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Summary. Alterations of tumour suppressor genes are con- 
sidered crucial steps in the development of human cancers. 
Expressions of p53 protein, a product of the tumour suppres- 
sor gene altered most commonly in human cancers examined 
so far, were investigated immunohistochemically in 18 os- 
teosarcomas and 40 other malignant and benign lesions of 
bone. A monoclonal antibody clone PAb240, which recog- 
nizes a common conformational epitope of mutant p53 pro- 
teins, stained nuclei of tumour cells in 12 of 18 osteosarco- 
mas (67%). Six tumours (33%) particularly showed positive 
immunoreactions in more than half of the tumour cells. 
PAb240 also stained tumour cells in a small number of other 
malignant bone tumours, such as malignant fibrous histiocy- 
toma, chondrosarcoma, and Ewing's sarcomas. Furthermore, 
a small number of cells of giant-cell tumours were positively 
stained. In contrast, PAb240 was completely negative in 21 
benign bone tumours and reactive lesions examined. Anoth- 
er monoclonal antibody clone PAb1801, which reacts with 
both wild- and mutant-type p53 protein, reacted in nuclei of 
tumour cells of 7 osteosarcomas (39%). Most of those also 
reacted with PAb240. PAb1801 was expressed much more 
frequently in other malignant bone tumours and giant-cell tu- 
mours. In addition, PAb1801 showed intranuclear positive 
reactions in tumour cells of a benign chondroblastoma, and 
reactive cells such as actively proliferating preosteoblasts in 
a myositis ossificans and osteoclast-like giant cells in a giant- 
cell turnout. The immunoelectron-microscopic observation 
that p53 protein was localized in euchromatic areas of nuclei 
of osteosarcoma cells supported the specificity of immuno- 
reaction for p53 protein, indicating an active role of p53 pro- 
tein in the regulation of DNA synthesis and transcription. 
These findings suggest that point mutation of the p53 gene is 
frequently involved in the development of osteosarcomas. 
PAb240 may be a useful tool not only in screening point mu- 
tations of the p53 gene in osteosarcomas but also in the dif- 
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ferential diagnosis between osteosarcomas and reactive 
bone-forming lesions. Expressions of mutant p53 protein 
were not correlated with any clinical or pathological factors 
examined, although the results should be confirmed in stu- 
dies of a large number of osteosarcomas. 
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Introduction 

The etiology of human osteosarcoma remains unknown. Re- 
cent studies, however, have elucidated several genetic alter- 
ations that occur during the development of osteosarcoma 
(Friend et al. 1986; Masuda et al. 1987; Toguchida et al. 
1988; Toguchida et al. 1989; Miller et al. 1990; Araki et al. 
1991). Of these, loss of alleles on chromosome 17, particu- 
larly in the defined region 17p13, is seen in more than 75% of 
osteosarcomas, suggesting that the alteration of a tumour 
suppressor gene located in this region may contribute to the 
development of osteosarcomas (Toguchida et al. 1989; Ya- 
maguchi et al. 1992). p53 is a nuclear phosphoprotein that 
was discovered because it bound to the major transforming 
protein, the large T antigen of simian virus 40 (Lane and 
Crawford 1979; Linzer and Levine 1979). The p53 gene had 
been originally considered an oncogene. Recent studies, 
however, have clarified that the normal p53 gene actually 
possesses tumour suppressor activity, and that a mutant form 
exerts a dominant oncogenic function during in vitro trans- 
formation (Eliyasu et al. 1989; Finlay et al. 1989). The human 
p53 gene is located on the short arm of chromosome 17, a 
frequent site of allele loss in osteosarcomas (McBride et al. 
1986). Since Baker et al. (1989) demonstrated a loss of both 
alleles, one through deletion and the other through a point 
mutation, in 75%-80% of colorectal cancers, point muta- 
tions of the p53 gene have been demonstrated in a number of 
common human cancers (Nigro et al. 1989; Takahashi et al. 
1989; Chiba et al. 1990; Hollstein et al. 1991; Felix et al. 



1992; Frankel  et al. 1992; Kohler  et al. 1992). In the field of 
bone  tumours,  major  structural alterations of  the p53 gene 
have been  shown in about  20% of  osteosarcomas by  Masuda  
et al. (1987) and Mil ler  et al. (1990). Little is known,  howev-  
er, concern ing  point  muta t ions  of  the p53 gene in osteosarco- 
mas. 

p53 protein levels are normal ly  so low in non- t rans-  
formed cells, because  of  the short half-l ife of  the wi ld- type 
protein,  that it cannot  be detected by  immunohis tochemis t ry .  
In contrast,  higher levels of  the protein occur in a large num-  
ber  of tumours  and tumour  cell lines. It has been  suggested 
that the increase in the concent ra t ion  of  the protein  results 
f rom post- translat ional  s tabil izat ion by  complex ing  with 
other proteins,  such as viral  proteins or heat-shock proteins 
( G annon  et al. 1990; Rodrigues  et al. 1990). Immunoh i s -  
tochemical  techniques in studies of  oncogenes  and tumour  
suppressor genes are hampered  by  the problems that most  an- 
t ibodies cannot  dis t inguish an overexpress ion of  mutan t  
forms from that of  a normal  form. However,  a recent ly estab- 
l ished monoc lona l  an t ibody PAb240, which  recognizes a 
c o m m o n  conformat ional  change  of  mutan t  forms, enables  
the selective detect ion of  mutan t  p53 protein immunoh i s -  
tochemical ly  (Ganno n  et al. 1990; Iggo et al. 1990). 

In the present  study, we immunoh i s tochemica l ly  examine  
the expressions of  p53 protein in 18 osteosarcomas us ing two 
different monoc lona l  antibodies,  and compare  the results 
with those in  various ma l ignan t  and ben ign  lesions of  bone.  
The ultrastructural  dis t r ibut ion of  p53 protein is invest igated 
by cryo-ul t ramicroscopy in some osteosarcomas.  The contri-  
bu t ion  of  p53 gene muta t ion  to the deve lopment  of  osteosar- 
comas,  and the impact  of  immunohi s tochemis t ry  for p53 pro- 
tein on the pathological  diagnosis  of  bone  tumours  are 
evaluated.  

Materials and methods 

Tumours. Eighteen osteosarcomas of bone were studied. 17 primary and 
i metastatic lesions. Most of the samples were taken by biopsy. Some 
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samples were obtained from viable areas of the resected tumours after 
preoperative chemotherapy. Clinical and pathological information is 
briefly summarized in Table 1. Histological subtypes are defined ac- 
cording to Dahlin and Unni (1986), and the evaluation of response to 
preoperative chemotherapy recorded according to Salzer-Kuntschik et 
al. (1983). In addition, various benign and malignant tumours and reac- 
tive lesions of bone were examined. Malignant bone tumour comprised 
7 Ewing's sarcomas, 3 chondrosarcomas, 3 malignant fibrous histiocy- 
tomas, one non-Hodgkin lymphoma, and one chordoma. Four cases of 
giant-cell tumours were also studied. Benign tumours and reactive le- 
sions, a total of 21 samples, included chondroblastoma, enchondromas, 
osteochondromas, non-ossifying fibromas, fibrous dysplasias, eosino- 
philic granulomas, aneurysmal bone cysts, osteomyelitis, myositis ossi- 
ficans, and callus. All of these cases had been treated from 1988 to 1991 
in the Department of Orthopaedics, MOnster University, and registered 
in the Bone Tumour Registry of Westfalia. The specimens were frozen 
in liquid nitrogen immediately after surgical removal, and stored at 
-80 C until use. For immunoelectron-microscopic examination, tumour 
tissues were fixed in periodate/lysine/paraformaldehyde for 2 h at 4 ~ C. 
After washing in phosphate-buffered saline (PBS), tissue cubes of 
0.5x0.5 mm were transformed to a solution of 1.15 M sucrose in PBS at 
4 C, followed by 2.3 M sucrose in PBS. After saturation, the specimens 
were mounted on aluminium carriers, and rapidly frozen in liquid nitro- 
gen. Tissue immediately adjacent to that stored was fixed in 4% buffered 
formalin for histopathological diagnosis. DNA analysis of osteosarco- 
mas was based on microspectrometry. Sections (10 gm) from paraffin- 
embedded specimens were deparaffinized, and staining of cell nuclei 
was performed by a Feulgen procedure. The DNA measurements were 
carried out in a static image analysis system (Aurens ACAS cytometry 
analysis system). Twenty normal lymphocytes and 200 tumour cells 
were analysed for each tumour specimen. The median DNA value of 
each control cell population was given the arbitrary- DNA index value of 
1.0, denoting the diploid DNA content, and values of discrete peaks in 
each tumour specimen were measured. 

Immunohistochemistry. Two monoclonal antibodies to p53 protein were 
applied: clone PAb240 (Oncogene Science Inc., Manhasset, N.Y.), a 
mouse monoclonal antibody that does not react to wild-type p53 protein 
but recognizes a common conformational epitope of the mutant type 
(Gannon et al. 1990); clone PAbl801 (Novocastra Laboratories, Eng- 
land), a mouse monoclonal antibody specific to human p53, either 
wild-or mutant-type (Banks et al. 1986). All tumours were also stained 
with Ki-67 (Dakopatts, Glostrup, Denmark), a mouse monoclonal anti- 
body against a cell proliferation antigen, to evaluate the viability of tu- 
mour cells. All antibodies were detected by the alkaline phosphatase/an- 
ti-(alkaline phosphatase) (APAAP) method (Cordell et al. 1984). 

Table 1. Osteosarcomas examined" 

Case Age (years)/sex Location of Histological Response to DNA 
primary tumour subtype preop, chem. index 

1 17 / M Dist. femur Anaplastic V NE 
2 24 / M Dist. femur Fibroblastic II NE 
3 21 / F Prox. humerus Telangiectatic V 1.0; 2.2 
4 20 / M Prox. tibia Fibroblastic IV NE 
5 15 / M Prox. femur Fibroblastic ! 1.3 
6 28 / M Prox. tibia Osteoblastic II 1.0; 1.5 
7 20 / M Pelvis Chondroblastic IV 1.5 
8 Telangiectatic NE 
9 11 / M Dist. femur Osteoblastic II NE 

10 19 / M Dist. femur Osteoblastic III 1.8 
11 59 / F Prox. humerus Anaplastic V NE 
12 17 / M Dist. femur Osteoblastic II 1.8 
13 11 / F Prox. femur Chondroblastic V NE 
14 14 / F Dist. femur Chondroblastic III NE 
15 12 / M Dist. femur Osteoblastic IV 1.5 
I6 27 / M Pelvis Chondroblastic IV 1.4; 2.0 
17 23 / F Prox. humerus Osteoblastic IV NE 
18 48 / M Pelvis Osteoblastic V 1.0 

a Preop. chem., preoperative chemotherapy; Prox., proximal; Dist., distal; NE, not examined; I, II, III, IV, V, VI, Salzer-Kuntschik's classification 
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Briefly, 6-Nn cryostat sections, air-dried for 1 h, were fixed in acetone at 
-20 C for 10 rain for PAbl801, and for 30 s for Ki-67. Sections for 
PAb240 were not fixed. After being rinsed in TRIS-buffered saline 
(145 mM NaC1, 20 mM TRIS, pH 7.6), the sections were exposed to pri- 
mary antibodies for 1 h at room temperature. The working dilutions of 
PAb240, PAb 1801 and Ki-67, which were decided after careful titration 
on appropriate targets, were t :400, 1:400, 1:80 respectively. After wash- 
ing with TRIS-buffered saline, rabbit antibody against mouse immuno- 
globulins (Dekopatts) was applied for 30 min, and APAAP complex 
(Dakopatts) for 45 rain. Colour development was performed with naph- 
thol AS-BI phosphate and new fuchsin for 25 rain. For positive control, 
staining on a cryostat section of breast cancer that showed a positive re- 
action both with PAb240 and PAblS01 was used on every run. For neg- 
ative control, a monoclonal antibody to cytokeratin, clone KI-1 (Diano- 
va, Hamburg, FRG), was applied as the primary antibody, or the primary 
antibody was omitted. Immunoreactions were scored as follows: +++, 
more than 50% of tumour cells are positive; ++, 10%-50% of tumour 
cells are positive; +, less than 10% of tumour cells are positive; +, posi- 
tive only in a few tumour cells; -, tumour cells are negative. 

Immunoelectron microscopy. Ultra-thin sections were preincubated 
with 0.1 M phosphate buffer including 0.2 M NaC1, 1% bovine serum al- 
bumin, and 5% normal goat serum. The sections were then incubated 
with the monoclonal antibody clone PAb 1801 at a concentration of 1000 
ng/ml for 1 h, and by goat anti-(mouse IgG) conjugated with 10 nm col- 
loidal gold (Auro-Probe GAM 10 nm; Janssen Life Science, Belgium) at 
a dilution of 1:50 for 1 h. For negative control, primary antibody was 
omitted. After the immunolabelling, the sections were fixed in 2% glu- 
taraldehyde for 10 rain, contrasted with 2% uranyl acetate oxalate and 
uranyl acetate, and finally stabilized by a 1.1% tylose membrane. The 
sections were observed with a Phillips 400 electron microscope. 

R e s u l t s  

The  monoc lona l  ant ibody c lone  PAb240 showed  granular  
posi t ive  immunoreac t ions  in nuclei  o f  os teosarcoma cells. 
Nuc leo la r  regions were  somet imes  dist inctly spared (Fig. 
1A). The  propor t ion and distr ibution o f  posi t ive  cells  in os- 
t eosa rcoma tissues were  var iable  f rom tumour  to tumour  and 
even  with in the same tumour. S o m e  variat ion was also ob- 
served in the intensity of  staining. Nucle i  o f  non-neoplas t ic  
cei ls  in os teosa rcoma tissues were  comple te ly  negat ive.  Os-  
teosarcomas  somet imes  showed  w e a k  in t racytoplasmic  reac-  
t ions wi th  PAb240.  We did not  cons ider  those  reactions as 
specif ic,  since cy top lasm of  normal  osteoblasts  was also stai- 
ned weakly  with the same ant ibody in a few cases. Out  o f  18 
os teosarcomas  studied, 12 (67%) showed  posi t ive  cells  wi th  
PAb240. Mos t  o f  them presented posi t ive  react ions in more  
than 10% of  tumour  cells. Intense and diffuse posi t ive  reac-  
tions, in more  than 50% of  tumour  cells  were  seen in 6 cases 
(33 %). PAb 1801 also exhibi ted  an intranuclear  granular  pos-  
i t ive react ion in os teosarcoma cells  (Fig. 1B). No  signif icant  
posi t ive  react ions were  detected in non-neoplas t ic  cells  in the 
os teosarcoma tissue. Out  o f  18 os teosarcomas,  7 (39%) pre- 
sented pos i t ive  immunoreac t ions  with PAb l801 .  Mos t  o f  
these were  also posi t ive  wi th  PAb240. Staining intensit ies o f  
P Ab l801  were  comparab le  to those of  PAb240 in most  tu- 
mours  (Table 2). No  corre la t ion could  be  seen be tween  the 
express ions  o f  p53 protein and cl inical  features,  such as the 
age o f  the patients and their  response  to preopera t ive  chemo-  
therapy, or pa thologica l  features inc luding the locat ion o f  tu- 
mours  or  h is to logica l  subtypes.  D N A  ploidies  were  mea-  
sured in 9 os teosarcomas.  The  other  tumour  spec imens  were  
not  suitable for  D N A  morphome t ry  because  o f  the strong de- 

Fig. 1A,B. Immunostaining of osteosarcoma (case 11) with monoclonal 
antibody clone PAb240 (A) and clone PAb1801 (B). A Nuclei of more 
than 50% of tumour cells show granular positive immunoreactions of 
various levels of intensity. Nucleolar regions are distinctly spared in 
some positive mmour cells (arrows). B Clone PAb 1801 also reacts with 
nuclei of tumour cell with various intensities. No nuclear staining with 
haematoxylin, A • B x375 

Table 2. Expressions of p53 protein in osteosarcomas 

Case Immunoreactions a with 

PAb240 PAb 1801 

1 + + +  - 

2 +++ +++ 
3 ++ +++ 
4 - - 
5 +++ + 
6 - - 

7 - - 
8 - - 

9 +++ - 
10  + + +  - 

11 +++ +++ 
12 + - 
13 • + 
14 ++ - 
I5 ++ - 
16 ++ +++ 
17 - - 
18 ++ ++ 

" +++, more than 50% of tumour cells are positive; ++, 10%-50% oftu- 
mour cells are positive; +, fewer than 10% of tumour cells are positive; 
_+, positive only in a few turnout ceils; -, tumour cells are negative 
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Fig. 2. Immunostaining of malignant fibrous histiocytoma with 
PAbl801. About 50% of tumour cells show intranuclear positive reac- 
tions. No nuclear staining with haematoxylin. • 

Fig. 4. Immunostaining of myositis ossificans with PAb 1801. A single 
preosteoblast actively proliferating around woven bone (WB) shows a 
distinct positive reaction in the nucleus (arrow). Nu nuclear staining 
with haematoxylin, x375 

Fig. 3. Immunostaining of giant-cell tumour with PAb 1801. PAb 1801 is 
expressed in the nuclei of some osteoclast-like multinucleated giant cells 
(arrows). In this picture, stromal cells show no positive reactions. No 
nuclear staining with haematoxylin, x520 

Table 3. Expressions of p53 protein in osteosarcomas and other bone tu- 
mours and reactive lesions 

Lesion Number of cases Number of cases positive with 
examined PAb240 PAb 1801 

Osteosarcoma 18 
Chondrosarcoma 3 
Malignant fibrous 3 
histiocytoma 
Ewing's sarcoma 7 
Non-Hodgkin 
lympboma 1 
Chordoma 1 
Giant-cell tumour 4 
Benign tumour and 21 
reactive lesions 

12 7 
1 1 
1 3 

2 6 

0 0 
0 1 
2 2 
0 2 a 

Chondroblastoma and myositis ossificans 

calcification. One tumour was diploid and 8 tumours showed 
aneuploid stemlines. In 2 of  those 8 osteosarcomas, an addi- 
tional diploid tumour stemline coexisted with the aneuploid 
one. No correlation was seen between the expression of  p53 
protein and D N A  ploidy patterns of  osteosarcoma (Table 1). 

PAb240-posit ive cells were also seen in a small number of  
malignant  bone tumours other than osteosarcoma: 2 of  7 Ew- 
ing 's  sarcomas, 1 of  3 chondrosarcomas,  and 1 of  3 malig- 
nant fibrous histiocytomas. The numbers of  PAb240-posit ive 
cells were small except in 1 malignant  fibrous histiocytoma. 
In Ewing 's  sarcomas particularly, the numbers of  PAb240- 
posit ive cells were small, fewer than 1% of  tumour cells, and 
staining intensities were weak. In contrast, malignant  bone 
tumours other than osteosarcoma frequently and intensely 
expressed posit ive reactions with PAb1801:6/7 Ewing 's  sar- 
comas, 1/3 chondrosarcomas,  3/3 malignant  fibrous histicy- 
tomas (Fig.2), and 1/1 chordoma. PAbl801 stained all tu- 
mours that were posit ive with PAb240 (Table 3). A small 
number of  stromal cells, fewer than 1%, showed posit ive re- 

actions with PAbv240 in 2 of  4 giant-cell  tumours. PAbl801 
was also demonstrated in those cases, and PAbl801-posi t ive  
cells were much more numerous than PAb240-posit ive ones. 
In addition, PAb 1801 was expressed in nuclei of  some osteo- 
clast-like multinucleated giant cells of  a giant-cell  tumour 
(Fig.3). 

None of  the benign bone lesions reacted with PAb240. In 
contrast, PAbl801 was expressed in tumour cells of  1 of  2 
chrondroblastomas and in actively proliferating preosteo- 
blasts in 1 case of  myosit is  ossificans (Fig.4). 

Immunoelectron-microscopic examinations were per- 
formed on 2 osteosarcomas: on examination with PAbl801,  
p53 protein was mainly localized in the euchromatic ares of  
nuclei in osteosarcoma cells. Heterochromatic areas, nucleo- 
li, nuclear membrane,  and cytoplasm were hardly labelled 
for p53 protein (Fig. 5A). No significant deposit ion of  gold 
particles was seen in the negative control (Fig. 5B). The im- 
munoelectron-microscopic trial with PAb240 was not suc- 
cessful. 
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Fig. 5A, B. Immunoelectron micrographs of osteosarcoma (case 11) 
with PAb 1801 (A) and negative control (B). A Eucbromatic areas of tu- 
mour nucleus are intensely labelled by PAb 1801. Heterochromatic area 
(*), nucleolus (NL), nuclear membrane, and cytoplasm (Cp) are negative 
for labelling. B Negative control shows no significant labelling of the tu- 
mour cells with PAbl801. A x25 000, B x12 000 

Discussion 

Missense point mutations in the p53 gene are the most fre- 
quently identified genetic change in human cancers (Nigro et 
al. 1989; Takahashi et al. 1989; Chiba et al. 1990; Hollstein et 
al. 1991; Felix et al. 1992; Frankel et al. 1992; Kohler et al. 
1992). Gannon et al. (1990) recently established a monoclon- 
al antibody to p53 protein, designated PAb240, which does 
not react with wild-type p53 protein but recognizes mutant 
forms of p53 protein resulting from various activating muta- 
tions. This suggests that the different point mutations exert a 
common conformational effect on the protein. The presence 
of the common conformational change is also supported by 
the evidence that mutant p53 protein fails to bind to simian 
virus 40 (SV40) large T antigen and associates with heat- 
shock protein, while wild-type p53 protein binds to SV40 
large T antigen but not to heat-shock protein (Gannon et al. 
1990). The current immunohistochemical study using this 
monoclonal antibody showed that mutant p53 protein is fre- 
quently (67%) expressed in the nuclei of osteosarcoma cells. 
In 33% of the osteosarcomas, particularly positive reactions 
were seen in more than half of the tumour cells. These fre- 
quent and widespread expressions of mutant p53 protein in 
osteosarcomas suggest that mutation of p53 gene is one of 
the crucial steps in the development of osteosarcomas. 

PAb240 was positive also in a small number of other ma- 
lignant bone tumours such as malignant fibrous histiocyto- 
ma, chondrosarcoma, and Ewing's sarcomas. Furthermore, 
cells in giant-cell tumours reacted with PAb240. Although 
giant-cell tumours usually show benign biological behav- 
iour, they possess a metastatic potential in approximately 2% 
of cases and change to a highly malignant form in 4% of 
cases (Ladanyi et al. 1989). In contrast, mutant p53 was com- 
pletely negative in the benign bone tumours and reactive le- 
sions examined. These findings are consistent with the previ- 
ous immunohistochemical studies on expressions of mutant 
p53 protein in colorectal tumours and lung cancers (Iggo et 
al. 1990; Purdie et al. 1991). Iggo et al. (1990) showed the 
mutant p53 protein in 70% of lung cancers, but in no normal 
lung tissue. They confirmed the existence of a mutation of 
the p53 gene in representative cases. Purdie et al. (1991) 
demonstrated the appearance of mutant p53 protein not only 
in about 50% of colorectal carcinomas but also in some ade- 
nomas belonging to the more dysplastic categories, in which 
the risk of transition to invasive carcinoma is higher, sug- 
gesting a strong relationship between mutant p53 expression 
and malignant transformation in colorectal tumours. The cur- 
rent findings in various tumours and reactive lesions of bone 
further support the concept that mutant p53 arises relatively 
late in the neoplastic progression, and may correlate with in- 
creasing dysplasia, malignant transformation and increased 
tumour aggressiveness. 

In the current literature, the discussion continues concern- 
ing p53 as a possible tumour marker (Cossman and Schlegl 
1991; Hall et al. 1991; Wynford-Thomas 1991). The exten- 
sive study of Porter et al. (1992) using PAbl801 has shown 
that in a series of 255 tumours positive immunostaining was 
noted in a wide variety of malignant tumours, but not in be- 
nign tumours or in non-neoplastic tissues. Our immunohis- 
tochemical results with the antibody PAbl801, however, 
seem to limit this suggestion, since the antibody presented 
positive reactions in some benign tumours and reactive le- 
sions of bone. On the other hand, the result with the antibody 
PAb240 did not reveal any positive reaction in benign bone 
tumours or reactive bone lesions. Therefore, the selection of 
the antibody might be of importance for the utility of p53 ex- 
pression as a possible marker of malignant tumours in bone 
tumour pathology. If more extensive studies confirm these 
data, it will be the first time that reactive bone-forming le- 
sions, such as myositis ossificans or aneurysmal bone cysts, 
can be discerned from highly malignant osteosarcoma not 
only by skilled examination of conventional tissue stains, but 
also by biological characteristics of the osteosarcoma cells. 

The expression of mutant p53 protein was not correlated 
with any clinicopathological factors examined. Response to 
preoperative chemotherapy is considered a good parameter 
for favourable prognosis in osteosarcoma (Rosen et al. 
1982). Recently Look et al. (1990) and Mankin et al. (1991) 
reported that the presence of diploid tumour stemlines re- 
sulted in a poorer prognosis is than did aneuploid osteosarco- 
ma. In the present study, 7 of 17 osteosarcomas were re- 
sponders to preoperative chemotherapy. As to DNA ploidy, 
one osteosarcoma showed an entirely diploid stemline, and 
an additional diploid tumour stemline coexisted with aneu- 
ploid stemlines in two other osteosarcomas. Expressions of 
mutant p53 protein did not correlate with responsiveness to 
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preoperative chemotherapy, or with the pattern of  D N A  ploi- 
dy of  the osteosarcomas. Therefore, expression of  p53 pro- 
tein does not seem to be related to the prognosis of  osteosar- 
coma. However,  the clinical significance of  expression of  
mutant p53 protein should be decided in a future study of  a 
large number of cases with complete  follow-up. 

The exact function of  p53 protein in normal cells is still 
unclear. Recent studies suggested that p53 protein controls 
the cell cycle by negatively regulating gene transcription, 
perhaps a set of  genes that effect the passage from a 1 to S 
phase (Levine et al. 1991). The present immunoelectron-mi-  
croscopic study using the antibody PAbl801 clearly local- 
ized p53 protein in the euchromatic area of  nuclei of  osteo- 
sarcoma cells, in which D N A  is actively synthesized and 
transcribed (Bloom and Fawcett  1975). Our findings indicate 
morphological ly  the contribution of  p53 protein to the regu- 
lation of  D N A  synthesis and/or transcription. Furthermore, 
the characteristic localization of  p53 protein further supports 
the specificity of  the present immunohistochemical  findings. 

Recently, several monoclonal  antibodies have been estab- 
lished against p53 protein (Walker et al. 1991). Comparat ive 
studies using those antibodies reported that PAbl801 and 
PAb240 stained in a similar pattern and frequency in com- 
mon human cancers (Mark et al. 1991; Purdie et al. 1991; 
Walker  et al. 1991). Compared with those results, the present 
findings in osteosarcomas must be considered unexpected. 
Of the 12 osteosarcomas reacting posi t ively with PAb240, 6 
did not react with PAbl801.  The impact of  technical differ- 
ences seems to be less plausible, because PAb 1801 frequent- 
ly and intensely stained malignant  bone tumours other than 
osteosarcomas. Mutant  p53 proteins seem to be heteroge- 
neous, structurally and functionally (Levine et al. 1991). Mu- 
tant p53 protein expressed in osteosarcomas may have a dif- 
ferent conformation from that in other common cancers. The 
exact nature of  mutant p53 protein in osteosarcoma should be 
further investigated on the biochemical  and biophysical ,  as 
well as on the D N A  level. 
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