor 

showed a diffuse staining pattern (Fig.2). In tile adjacent 

non-tUlllOrO'dS mucosa, consist ing of  dysplastie and normal-  

looking epithelial components ,  p53 positivily was detected 

either fk)cally, in cell clusters, or diffusely distributed in fine 

basal and parabasal layers of  the epidermis  (/fit,'.3). Positive 

p53 immunorcact ions  coukl bc observed it~ Ihe adjacent 

nomml- looking epi thel ium in 13 oral and in 7 laryngeal 

cases, irrespective of  the p53 imnmnophcno type  of the 

minor. The same reactivity pattern was observed in dyspla- 

sias (positivity: 15 oral and 8 laryngeal cases). 

Figure 1. p53 posilive tmHor cells accznHulatc at the invasive 
zorn' ~(well dl~fcreHtiatcd squamou,, ~e'll corcinomos (PAb 180i 
aul ibody, x65) 

MIBI  immunostainit,g 

"File dis tr ibut ion o f  MIBI  posi t ive mino r  cells was simi- 

lar m p53 positivity. The M I B I  label ing indices (LI), 
calcula ted at the invasivc edge of  the tumors,  are shown in 

~lble.s 1 aml 2. In the adjacent  normal  mucosa,  MIBI  

react ion was conl ined  to the basal or occas ional ly  to the 

I 

I 

Figure 2. D@~sc ,fistributioll of p53 positive t tomv cells in a 
Grade 3 carcimmta (CM I mztibody, xlO0) 
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�9 . J .  

Figure 3. Focal occtmmlotion off p53 positive cells ahm,q the 
basal layer of m)rmal looking epithelium adi~we,t to ~ squmtlo,s 
cel] cnrcimmla (PAb 1801 ,mtibody, x250) 

'2 

Figure 4. MIB 1 positive ceils ut 

~~ 

m~nnal- (right sMe) a~id ill 
dysplastic epithelium (left side) (x65) 

parabasal layers. In areas of dysplasia or in situ 
carcinomas, a suprabasal or panepithelial MIB I reactivity 
was observed. (Fig.4). 

('Oml~avison q[the omi-p53 and MIB/  imm mosloinin~s 

Both p53- and MIB1 positive tumor cells v~ere prc- 
dnminantly accumulated at lhe invasive fronl of the 
carcinomas. In all p53 positive tumors cxamincd. 1)53 
immunoreactivity was associated with MIB 1 expression 
in a close spatial localisation (1,i;,.,~ a,h). but MIBI posi- 
tivily could also be observed without iiTm]unohistochc- 
mically detectable p53, If p53 hnmunorcactivity was 
present, it was localiscd similarly to MIB 1 positive cells 
in the normal and dysplastic mucosa compared. 

C(,rvlation wilk cli~licol~atllolo,~ical I~aVanielev.s 

No statistically significant correlations ''~ wcrc observed 
between both i)53 overexpression and MIP, I labeling 
indices with histopalhological and clinical parameters (age 
of the patients, localisation, clinical and pathological 
staging and histological differentiation grade of the tn 
mors). (Data not shown). 

lmmumr~'laini~zg with tile anti-rodin2 cmlibodv 

Mdm2 reactions were confined to the nuclei of cells both in 
tumorous and in non-tumorous epithelium and resembled the 
spatial distribution of the p53 and MIB1 reactions (Fig.6). 
Mdm2 positivity could he detected in all p53 positive oral- 
and in all, except two, p53 positive laryngeal carcinomas. 
Among the p53 negati'~,e tumors 4/12 oral- and 1/3 laryngeal 
cancers expressed mdm2 positivity. All but onc revealed 
scatlercd distribution (+). In non-tumorous mucosa adjacent 
to carcinomas, mdm2 immunoreactivity could be found in 13 
laryngeal and in 18 oral samples (Fig. 7). 

Cormelation belwee~ p53 and mdm2 e.wressio,i 

Statistically significant co-cxpression of p53 and mdm2 
proteins was found both in the carcinomas and in the 
adjacent non-tumorous inucosa (chi ~ = 31.5, p = 0.0001 ). 

I t  

~ , ,  . % 

, a .  , : L  

-%. ~ . 

Figure 5. a, b Colocalisatioll of p53 positive (5 0 and MIB1 positive tw~mr cells (Sb) at tile ilR,asive tumorflront. The amount ofp53 
posil ivity exceeds that ~( the M I B1 (DO7 amt MIB1 omibodies , x l O0 ) 
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< 

F(gure 6. Ttlc distrihHtion of mdm2 imnnmoreactivitff 
rescmbh's to/hat o,f lG3 and MIBI in StlUmTmt~s cell carci~lon',ns 
(x100) 

D i s c u s s i o n  

Conllllonly, sqtlanlous coil carcinolnas with tile same 
histological pattern often vary in their behavior according 
to the anatontical localisation within the head and neck 
region. Different prewllence of  p53 positive tun)ors at 
different sites wilhin this region has been aheady 
described. '~ Tlne siguificancc of the invasive edge of the 
tllnlors ill determining the nlalignant potential of 
s(.]tl;.inlOtlS cell CalCillOlllflS of the head and neck has been 
also cstablished2" hnmunohistochcmically detcctahle p53 
positivity of laryngeal tumors hats heen reported in 449; - 
84r of inwisive carcinolnas 22"s, in 50% of ill silu 
carcinomas and in 28% of the non-progressive lesions. '~ 
Additionally, p53 protein ovcrexpression has been fre- 
quently detected both in dysplastic and normal-looking 
mucosa in the vicinity of carcinomas. L'~" In oral 
squ;,tnlous cell carcinomas, p53 positivily has bccn report- 
ed in a prevalence rallge between 3()-5497 ~s> with frc- 
quenl occurrence in the adjacent non-tumorous mucosa.-" 
Our result with 79<~ p53 immunoposiiivity in laryngeal 

+ : ,.< 

Fi<~ure 7. Focol mdm2 ilmmmon,actiuitll iiz mild dlfsFhesia (tin" 
<Rlftu dYt'~7 I'&'c'ah'it t~D,~ pusit iuit! !  ns ~'i'lJ) LveO0) 

and 4()c/{ in oral squan)ous cell carcinomas is in accord- 
anco whh previol_lS observations indicat ing an anatomical 
site preferoncc o f  p53 poshivc lt lnlors ~ i i h in  the head and 
neck region. 

The ewllualion and results of  such studies could be 
Inampcrcd by the awiilability of antigens. We have recently 
shown that innnunohis lochcni ical  dcmonstral ions of p53 
protein in routinely formalin-t]xed and paraffin-embedded 
tumor tissues depends hlrgcly on antigen retrie\'al. -~4 

The lk)tir different anti p53 antibodies tised in this study 
were directed against diflerent epitopes or couformational 
variants of  the p53 protein. The expression inteusity of 
thesc p53 variants within a given tumor reflects more 
intcr- than intraiumoral heterogeneity. Our finding that 
even in p53 negative carcinomas a p53 imnltmoreactiviiy 
can exist in neighbouring mild to severe dysplasias or in 
r iornia l - looking basal or parabasal epithelial cells is in 
accordance with the restllts of Nees el al. "~ 

hnmunohistochemically detectable p53 protein accumtl- 
lation within the cells marks a dysfunction of the p53 
system. The coexprcssion of p53 and mdm2 in the 
carcinomas suggests, that besidc mutations of the t)53 
gene, which occur in about 70% of head and neck can- 
cots, -'J' complcx formation between the two proteins may 
contribute to the inactiwttion and accumulalion of the p53. 
P53 ovcrexpression in non-neoplaslic cells could repre- 
sent, in theory, a controlled inhibition of cell proliferation 
due to D N A  danlage, or in dysplasias the aCCLUnuhltion of  
funct ional ly inactivated p53 protein as an early sign o f  
uncontrolled proliferation. 

It is intr iguing that an increased cell prol i ferat ion rate 
can be observed at the invasive front o f  squan/ol.lS cell 
carcinorlias of the larynx and oral cavity and in basal 
and/or suprabasal layers of the non-lumorous mucosa 
regardless of  whether inmiunohistochein ical ly  demon- 
sirable p53 protein accuillulation is present or ilOt. How- 
ever. this result might simply indicate lhat the regulation 
of  cell proliferation is not entirely p53 dependent. 

I~eference,~ 

I. Amrar  K, N<lL~t/<ukl K, /nun H, ,'Vai/,i 11 and Im~.u&t M." Ow_'r 
expression of p53 protein in htlllian lal')llOea] carcinOllla, lnl J 
("aI1CCI" 53:752-CJ5( "~, ] 00~. 

2. ,.t/zoma<D".,D~, ./C, Barmi~ M, f'o,.,el 5, Lu Bilm/z ML. I)om' 
Raw 5', Dul i l la rJ  P, Ammm! .IP anJ Rimt G." High incidence 
Of 1757 tlitCF,.i[i()ll:~ (l]]klitl[iOIi. dcIci ; idh tl,luIc'kiHcm',it)ll) ill head 
and llcck priinar_v tun]ors and 111elaMases; absence of  COfl'O]~.i 
lion with clinical OlliCOllle. Pl'CqClelll prolcin overl2xprcs, qiOll in 
llOllllal cphhdiunl arid ill c~ii-iy llt)ll-Jll'~a~,ivo lesions. 
Oncogcne I 0:1217-1227, 1995. 

3. lhhdii~fl~ i A, ,,'Val'ahi H, Bier B, B/Jckur l,t{ ,his<rot t7 am/S~hmiJ 
t~'ll': \\"r ~ltllOCia~e pl'r l ]) l alltiUOll retrieval in dia 7 
noslic inmmnohlslodlemislry. J Pafllol. 174:223 228, 1994. 

4. ]ealtk~ L. ,'llalltlusltcn.~kl G, ('letnjenU LV: [soh/lioil of htllnflli 
p53 specific n]oilc)clolial antibodies and fl]eir i_D, t2 hi lhe sltld) 
O1" htlmall p53 oxpresqon. ~tli J Biochem. 159:529-5 :~d, 1986. 

Vol 2. No I 2, 1996 



42 P I F F K 0  el al 

5. Brvne M, Koppan~ HS, l.ith'nA, R and K]adwim A." Malig 
nancy grading of the deep invasive margins of oral sttuamous 
cell carcinomas has high prognostic value. J Pathol 166:357- 
361, 1992. 

6. Bp3"neM, .len,ssen N and Boysen M: l listological grading in lhe 
deep invasivc front e l  TI and T2 glottic squamous cell 
carcinomas has high prognostic wdne. Virchow~; Arch 
427:277-281, 1995. 

7. Cottoretti G, lJecker MHG, Kex G. Duchron M, Sehliiter ('. 
Galle .l and Gerdes ,l: Monochmal antibodies against recombi- 
nant parts of the Ki-67 antigen (MIB I and MIB3) detect prolif- 
erating tells in microwave-processed formalin-fixed paraffin 
sections. J Patlml 168:357-363, 1992. 

8. Doh'etti R, Do,qlioni C, Maestco R, Ga.s7;arotto l), l~arzan L, 
Pmtore A, Rmmmelli  M end Boiocehi M: p53 overcxpression 
is an early event in the development of human squamons cell 
carcinoma of the larynx: genetic and prognostic implications 
lnt J Cancer 52:178-182. 1992. 

9. Fischer C J, Gillett C/5, IA?jte,~ek B, Barnes DM and Milli,~ RR: 
Problems with p53 imnmnohistochemical staining: the effect 
of fixation and variation in the methods of ewduation. Br J 
Cancer 69:26-3 I, 1994. 

10. Gannon JV  Greaves R, lgs R and Lane DP: Activating 
mutations in p53 produce a common conlVwmational etlect. A 
monoclonal antibody specific for the mutant form. EMBO J 
9:1595-1602, 1990. 

II. Hollstein M, Sidransky D, ~/))gelstein B and Harris CC: p53 
mutations in human cancers. Science: 253:49-53, 1991. 

12. Kastatl MB, Onyekn'ere O, Sidr~Tnskv D and Vogelstein B, 
Craig RW: Participation of p53 protein in the cellular response 
to DNA damage. Cancer Res 51:6304-6311, 1991. 

13. Lane DP and Crmtjbrd Lie., T antigen is bound to a host pro- 
tein in SV40 transformed ceils. Nature 278:261-263, 1979. 

14. Lett,ta~t ?;,4, Bennett WP,, Metcalf  RA, Welsh JA, Eeker J and 
Modali RE" p53 mutations, ras mutations and p53-heat shock 
protein complexes. Cancer Rex 51:4090-4096, 199 I. 

15. Levine A,I, Pert 3' A. Chang A, Sih'er A, Dittmer D, Wu M emd 
Wels'h D: The 1993 Walter l[ubert lecture: The role of the p53 
tumour-suppressor gene in tumorigenesis. Br .l Cancer 69:409- 
416, 1994. 

16. Lowe S!,+,( Ruler llE, ,hu'ks T and  Houseman DE: p53 depend- 
ent apoptosis modulates the cytotoxicity of anticancer agents. 
Cell 74:957-968, 1993. 

17. Maestro R. l )ohet t i  R, Gasl~Ot'otto D, Doglioni (7, l~ehtcchi S, 
Barcan L, Grandi t:' and Boiocehi M: High frequency of p53 
gene alterations associaled with protein overexpression in 
hmnan squamous cell carcinoma of lhe larynx. Oncogene 
7:1159-1166, 1992. 

18. Matthews JB, Sezdly C, Jovanovic A, Van der Waal l, }~i, udall 
WA and PHme SS: Relationship of tobacco/alcohol use to p53 
expression m patients with lingual squamous tell carcinomas. 
Oral Oncol Eur .I Cancer 29B: 285-289, 1993. 

19. MMg/ey CA. Fi.dzer C J, Bartek ,I, ~,f!jtesek lL Lane DP and 
Barnes DM: Analysis of I753 expression in human tumours: an 
antibody raised against human p53 expressed in E. coll. ,I (?ell 
Sei 101:183-189. 1992. 

20. Mohmcmd ,I, Zambetti (;P,, OIson I)C, GeoJ~,~e D end Levine 
A J: The mdm2 oncogene product I'orm~, complex with the p53 
protein and inhibits p53 mediated transactiwltion. Cell 
69:1237-1245. 1992, 

21. Mztm'k-Wikland E. E~LstrOm S, Jungmark E, Kuvle;ts'tiermt R, 
Lindhohn .l and After (;: Nuclear DNA content, proliferating 
cell nuclear anligen (PCNA) and p53 immunostaining in 
predicting progression of laryngeal cancer in sitn lesions. Int. 
J. Cancer 56:95-99, 1994. 

22. Nees M, Homomz N, Di.~eher H, Andl 71 Emlers C, He- 
rohI.Memle C, Schumann A aml Bosch FX: Expression of 
mutated p53 occurs in tumor-dishmt epithelia of head and neck 
cancer patients: a possible molecular basis for the develop 
ment of muhiple tumors. Cancer Res 53:4189-41 <)6, 1993. 

23. Ogden GR. Kiddie RA, Ltmny I)P and Lane DP." Assessment 
of p53 protein expression in normal, benign and tnalignanl oral 
mucosa. J Pathol. 166:389-395, 1992. 

24. Pififl,~5 .I, Bdnk/ah'i A, O.filer D. .lees U, B&'ker W and SehmM 
K~'K" hnmunohistochemical detection of p53 protein in archival 
tissues from squamous cell carcinomas of the oral cavity using 
wet autoclave antigen retrieval. J Pathol 176:69 75, 1995. 

25. Pi~k~J J, B&d@th'i A, Ofiwr D, Beren.s A, Tkotz Z Joo,s U, 
B&'ker W and Sehmid KW: Expression of p53 protein in oral 
squamous cell carc inonlas  and adjacent noll-ltlnlorol.Is nMicosa 

of the floor of the mouth: an archival in'maunohistochenical 
study using wet autoclave pretreatment for antigen retrievah J 
Oral Path Med 24:337-342, 1995. 

26. Sehef)ner M, ~}{,rne.*s BA, Huibregste JM, Levine A.I and 
Howley PM: The E6 oncoprotein encoded by human 
papilloma virus type 16 and 18 promotes degradation of p53. 
Cell 63:112%1136, 1990. 

27. SIootwe A, P.I, Koole R and Hordtjk U.L" The presence of p53 
protein in relation to Ki-67 as cellular proliferation marker in 
head and neck squalllOUS cell carcinoma and adjacent 
dysplastic mucosa. Oral Oncol, Eur J Cancer 30B: 138-14l, 
1994 .  

28. 14~jte~'ek B, Bartek J, MMgley CA and Lane DP." An imnmno 
chemical analysis of the human nuclear phosphoprotein p53: 
New monoclomd antibodies and epitope mapping using re 
eombinant p53. J [mmunol Methods 151:237-244. 1992. 

29. ~,{trnakulaxm'iva KAAS and Johnson NW: Association of 

ovcrexpression of p53 oncoprcotein with the state of cell 
proliferation in oral carcinoma, l Oral Pathol Med 23:246-250, 
1994. 

30. Wilkinson L: SYSTAT: The system of statistics. Evanston, IL, 
Systat Inc. ,  1989 .  

31. Wu X, Bayle JH, Olson D and Levine A.I: The p53-mdmd2 
+ I_ ~, 1993. atttoregulatorv feedback loop. Genes De',, 7:1126 I 3 ~ 

PATHOIX)GY O N C O L O G Y  RESEARCH 


