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Summary. Fifty-one salivary gland tumours (23 pleo- 
morphic adenomas, 5 Warthin's tumours, 12 mucoepi- 
dermoid carcinomas, 7 adenoid cystic carcinomas, 3 un- 
differentiated carcinomas and 1 acinic cell tumour) and 
27 lung carcinomas (18 squamous cell carcinomas, 6 ade- 
nocarcinomas and 3 small cell carcinomas) were ana- 
lysed immunohistochemically for the expression of p53 
nuclear phosphoprotein. Eight out of 51 (16%) salivary 
gland turnouts were p53 positive. Three of  these were 
benign and 5 malignant. All 3 benign salivary gland tu- 
mours were pleomorphic adenomas and expressed only 
occasional nuclear positivity with less than 1% of tu- 
rnout cells positive. Of the 5 p53-positive malignant tu- 
mours, 3 were mucoepidermoid carcinomas and 2 undif- 
ferentiated carcinomas. The malignant salivary gland tu- 
mours expressed more than 1% of positive nuclei in 
every case. Seventeen lung carcinomas were p53 positive 
(63 %). Thirteen of these were squamous cell carcinomas, 
3 were adenocarcinomas and 1 small cell lung carcino- 
ma. The results show that mutations of the p53 gene 
may be infrequent in salivary gland tumours when com- 
pared with lung carcinomas. The relatively indolent 
course of some histological types of malignant salivary 
gland turnouts could be associated with the preservation 
of  the non-mutated p53 gene in most of these turnouts. 
The presence of p53 positivity in some pleomorphic ad- 
enomas might, on one hand, suggest that p53 gene alter- 
ations are also present in these tumours;  on the other 
hand, the accumulation of  the p53 protein in these tu- 
mours might also be due to some unknown mechanism, 
not necessarily related to p53 gene mutation. 
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Introduction 

Mutations of  the tumour suppressor gene p53 lead to 
neoplastic transformation of cells (Lavigueur et al. 1989; 
Nigro et al. 1989; Lane and Benchimol 1990). Changes 
of p53 have been described in a wide variety of  different 
tumours (Nigro et al. 1989; Hollstein et al. 1991) includ- 
ing different types of carcinomas (Cattoretti et al. 1988; 
Baker et al. 1989; Vogelstein 1989; Chiba et al. 1990; 
Iggo et al. 1990; Prosser et al. 1990; Thompson et al. 
1990; Campo et al. 1991; Purdie et al. 1991), sarcomas 
(Masuda et al. 1987; Mulligan et al. 1990; Stratton et al. 
1990) and lymphomas (Farrell et al. 1991 ; Gaidano et al. 
1991 ; Hollstein et al. 1991 ; Winman et al. 1991 ; Soini 
et al. 1992a). The incidence of p53 alterations varies in 
different types of tumours (Hollstein et al. 1991). In car- 
cinomas, high incidences are found, for example in lung 
(Chiba et al. 1990; Iggo et al. 1990) and colon carcino- 
mas (Baker et al. 1989; Campo et al. 1991 ; Purdie et al. 
1991), while lower incidences are present in prostate, 
breast and thyroid carcinomas (Cattoretti et al. 1988; 
Wright et al. 1991 ; Soini et al. 1992b). 

The p53 gene is located in the short arm of chromo- 
some 17 (Miller et al. 1986). The gene encodes a nuclear 
phosphoprotein which takes part  in the control of cell 
proliferation (Mercer et al. 1984; Deppert  et al. 1990; 
Steinmeyer et al. 1990; Milner 1991). The p53 protein 
is associated with the cell cycle kinase p34 cat2 (Bischoff 
et al. 1990) and may play a role in regulating the onset 
of D N A  replication at the G I - S  boundary (Wagner et al. 
1991). 

Mutations of  the p53 gene occur mainly in exons 5-8 
(Hollstein et al. 1991). The mutated p53 protein may 
form complexes with the wild-type p53 protein and inac- 
tivate it (Iggo et al. 1990). The half-life of  the mutated 
p53 protein is longer than that of  the wild-type protein 
(Finlay et al. 1988) and mutations of  the p53 gene often 
lead to an accumulation of  mutated protein in the cells. 
This can be identified immunohistochemically by dem- 
onstrating reactivity for the protein in the nuclei of the 
neoplastic cells (Iggo et al. 1990; Bartkova et al. 1991). 
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Table 1. Clinical data of the cases and results of p53 staining 

Case Sex Age Location p53 

Table 2. Clinical data of the cases and results of the p53 staining 

Case Sex Age Location p53 

Benign tumours Malignant turnouts 

Pleomorphic adenomas Adenoid cystic carcinomas 

1. F 35 Parotid gland - 1. M 47 
2. M 43 Parotid gland - 2. M 55 
3. F 35 Submandibular gland - 3. M 47 
4. M 29 Parotid gland - 4. F 39 
5. F 45 Parotid gland - 5. M 31 
6. F 21 Parotid gland - 6. M 55 
7. F 73 Parotid gland - 7. M 55 
8. F 33 Parotid gland - 
9. F 13 Parotid gland - 

Acinic cell tumours 10. F 63 Parotid gland - 
11. M 70 Parotid gland - 8. F 70 
12. F 55 Parotid gland - 
13. F 18 Parotid gland ( + )  Mucoepidermoid carcinomas 
14. F 20 Submandibular gland ( + )  9. F 45 
15. F 35 Parotid gland - 10. F 40 
16. F 44 Submandibular gland - 11. M 69 
17. M 48 Parotid gland - 12. M 85 
18. F 79 Parotid gland - 13. F 71 
19. F 25 Parotid gland - 14. M 32 
20. F 61 Parotid gland - 15. M 80 
21. F 39 Parotid gland ( + )  16. M 71 
22. F 32 Parotid gland - 17. F 28 
23. M 32 Parotid gland - 18. F 40 

19. F 69 
Warthin's tumours 20. M 67 

24. M 54 Parotid gland - 
Undifferentiated carcinomas 25. M 66 Parotid gland - 

26. M 69 Parotid gland - 21. M 75 
27. M 50 Parotid gland -- 22. M 71 
28. M 55 Parotid gland - 23. M 74 

F, Female; M, male 

Quantification of the p53 immunostaining: - ,  negative; (+) ,  < 1 
of cells positive; + ,  1-5% of cells positive; + + ,  6-10% of cells 
positive; + + + ,  11M0% of cells positive; + + + + ,  >40% of 
cells positive 

I m m u n o r e a c t i v i t y  fo r  the  p53 p r o t e i n  has  b e e n  s h o w n  
in a w i d e  va r i e t y  o f  h u m a n  n e o p l a s m s  ( C a t t o r e t t i  et  al. 
1988;  I g g o  et al. 1990;  B a r t e k  et  al. 1991 ; So in i  et al. 
1992b) .  

In  this  s t udy  we  a n a l y s e d  the  p r e s e n c e  o f  a c c u m u l a t e d  
p53 p r o t e i n  in v a r i o u s  b e n i g n  a n d  m a l i g n a n t  s a l iva ry  
g l a n d  t u m o u r s  i m m u n o h i s t o c h e m i c a l l y  w i t h  a p o l y c l o n -  
al a n t i b o d y  C M - 1  ra i sed  aga in s t  the  w i l d - t y p e  p53 p r o -  
tein.  I t  a lso  de tec ts  the  m u t a t e d  p r o t e i n  ( B a r t k o v a  et  al. 
1991;  M i d g l e y  et  al. 1992). F o r  c o m p a r i s o n ,  we a lso  
s t ud i ed  the  e x p r e s s i o n  o f  p53 in 27 l u n g  c a r c i n o m a s .  
In  o r d e r  to e x p l o r e  the  e f fec t  o f  the  f i x a t i o n  t i m e  o n  
the  i m m u n o h i s t o c h e m i c a l  resu l t s  we  e x a m i n e d  th ree  
l u n g  c a r c i n o m a  cell  l ines (A-427,  A-549 ,  S K - M E S - 1 )  
w i t h  1, 2, 4 a n d  8 days '  f o r m a l i n  f ixa t ion .  

M a t e r i a l s  and  m e t h o d s  

Fifty-one benign and malignant salivary gland tumours and 27 
malignant lung tumours were selected from the files of the Depart- 
ment of Pathology, Oulu University Central Hospital. The salivary 

Parotid gland 
Submandibular gland 
Parotid gland 
Submandibular gland 
Parotid gland 
Parotid gland 
Submandibular gland 

Parotid gland 

Parotid gland 
Parotid gland 
Submandibular gland 
Parotid gland 
Parotid gland 
Parotid gland 
Parotid gland + 
Parotid gland + 
Submandibular gland 
Parotid gland 
Submandibular gland 
Parotid gland + + + + 

Submandibular gland 
Parotid gland + + 
Parotid gland + + 

F, Female; M, male 

Quantification of the p53 immunostaining as in Table J 

gland tumours originated from years 1985-1991 and the lung tu- 
mours were from 1986. All the material had been fixed in 10% 
buffered formalin and embedded in paraffin. The salivary gland 
tumours were classified according to the World Health Organiza- 
tion's international classification of salivary gland turnouts (WHO 
1991) and the lung tumours according to the World Health Organi- 
zation's international classification of lung turnouts (WHO 1981). 
The diagnosis of all the cases was based on a light microscopic 
examination using the haematoxylin-eosin and alcian blue/periodic 
acid-Schiff stain. In some lung tumours, Grimelius stain was also 
used. 

The salivary gland tumour material consisted of 23 pleomorphic 
adenomas, 5 Warthin's tumours, 12 mucoepidermoid carcinomas 
(6 well, 2 moderately and 4 poorly differentiated), 3 undifferentiat- 
ed carcinomas, i acinic cell tumour (well differentiated) and 7 ade- 
noid cystic carcinomas (5 cribriform, 1 tubular, I solid). The clini- 
cal data of  the cases is shown in Tables 1 and 2. 

The lung tumour material consisted of 18 squamous cell carci- 
nomas, 6 adenocarcinomas (2 solid-type adenocarcinomas, 2 papil- 
lary adenocarcinomas and 2 bronchiolo-alveolar carcinomas) and 
3 small cell carcinomas. 

The immunostaining procedure using the antibody to p53 pro- 
tein was done according to Midgley et al. (1992). Briefly, 5-p.m- 
thick sections were cut from the specimens and placed on slides 
coated with poly-L-lysine solution (Sigma, St. Louis, Mo., USA). 
The specimens were then dewaxed in xylene and rehydrated in 
graded alcohol. The endogenous peroxidase was blocked by im- 
mersing the sections for 20 rain in 0.1% hydrogen peroxide in abso- 



Fig. 1. A In a poorly differentiated mucoepidermoid carcinoma, 
tumour cell nuclei stain strongly for the antibody to the p53 pro- 
tein; immunoperoxidase stain, x 200. B In an alcian-blue stain 
mucus differentiation can be observed in this area. Alcian-blue 
stain, x 200 

Fig. 2. A In an undifferentiated carcinoma of the salivary gland 
p53 positivity can be observed in the nuclei of the neoplastic cells; 

immunoperoxidase stain, x 400. B A section of the tumour stained 
with haematoxylin-eosin, x 100 

Fig. 3. Areas of lung squamous cell carcinomas showing weak + 
(A), moderate + + (B), strong + + + (C) or very strong + + + + 
(D) p53 immunoreactivity. Immunoperoxidase stain, x 200 
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lute methanol. The non-specific binding was blocked by incubating 
the slides in 20% fetal calf serum in phosphate buffered saline 
(PBS) for 20 min. 

In the immunostaining the avidin-biotin complex method was 
used (Hsu et al. 1981). The sections were first incubated overnight 
at 4 ~ C with a primary polyclonal rabbit p53 antibody CM-1 with 
a dilution of 1:1000 (Midgley et al. 1992) followed by a secondary 
biotinylated anti-rabbit antibody (dilution 1:100) (Dakopatts, Co- 
penhagen, Denmark) and the avidin-biotin complex (Dakopatts). 
Careful rinses were done with several changes of PBS between 
each stage of the procedure. The colour was developed with dia- 
minobenzidine, whereafter the sections were lightly counterstained 
with haematoxylin and mounted with Eukitt (Kindler, Freiburg, 
FRO). 

Negative controls for the immunostaining were carried out by 
substituting the primary antibody with PBS or with non-immune 
rabbit serum. 

The results of p53 reactivity were evaluated quantitatively and 
divided into six groups [ - ,  negative; (+), < 1% of cell positive; 
§ 1-5% of cells positive; + +,  6-10% of cells positive; § + +, 
11-40% of cells positive; + + + +, >40% of cells positive] ac- 
cording to the estimated number of positive cells (see Fig. 3). Only 
nuclear staining was interpreted as positive. 

Three undifferentiated human lung carcinoma cell lines (A-427, 
A-549, SK-MES-I), previously known to express p53 positivity 
(Caamano et al. 1991), were obtained from the American Type 
Culture Collection (ATCC, Rockville, Md., USA) and grown as 
recommended. The cultured cells were fixed in 10% buffered for- 
malin for 1, 2, 4 and 8 days after which the samples were cytocentri- 
fuged and placed into melted agar which was then allowed to solidi- 
fy. The samples were then embedded in paraffin, sectioned and 
immunostained as described above. The results were evaluated by 
counting the proportion of positive nuclei from 500 cells of each 
sample. 

R e s u l t s  

The results of  the p53 i m m u n o s t a i n i n g  in salivary g land 
tumours  are shown in Tables 1 and  2. Eight o f  51 (16%) 
salivary g land t umour s  showed p53 prote in  expression. 
Three of  28 (11%) benign  salivary g land tumours  were 
p53 positive. All 3 cases were p leomorphic  adenomas .  
They con ta ined  less than  1% of  positively s tained cells 
in each case. Five of  23 (22%) m a l i g n a n t  salivary gland 
tumours  were p53 positive. Three of  14 mucoep ide rmoid  
carc inomas  (21%) con ta ined  t u m o u r  cell nuclei  which 
stained posit ive for p53 (Fig. 1). All 3 cases were poor ly  
differentiated. In  2 tumours  the p ropo r t i on  of p53 posi- 
tive cells was approximate ly  10%, while in the third tu- 
mour ,  abou t  60% of  the t u m o u r  cells were p53 positive. 
The posit ivi ty was main ly  located in poor ly  differentiat-  
ed cells. However,  in  the mucoep ide rmoid  ca rc inoma 
with 60% of  cells posit ive the squamous  cell c o m p o n e n t  
also showed p53 positivity. Addi t ional ly ,  2 undifferen-  
t iated salivary g land tumours  were p53 positive (Fig. 2). 
The p ropo r t i on  of  positive cells was approximate ly  30-  
40% in bo th  cases. 

The results of  the p53 i m m u n o s t a i n i n g  in lung carci- 
nomas  are shown in Table 3. Seventeen lung carc inomas  
were p53 positive (63%). The posit ive cases consisted 
of  13 squamous  cell ca rc inomas  (72% of  all squamous  
cell carc inomas)  (Fig. 3), 3 adenocarc inomas  (50% of  
all adenocarc inomas)  and  1 small  cell ca rc inoma (33% 
of  all small cell carcinomas) .  Seven of  8 poor ly  differen- 
t iated (grade III)  carc inomas  (88%), 5 of  8 modera te ly  

Table 3. Clinical data and results of the p53 staining in lung tu- 
mours 

Case Age" Grade p53 

Squamous cell carcinomas : 

1. 59 III + + 
2. 65 III + + 
3. 45 III + + 
4. 68 III + + + 
5. 57 III + + 
6. 33 III + + + 
7. 69 II + + + + 
8. 66 II + + 
9. 74 II - 

10. 73 II + + 
11. 67 II + + 
12. 46 iI -- 
13. 61 I -- 
14. 68 I + + 
15. 64 I + + + 
16. 73 I -- 
17. 79 I - 
18. 63 I + + 

Adenocarcinomas : 

19. 55 III + 
20. 62 III - 
21. 73 II - 
22. 68 II + + 
23. 36 I + + 
24. 74 I - 

Small cell carcinomas: 

25. 61 - + + + + 
26. 68 - - 
27. 65 -- -- 

All patients were maie 

Quantification of the p53 immunostaining as in Table 1 

Table 4. p53 staining in cell lines 

Percentage of positive cells" 

A-427 A-549 SK-MES-1 

Fixation time 

1 day 1% 9.8% 0% 
2 days 11.2% 17.6% 0% 
4 days 22% 7.3% 0% 
8 days 13.5% 3% 0% 

a Five hundred cells of each sample were analysed for the propor- 
tion of p53 nuclear positivity 

differentiated (grade II) (63%) and  4 of  8 well-differen- 
t iated (grade I) t umours  (50%) were p53 positive. No 
significant  associat ion was found  between t u m o u r  size, 
lymph node  metastases,  the age of the pat ients  and  p53 
positivity. There were slightly more  p53-positive cases 
in grade III  than  in grade I - I I  carcinomas.  On average, 
p53-positive squamous  cell carc inomas  con ta ined  more  
p53-positive cells t han  adenocarc inomas .  

The results of  the p53 prote in  i m m u n o s t a i n i n g  of  the 
three lung ca rc inoma cell lines are presented in Table 4. 
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Two cell lines (A-427 and A-549) expressed p53-positive 
cells while one (SK-MES-1) was negative. Quantitatively 
and qualitatively the staining was strongest after 4 days' 
fixation for A-427 and after 2 days' fixation for A-549 
with 22% and 17.6% ofp53-positive cells, respectively. 

Discussion 

Our results show that the incidence of p53 positivity 
in salivary gland tumours is low when compared with 
lung tumours. Only 8 salivary gland tumours were p53 
positive while 17 lung carcinomas expressed the p53 pro- 
tein. If only malignant salivary gland tumours are con- 
sidered, the incidence is still lower (22%) than in lung 
carcinomas (63%). 

The results add further evidence to previous observa- 
tions that there are differences in the expression of p53 
in tumours of different location and type (Cattoretti 
et al. 1988; Iggo etal. 1990; Purdie et al. 1991; Wright 
et al. 1991 ; Soini et al. 1992b). The reason for the vari- 
ability between different types of tumours is obscure. 
However, it seems that hormone-sensitive tumours are 
less p53 positive (Cattoretti et al. 1988; Wright et al. 
1991; Soini et al. 1992b). In fact, it has been shown 
that there is an inverse relationship between the oestro- 
gen receptor status and p53 positivity in breast carcino- 
mas (Cattoretti et al. 1988). However, a high percentage 
of p53 positivity is found in tumours apparently related 
to chemical carcinogens (such as lung carcinomas). 

In our previous investigations we found that p53 
positivity is more frequently present in carcinomas with 
a low degree of differentiation (Soini et al. 1992b). Since 
2 out of 3 undifferentiated salivary gland carcinomas 
were p53 positive and all three p53-positive mucoepider- 
moid carcinomas represented poorly differentiated tu- 
mours, the p53 positivity in malignant salivary gland 
tumours also tends to concentrate in neoplasms which 
are less differentiated and biologically more aggressive. 
Furthermore, the low incidence of p53 positivity could 
be reflected in the biological behaviour of malignant sali- 
vary gland tumours. Acinic cell tumours, adenoid cystic 
carcinomas and mucoepidermoid carcinomas all are rel- 
atively slowly growing tumours with a relatively good 
prognosis (Thackray and Lucas 1974). It may be that 
the preservation of a non-mutated p53 gene hinders the 
proliferation of the neoplastic cells in these neoplasms, 
leading to a less aggressive behaviour. 

Of the 28 benign salivary gland tumours 3 pleo- 
morphic adenomas expressed occasional p53 positivity 
with a frequency of less than 1% of cell nuclei positive. 
Similar reactivity has been observed in benign tumours 
of the soft tissues (Soini et al. 1992c). The presence of 
p53 positivity in benign tumors may suggest that accu- 
mulation of the p53 protein is not necessarily associated 
with p53 gene alterations. In fact, it has been shown 
that phytohaemagglutinin-stimulated rapidly proliferat- 
ing lymphocytes may express detectable levels of p53 
protein (Mercer and Baserga 1985). It may also be possi- 
ble that benign tumours contain p53 mutations and there 

is a previous report of a benign meningioma with a p53 
mutation (Mashiyama et al. 1991). 

Even though pleomorphic adenomas contain p53- 
positive cells, the results show that there is a quantitative 
difference in p53 positivity between benign and malig- 
nant p53-positive salivary gland tumours. Though this 
might be used as an adjunct in the assessment of the 
biological behaviour of salivary gland tumours, certain 
caution is needed. Strong p53 immunoreactivity in tu- 
mours most certainly speaks in favour of malignancy. 

From previous investigations, the incidence of p53 
positivity in lung carcinomas is about 40-60% (Iggo 
et al. 1990; Soini et al. 1992b). This is in accordance 
with our results. The incidence is higher in squamous 
cell carcinomas than in other histological types (Iggo 
et al. 1990; Soini et al. 1992b), a finding also observed 
in our material. In previous reports, an association be- 
tween the grade of the tumour and p53 positivity has 
been found (Soini et al. 1992b) and the incidence of p53 
positivity was higher in grade III tumours than in grade 
I-II tumours in our material. 

In order to assess the effect of the time of formalin 
fixation on the immunohistochemical staining results we 
tested p53 immunoreactivity in three lung carcinoma cell 
lines (A-427, A-549, SK-MES-1) which have previously 
been shown to be p53 positive (Caamano et al. 1991). 
Two (A-427, A-549) of these cell lines showed p53 immu- 
noreactivity with the CM-I antibody. Assessed by the 
proportion of positive cells, the most intense reaction 
was found after 2-4 days' fixation (see Table 4), the fixa- 
tion time which is used in our laboratory for surgical 
pathology samples. The fixation time is thus optimal 
for the material used in this study. The fact that one 
lung carcinoma cell line (SK-MES-1) was negative is 
probably due to the fact that these authors used different 
p53 antibodies (Caamano et al. 1991). 

In conclusion, our results show that p53 mutations, 
which are reflected by p53 immunoreactivity in the nuclei 
of neoplastic cells, are relatively infrequent in salivary 
gland tumours. In malignant salivary gland tumours the 
p53 positivity tends to be more evident in less differen- 
tiated tumours. The relatively benign behaviour of acinic 
cell, adenoid cystic and mucoepidermoid tumours could 
be due to the fact that most of these tumours still contain 
a non-mutated p53 gene. Since pleomorphic adenomas 
may occasionally contain p53-positive cells, p53 immu- 
noreactivity in salivary gland tumours cannot be used 
as a direct marker of malignancy. Strong p53 positivity 
in salivary gland tumours favours a malignant diagnosis, 
however. 
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