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Abstract In order to evaluate the expression of p53 pro- 
tein in 28 premalignant and 40 malignant squamous cell 
proliferations of the larynx and its relationship to tobac- 
co consumption, human papillomavirus infection and 
differentiation grade of the lesions, p53 expression was 
examined by means of a microwave post-fixation immu- 
nohistochemical method using the PAb 240 and PAb 
1801 monoclonal antibodies. HPV infection was as- 
sessed by non-isotopic in situ hybridization (NISH) and 
polymerase chain reaction (PCR). A large proportion of 
carcinomas (77.5%) and dysplasias (61%) expressed 
p53. No difference was found between differentiation 
grades of the lesions regarding p53 detection (P>0.1), 
but moderate or intense p53 expression was more fre- 
quent in the carcinomas (P<0.05). A statistical correla- 
tion was found between cigarette consumption and both 
p53 detection and p53 staining intensity (P<0.05 in each 
case). HPV study revealed HPV 16 and 18 infection only 
in carcinomas. The frequency was 28% and the physical 
state of the virus as demonstrated by NISH was inte- 
gration into the genome. We observed an inverse rela- 
tionship between HPV infection and p53 expression 
(P=0.006). Our findings suggest that p53 overexpression 
is a common and early event which increases in frequen- 
cy with progression of laryngeal squamous cell carcino- 
ma. The expression of p53 is influenced by tobacco and 
high-risk types of HPV. 
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Introduction 

Squamous cell carcinoma is by far the commonest ma- 
lignant tumour of the larynx [4]. Although there is strong 
evidence that tobacco and alcohol abuse are correlated 
with its oncogenesis, there is little genetic information 
concerning the linkage between these xenobiotic agents 
and squamous cell carcinoma of the larynx (LSCC) [43, 
56, 64, 67]. Because epidemiological evidence suggests 
that both alcohol and tobacco use are related to the de- 
velopment of lung and oesophageal cancer, in which mu- 
tations of the p53 gene are frequent events [32, 36], it is 
tempting to speculate that the p53 gene represents a par- 
ticularly susceptible cellular target for these agents in 
LSCC. The p53 gene is localized to 17q13 chromosome 
and encodes a 393-amino-acid (aa) protein which struc- 
turally resembles a transcriptional activator factor. This 
p53 protein functions as a negative cell growth regulator 
and may play an important part in genomic stability and 
DNA repair [38, 39]. Loss of wild-type p53 function by 
mutation, by complex formation with viral products or 
with cellular negative regulator(s) such as the mdm2 
gene products, or by alteration in subcellular localization 
removes an important tumour suppressor mechanism and 
promotes tumorigenesis [70]. 

Epidemiological studies indicate that loss of p53 ac- 
tivity by mutation represents the most frequent genetic 
abnormality in human cancer [39]. In addition, p53 can 
be degraded by complexing with high-risk human papil- 
lomavirus (HPV)-E6 protein via the ubiquitin pathway 
[53]. The role of HPV has been well documented in pre- 
neoplastic and neoplastic squamous cell proliferations in 
a number of body sites such as the skin, female lower 
genital tract, and oesophagus [18]. In the larynx, HPV 
infection has been known to cause juvenile and some 
cases of adult papillomatosis [50, 63]. Information con- 
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Table 1 Summary of results of human papillomavirus (HPV) positivity in laryngeal squamous cell carcinomas (LSCCs) and dysplasias 

Study Country Year LSCCs Dys- HPV subtype positive Method 
plasias 

6 11 16 18 30 31 33 35 S/B f PCR D/B fIn situ 
hybrid- 
ization 

Kahn et al. [37] Germany 1986 42 - 1 + 
Scheurlen et al. [55] Germany 1986 36 - 1 + 
Brandsma et al. [8] USA 1986 6 a - 6 + + 
Dekmezian et al. [16] USA 1987 1 - 1 + 
Syrjanen et al. [62] Finland 1987 116 - 4 9 6 + 
Morgan et al. [49] UK 1990 10 - 4 b 4 b + 
Perez-Ayala et al. [51] Spain 1990 48 - 26 + 
Perez-Ayala et al. [51] Spain 1990 3 a - 3 + 
Hoshikawa et al. [35] Japan 1990 34 - 1 6 + 
Watts et al. [66] USA 1991 9 - 3 c 3 c 1 d l d + + 
Hong et al. [34] China 1991 6 - 3 + 
Anwar et al. [1] Japan 1993 43 - 3 e 14 e 1 e + + 
Our study Greece 1994 40 9 2 + + 

28 

aVerrucous LSCCs 
b HPV subtypes 16 and 33 were detected in the same samples 
c HPV subtypes 6 and 11 were detected in the same three samples 
d HPV subtypes 6, 11, 16 and 18 were detected in the same sample 

e Of tWO of the samples that were HPV l 8 positive, one was also 
positive for HPV 33 and one for HPV 16 
~ S/B and D/B denote Southern blot and dot blot, respectively 

ce r n ing  the i n v o l v e m e n t  of  H P V  in  L S C C  is l imi t ed  and  
conf l i c t ing  (Tabel  1). 

Th i s  s tudy was u n d e r t a k e n  to inves t iga te  the expres-  
s ion  of  p53 pro te in  in  p r e m a l i g n a n t  and  m a l i g n a n t  squa-  
m o u s  cel l  p ro l i fe ra t ions  of  the l a r y n x  and  its r e l a t ionsh ip  
to poss ib le  c a r c i n o g e n i c  factors ( tobacco,  h igh- r i sk  H P V  
in fec t ion)  and  to pa tho log ica l  fea tures  o f  the les ions .  The  
exp res s ion  o f  p53 p ro te in  was e x a m i n e d  wi th  the mic ro -  
wave  pos t - f ixa t ion  s t rep tav id in  horse rad i sh  pe rox idase  
(HRP)  i m m u n o h i s t o c h e m i c a l  me thod ,  and  H P V  detec-  
t ion  was assessed  by  n o n - i s o t o p i c  in  si tu h y b r i d i z a t i o n  
(NISH)  and  p o l y m e r a s e  cha in  reac t ion  (PCR).  

Materials and methods 

Sixty-eight buffered formalin-fixed, paraffin-embedded laryngeal 
specimens of dysplasia or SCC were obtained from the pathology 
files of the "Red Cross" Hospital, Athens. All specimens were re- 
moved endoscopically and selected on the basis that tumour or 
dysplastic cells comprised more than 70% of the tissue block. 
Slides from all cases were reviewed and classified into six broad 
categories according to the grading system proposed by Hellquist 
et al. [30] for dysplasias and Broder's method for carcinomas [20, 
46]: 1, 2 and 3, grade I, II and III (in situ carcinoma) dysplasias; 
4,5 and 6, grade I, II and III LSCCs. In the first three groups 10, 8 
and 10 laryngeal dysplasias were placed, while in the three other 
groups 13, 18 and 9 LSCCs were placed, respectively. The mean 
age of patients with dysplasia was 55, 53 and 63 years, respective- 
ly, of those with LSCC 64, 65 and 60 years. No form of radiation 
or other preoperative therapy was mentioned in the patients' clini- 
cal history. The patients were classified according to smoking pat- 
tern into group A (20 cigarettes or more per day) group B (fewer 
than 20 cigarettes per day) and group C (non-smokers). In group A 
the mean number of cigarettes consumed daily was 33.04 (stan- 
dard deviation, SD 10.21) while in group B it was 7.76 (SD 2.3) 
(P<0.05). A group of specimens of normal laryngeal tissue was 
also included. 

Immunohistochemical analysis of p53 protein was undertaken 
using the mouse monoclonal antibodies PAb 240 [23] and PAb 

1801 [3] (both antibodies from Oncogene Science). PAb 240 rec- 
ognizes an epitope between aa 156 and aa 335, and PAb 1801 rec- 
ognizes an epitope between aa 32 and aa 79. Serial sections 5 gm 
thick were cut from all paraffin blocks and mounted on Vectabond 
(Vector Labs, Burlingame, Calif., USA) -treated glass slides. The 
slides were air-dried at room temperature (RT) for at least 24 h. 
Then sections were dewaxed, rehydrated and endogenous peroxi- 
dase activity was blocked with 0.6% H202 in 80% methanol for 20 
min. Next the sections were washed with double distilled water 
(ddH20) and placed in a plastic container (Sigma) filled with the 
following microwave oven (MWO) solution: 0.01 M sodium ci- 
trate Na3C6HsO7.2H2 O, 0.01 M sodium bicarbonate NaHCO.~ and 
0.01 M HC1/sodium citrate buffer pH 6.0. The jar was irradiated in 
a Polaron H2500 microwave processor (BioRad, Watford, UK) for 
10 min (2x5 min) at a power output equivalent to 600 W, ensuring 
no loss of buffer during the first cycle. It has been shown that 
MWO treatment is superior to convetional enzymatic treatment in 
unmasking p53 protein in routine material [10]. 

The sections were then rinsed in ddH20 water and TRIS-buf- 
feted saline (TBS; 0.05 mol/1 TRIS-HC1, 0.10 moll1 NaCI, pH 
7.2). The second incubation was in biotinylated rabbit anti-mouse 
[F(ab') 2 fragment; Dako, Denmark] diluted 1:200 in TBS for 25 
min and the third, after a wash with ddH20 and TBS, and in strep- 
tavidin-HRP (Dako, Denmark) diluted 1:300 in TBS for 25 min. 
Signal was developed using diaminobenzidine and hydrogen per- 
oxide as chromogen. Slides were then counterstained in haematox- 
ylin and mounted. Lung carcinomas expressing p53 were used as 
positive controls, and mouse IgGl mAb of unrelated specificity 
and the IgG fraction of normal rabbit serum were used as negative 
controls. All p53-positive nuclei were counted and classified using 
the following semiquantitative method: (+)=<10% positive cells, 
(++)=10-50% positivity and (+++)=>50% positivity. 

For NISH of HPV, probes for subtypes 6, 11, 16, 18, 31, 33 
and 35 were used. The HPV 6 probe consisted of the amp2 frag- 
ment of the viral genome cloned into pBR322 [59]; the HPV 11 
probe, the whole viral genome in pBR322 [14]; the HPV 16 
probe, the whole viral genome in pAT153 [60]; the HPV 18 
probe, the whole viral genome in pBR322 [6]; the HPV 31 probe, 
the whole viral genome in pT713 [40]; the HPV 33 probe, the 
whole viral genome in pBR322 [11]; and the HPV 35 probe, the 
whole viral genome in pT713 [41]. Digoxigenin was incorporated 
into plasmid DNA by nick translation [31]. The nick translation 
fragments ranged in size from 50 to 1000 bp with a median of 
200-400 bp. 
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Table 2 Sequences of oligonucleotide primers 

HPV Sequence (5"-~3") Genomic 
type location 

Size of 
amplified 
product 
(base 
pairs) 

6 A GCTAATTCGGTGCTACCTGT 401-420 140 
B CTGGACAACATGCATGGAAG 521-540 

11 A CGCAGAGATATATGCATATG 221-240 90 
B AGTTCTAAGCAACAGGCACA 291-301 

16 A TCAAAAGCCACTGTGTCCTG 421-440 120 
B CGTGTTCTTGATGATCTGCA 521 540 

18 A AC CTTAATGAAAAACCAC GA 371-390 100 
B CGTCGTTGGAGTCGTTCCTG 451-470 

8.8, 50 gM KC1, 1.5 ~tM MgCI~, 0.1% Triton Xl00, 80~tM of 
each dNTP (dATR dCTR dGTP and dTTP), 1 gM of each primer 
and 1.5 units of the Taq DNA polymerase (Promega, Madison, 
Wis.). Template DNA was first denatured at 95 ° C for 10 min be- 
fore addition of Taq polymerase at 72 ° C. This was followed by 35 
cycles of PCR with incubations of 2 rain at 37 ° C (annealing), 2 
min at 72 ° C (polymerization) and 1 min at 95 ° C (denaturation). 
Appropriate negative and positive controls were used in each set 
of reagents. After amplification, 10 gl of the reaction mixture was 
taken for electrophoresis on 10% polyacrilamide gels. The reac- 
tion products were visualized by ethidium bromide staining. 

All statistical correlations were based on the chi-square (Z a) 
test with Yates' correction. An additional two-tailed Fisher's exact 
test was used only when the number of samples in any cell of a 
given statistical table was 5 or fewer. 

Results 

Paraffin wax sections 5 gm thick were cut and attached to glass 
covered with aminopropyltriethoxysilane, which allows the use of 
higher concentrations of enzyme without loss of cellular material. 
Briefly, the sections were deparaffinized in xylene and then rehy- 
drated in gradient ethanol washes. Nucleic acid unmasking was as- 
sessed by incubating the sections in proteinase K (Boehringer, 
Germany) at a concentration of 500 gg/ml in phosphate-buffered 
saline (PBS; 10 BM phosphate, 100 gM NaC1, pH 7.2) for 15 min, 
washing them thoroughly in ddH20 followed by PBS and drying 
them at 75 ° C. Aliquots of hybridization mix (10 ml) containing 
10-20 ng of the appropriate labelled probe were added to each 
well on multispot slides, covered with a 14-ram glass coverslip 
and the slides placed in a moist Terasaki plate, Hybridization mix 
consisted of 50% formimide, 5% dextran sulphate (BDH, UK), 
2×SSC, and 0.05 mol/1 TRIS-HC1 (pH 7.3); I×SSC=0.15 tool/1 so- 
dium chloride, 0.015 mol/l sodium citrate. Sections and probes 
were simultaneously denatured at 95°C for 15 rain on a solid 
stainless steel plate in a hot air oven and then hybridized at 42 ° C 
for 2 h. 

Detection was performed using a three-step method. Briefly, 
slides were washed in three changes of 4xSSC at 20 ° C (5 rain 
each change), soaked in blocking agent TBT [0.05 mol/1 TRIS- 
HC1, 0.10 mol/1 sodium chloride (pH 7.2) containing 3% (w/v) bo- 
vine serum albumin and 0.05% (v/v) Triton X100] at RT for 10 
rain. Sections were incubated in monoclonal antidigoxin (Sigma, 
UK) diluted 1:10000 in TBT for 30 min at RT. A second incuba- 
tion was in biotinylated rabbit anti-mouse F(ab')2 fragment (Dako, 
Denmark) diluted 1:200 in TBT and the third in avidin-peroxidase 
(Dako, Denmark) diluted 1:75 in TBT containing 5% (w/v) non- 
fat milk. 

The signal was developed using aminoethylcarbazole and hy- 
drogen peroxide (Zymed, USA). After probe detection, slides 
were air-dried at 42 ° C, counterstained progressively in haematox- 
ylin, and mounted in glycerol jelly. As positive controls, CasKi 
and SiHa cell lines were used for HPV 16, HeLa ceils for HPV 18, 
positive cervical warts for HPV 6 and 11, and positive cervical 
SCC for HPV 31, 33, and 35. 

Molecular analysis was performed on adjacent 5-~tm sections 
of the paraffin-embedded tumour tissue. Serial 5-gm sections were 
processed, and the first section was stained with haematoxylin and 
eosin to visualize the extent of the tumour cells within each sam- 
ple. The boundaa-ies of the malignant tissues were delineated mi- 
croscopically and excess stromal tissues were excised from paraf- 
fin sections on the slide using sterile surgical blades, in order to 
ensure that only neoplastic cells were included. The remaining 
neoplastic tissue was scraped with a sterile blade and collected in 
a 1.5-ml microcentrifuge tube. DNA was extracted as previously 
described [25]. 

HPV sequences were detected by PCR using oligonucleotide 
primers complementary to sequences in the E6 region of HPV 
types 6, 11, 16, and 18 (Table 2). 

Five-microlitre quantities of the DNA solutions were used for 
PCR in 50 ~tl reaction mixture containing 10 gM TRIS-HC1, pH 

Six ty-e igh t  la ryngea l  dysp las ias  and LSCCs  were  as- 
sessed for levels of  p53 express ion  us ing a combina t ion  
of  two ant ibodies  (PAb 240 and PAb 1801). Seventeen  of  
28 (61%) o f  the dysp las ias  and 31 of  40 (77.5%) of  the 
ca rc inomas  showed immunoreac t iv i ty  for p53 protein.  
Immunos ta in ing  for both ant ibodies  gave ident ica l  re- 
sults with the except ion  of  one grade I dysp la s i a  and two 
grade  I L S C C s  which  were posi t ive  for PAb 240 and 
negat ive for PAb 1801. The pat tern of  immunoreac t iv i ty  
was exc lus ive ly  nuclear  (Figs.  1, 2). There  was no reac- 
t ion in normal  l a ryngea l  ep i the l ium or s t romal  cells.  
Variat ions were  observed  in the percen tage  of  react ive 
cells,  ranging f rom 10% to 90%, as wel l  as in the intensi-  
ty of  s taining be tween  nuclei  of  the same tumour.  

The relat ionships of  p53 staining pattern with histolog- 
ical grade and smoking are summar ized  in Tables 3 and 4. 
No significant difference was found in p53 immunoreac-  
t ivi ty between dysplas ias  and carc inomas [ 17/28 (61%) vs 
71/40 (77.5%), Z2=2.24, P=0.135],  but modera te  or in- 
tense p53 expression (with posi t ivi ty ranging from - 5 0 %  
to >75% of  the cells) was statist ically more  frequent in 
carc inomas than dysplas ias  [24/40 (60%) vs 7/28 (25%), 
Z2=5.22, P=0.04].  Detect ion of  p53 was signif icantly 
more frequent in group A than group B smokers  [33/39 
(84.6%) vs 14/26 (54%), Z~-=5.92, P=0.015].  We also ob- 
served a strong correlat ion be tween moderate  (++) or in- 
tense (+++) p53 staining and smoking in group A com- 
pared with group B [25/33 (75.8%) vs 6/14 (42.9%), 
Z2=4.74, P=4.74,  P=0.029 Fisher 'g  exact  test P--0.034]. 

N I S H  revealed  HPV 16 D N A  in 7 of  40 L S C C s  
(17.5%).  Of  the HPV 16-posi t ive  cases 4 of  7 and 3 of  7 
were  grade II and grade I l l  L S C C s  respect ively.  The re- 
main ing  ca rc inomas  were  negat ive for HPV 6, 11, 18, 
31, 33, and 35. Dysp las ias  were  also negat ive for  HPV 
DNA.  The hybr id iza t ion  pat tern was random in distr ibu-  
t ion and took the form of  a dis t inct  red punctate  s ignal  
(dots) on a c lean backg round  of  haematoxy l in - s t a ined  
nuclei.  This  type of  hybr id iza t ion  signal,  cont ras t ing  
with the diffuse and granular  one, is indicat ive  of  HPV 
integrat ion (Fig.  3). The number  of  cells  that showed a 
posi t ive  N I S H  signal  in each turnout  ranged  f rom a few 
i so la ted  cells to a lmost  all cel ls  in some carc inomas .  
PCR analys is  conf i rmed  the N I S H  results  (7/40 L S C C s  
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Fig. 1 Immunohistochemical 
detection of p53 protein stained 
with PAb 1801 in a grade II 
laryngeal dysplasia with 
haematoxylin-stained 
background. 
Diaminobenzidine, x400 

Fig. 2 Immunohistochemical 
detection of p53 protein stained 
with PAb 240 in a grade II la- 
ryngeal squamous cell carcino- 
ma (LSCC). x400 

Fig. 3 Punctate non-isotopic in 
situ hybridization signal repre- 
senting integration of human 
papillomavirus (HPV) 16 in tu- 
mour cells of a LSCC. Amino- 
ethylcarbazol/peroxidase, 
×1000 
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Type of lesion Expression of p53 

No of (-) (+)-10% (++)-50% (+++)-75% Total p53 
lesions n (%) n (%) n (%) n (%) expression 

n (%) 

Dysplasias 
1. Grade I 10 6 (60) 2 (20) 2 (20) 0 (0) 4 (40) 
2. Grade II 8 2 (25) 5 (62.5) 0 (0) 1 (12.5) 6 (75) 
3. Grade III (in situ) 10 3 (30) 3 (30) 1 (10) 3 (30) 7 (70) 

Carcinomas 
4. Grade I 13 3 (23.1) 3 (23.1) 2 (15.4) 5 (38.5) 10 (77) 
5. Grade II 18 4 (22.2) 2 (11.1) 6 (33.3) 6 (33.3) 14 (78) 
6. Grade III 9 2 (22.2) 2 (22.2) 3 (33.3) 2 (22.2) 7 (78) 

Table 4 Relationship between 
p53 expression and smoking Smoking pattern Expression of p53 protein 

(-) (+) -10% (++) -50% (+++) >75% 
n (%) n (%) n (%) n (%) 

Group A smokers 39 6 (15.4) 8 (20.5) 10 (25.6) 15 (38.5) 
Group B smokers 26 12 (46.1) 8 (30.8) 4 (15.4) 2 (7.7) 
Non-smokers 3 2 (66.7) 1 (33.3) 0 (0) 0 (0) 

Fig. 4 Amplification products of HPV 16 and 18 obtained by 
polymerase chain reaction. Polyacrylamide gel electrophoresis and 
ethidium bromide staining of products obtained with specific oli- 
gonucleotide primers. Lane 1 Positive control for HPV 16 (CaSki 
cells). Lane 2 Marker pUC 18 digested with HaeIII. Lane 3 Posi- 
tive control for HPV 18 (HeLa cells). Lanes 4-12  Specimens posi- 
tive for HPV I6 (120 bp). Lanes 13, 14 Specimens positive for 
HPV 18 (90 bp) 

100% / 

80% - 

60% 

40% 

20% ? 
F 

! 
0% ~ L 

HPV (-) HPV (+) 

p=O.O06 

: ~ p53 (+) 

m p53 (-) 

Fig. S Diagram showing the inverse relationship between p53 ex- 
pression and HPV infection in LSCC 

HPV 16-positive). Additionally, PCR analysis revealed 
four more HPV-positive lesions, two for HPV 16 and two 
for HPV 18 (Fig. 4). The HPV 16- and HPV 18-positive 
cases were grade I and grade II LSCCs respectively. No 
significant relationship between HPV detection and his- 
tological grade of carcinomas was observed. 

Statistical analysis revealed that absence of p53 stain- 
ing was significantly more frequent in HPV-positive than 
HPV-negative cases (Fig. 5), while p53 immunoexpres- 
sion was present in the majority of  HPV-negative speci- 
mens. 

Discussion 

This study is the largest reported to date assessing p53 
expression and HPV infection in laryngeal carcinomas. 
Our analysis revealed that p53 nuclear phosphoprotein is 
overexpressed in a large proportion of laryngeal dyspla- 
sias and SSCs. In fact, 61% of the dysplasias and 77.5% 
of the carcinomas displayed increased nuclear levels of 
the protein. These results are slightly higher than those 
found by Maestro et al. [42] and Anwar et al. [2], who 
observed p53 positivity in 60% and 65% of primary 
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LSCCs respectively. Although no significant difference 
was found in p53 overexpression between the different 
grades of dysplasias and carcinomas (P>0.1), moderate 
or intense p53 expression (>50% of the cells positive) 
was statistically more frequent in the latter (P<0.05). 
These findings suggest that p53 alterations probably re- 
present an early event in LSCC development, an obser- 
vation also made by Dolcetti et al. [19]. These alterations 
seems to increase with its progression. Assuming that the 
immunohistochemical demonstration of p53, particularly 
by PAb 240, indicates the mutant protein [23], p53 muta- 
tions in early lesions suggest that direct damage of DNA 
may be important in LSCC progression because of the 
role of wild-type p53 in inducing G1-S arrest following 
DNA damage [38]. It appears that continuous DNA dam- 
age exerts selective pressure on p53 to mutate early, al- 
lowing clonal outgrowth and progression. Moreover, it 
has been shown that certain mutated versions of p53 ac- 
quire novel tumorigenic properties [27]. However, there 
are several studies which show inconsistencies between 
immunodetectable p53 protein and direct sequencing of 
the gene [68]. These findings suggest that PAb 240 posi- 
tivity does not always equate with p53 mutation. In this 
case p53 would be represented by the wild-type p53 pro- 
tein. Previously it has been shown that in rapidly prolif- 
erating cells the wild-type protein can be expressed at 
levels that are immunohistochemically detectable [44]. 
In addition to this, according to Milner's conformational 
hypothesis, PAb 240 can recognize the promoter form of 
the wild-type p53 which shares the conformation of the 
mutated p53 protein [47]. 

In our study, p53 detection was carried out with the 
use of two monoclonal antibodies: PAb 240, which is 
generally assumed to recognize the mutant form of p53 
[23] and PAb 1801, which detects both wild and mutant 
p53 oncoprotein [3]. Wild-type p53 protein has a very 
short halfqife and is thus present in minute amounts in 
normal tissues. It cannot, therefore, be detected by im- 
munohistochemical methods. Mutations of the p53 tu- 
mour suppressor gene in the highly conserved domains 
and binding of p53 with certain cellular proteins extends 
the half-life of the protein from 6-20 rain to many hours, 
resulting in its accumulation to levels detectable by im- 
munohistochemistry [26, 28, 48]. 

We avoided a cell proliferation index study using anti- 
bodies directed against proliferating cell nuclear antigen 
(PCNA), since published data show that p53 protein has 
a regulatory effect on the PCNA gene [15, 45, 61]. 

In order to investigate the nature of immunohisto- 
chemically detected p53 protein, we proceeded in the 
p53 gene analysis of our specimens using the single 
strand conformation polymorphism technique. Prelimi- 
nary results showed p53 mutations in 75% of LSCCs and 
dysplasias. Exon 5 was the most frequently mutated (un- 
published data). The immunostaining pattern was identi- 
cal with both antibodies with the exception of three le- 
sions that were positive for PAb 240 and negative for 
PAb 1801. This discrepancy could be due either to over- 

expression of a truncated version of the protein [65], 
which would not be detected by PAb 1801, or to fixation 
procedures which would alter the configuration of the 
protein, masking the epitope recognized by PAb 1801. 

Our investigation presents additional evidence of cor- 
relation between p53 expression in premalignant and 
malignant squamous proliferations of the larynx and life- 
time cigarette consumption [21]. More specifically, p53 
expression was higher in group A smokers (84.6%) than 
group B smokers [54%], and moderate or intense p53 
staining (50% of the cells positive) was also significantly 
more frequent in group A (76%) than in group B (43%). 
It is well known that tobacco-associated mutagens form 
DNA adducts inducing G-~T transversions and G--~A 
transitions [29]. Such nucleotide substitutions have been 
found in the highly conserved region of the p53 gene in 
tobacco-associated tumours [29, 33]. Similarly, Maestro 
et al. [42] and Boyle et al. [7] showed that more than 
50% of p53 mutations in LSCCs concerned G-+T and 
G--+A substitutions. 

Next in this study, we examined possible HPV infec- 
tion in our specimens, using the NISH technique and 
PCR analysis. The reason for using these two methods 
was that NISH has the ability to detect the virus at the 
single cell level, revealing its physical state (episomal or 
integrated), while PCR, due to its high sensitivity, can 
theoretically detect a single HPV copy against a back- 
ground of 105 cells [69]. The NISH showed HPV 16 
positivity in 4 of 40 and 3 of 40 grade II and grade III 
LSCCs respectively (total 7/40 or 18%) and PCR analy- 
sis revealed four more HPV-positive lesions, two HPV 
16 and two HPV 18 (total HPV positivity 11/40 or 
28%). There was no correlation between histological 
grades of the carcinomas and virus infection and, nota- 
bly, no HPV DNA was detected in normal and dysplas- 
tic laryngeal specimens. NISH demonstrated a distinct 
punctate pattern, which is characteristic of viral DNA 
integration into host genome [12]. The HPV-specific 
mode of integration is important in permitting the per- 
sistent expression of specific viral genes [E6 and E7) 
which are necessary for the development of malignant 
growth [72]. 

To our knowledge, there are several reports which ad- 
dress the concept of HPV infection in laryngeal carcino- 
mas (Table 1), but none has expanded HPV investigation 
in dysplastic laryngeal lesions. The frequency of HPV 
infection in LSCCs (28%) compared with dysplasias 
(0%) suggests a possible late role of HPV in laryngeal 
oncogenesis. Unlike in cervical cancer, where HPV-16 
and HPV-18 have been preferentially associated with 
malignancy, our data and other findings so far reported 
do not reveal a specific HPV genotyping pattern in 
LSCCs [52]. Therefore, although the presence of HPV, 
especially the high risk-types 16 and 18, suggests a pos- 
sible role in this malignancy, it is clear from the inci- 
dence of the infection that HPV may represent a contrib- 
utory but not always necessary step in a multistep pro- 
gression to laryngeal neoplasia. 



The most important point to emerge from our investi- 
gation is the inverse relationship between HPV infection 
and p53 expression. Particularly, 55% of the HPV-posi- 
tive carcinomas were p53-negative while 90% of the 
HPV-negative carcinomas gave a positive signal for p53 
protein (Fig. 5). 

It is possible that in a subset of  LSCCs [HPV(+), 
p53(-)] ,  HPV E6 oncoprotein complexes selectively with 
wild-type p53, stimulating its degradation via the ubiqui- 
tin-dependent protease system [54]. The degree to which 
normal p53 function is inhibited may depend in part up- 
on the relative amounts of normal p53 and E6. Thus, it 
seems that in certain LSCCs, HPV infection produces an 
alternative, p53-altered "pathway" which contributes to 
malignant progression. A parallel situation exists, in cer- 
tain HPV-positive cervical carcinoma cell lines and tu- 
mours, which had no mutations in the conserved do- 
mains of  p53 gene [13], while p53 mutations were found 
where tumours were HPV-negative [54]. However, this 
kind of HPV/p53 relationship is not the rule, since other 
investigations have generally shown the presence of p53 
gene alterations in HPV-positive tumours [2, 5, 22]. 

We also observed the simultaneous presence of p53 
and HPV in 45% of the carcinomas. In this group, p53 
probably represents the altered product of  one allele 
which has lost the capacity to bind viral oncoproteins, 
while the remaining allele product would be degraded 
via the E6-ubiquitin pathway [54]. Additional possible 
explanations have been given by Anwar et al. [2]. More- 
over Demers et al. [17] have shown increased p53 pro- 
tein levels in HPV E7-immortalized epithelial cell lines. 
The suppressive effect of  certain cellular interfering fac- 
tors, such as transforming growth factor beta, on the vi- 
ral long regulatory region which governs E6-E7 gene ex- 
pression cannot be excluded [9, 72]. Such an effect, ac- 
cording to the Zur Hausen theory, would activate the in- 
tercellular surveillance system, preventing specific E6 
and E7 viral transcription [71]. Finally, since laryngeal 
epithelium is hormone-dependent [58], hormonal factors 
may contribute to increased HPV production and en- 
hanced genetic activity of  the persisting viral DNA [24, 
57]. The final result would depend on the shift of  the 
equilibrium between the inhibitory and stimulatory fac- 
tors. 

In conclusion, our study provides evidence that p53 
overexpression is an early and critical event in laryngeal 
oncogene~is and its altered expression is influenced by 
tobacco chemicals and HPV. Further investigation is un- 
derway to cast light on the molecular nature of p53 over- 
expression in LSCCs and the role of  certain regulatory 
factors in its development. 
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