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Abstract. We employed the polyclonal anti-p53 antibody 
NCL-CM1 to cultured cells and pathological tissues in 
order to investigate the expression of  p53 oncoprotein 
in human malignant melanomas. The results in the cul- 
tured cells showed that the antigenic determinant was 
sensitive to formalin fixation, resulting in a lower reac- 
tivity than with fixation by alcohol. In pathological tis- 
sues, the expression of  p53 oncoprotein increased with 
progression of the tumour. Among 79 melanomas 37 
(47%) showed distinct nuclear labelling and the highest 
proport ion of reactive cells was observed in metastatic 
melanomas (mean 4.8%). An immunocytochemical 
study also revealed the presence of  mutant-type onco- 
protein in human melanoma cell lines, which was recog- 
nized by monoclonal antibody P240, and we confirmed 
that the molecular weight of  the antigens recognized by 
both antibodies was 53 kDa by Western blot analysis. 
Therefore, although the presence of point mutations in 
human melanomas is yet to be confirmed our data sug- 
gest that the antigen detected by NCL-CMI  is a mutant- 
type or a complex of  mutant  and wild-type p53 oncopro- 
teins. This antibody may be useful in retrospective stu- 
dies of tumours of  melanocytic origin. 
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Introduction 

Malignant transformation of tumours is believed gener- 
ally to occur in a series of  discrete steps. A large number 
of  possible causes have been proposed for this complex 
and still poorly understood process. Recent studies using 
biochemical and molecular biological techniques, how- 
ever, have revealed that many, though not all, malignant 
tumours are closely linked to certain types of  oncogenes 
and oncogene products, which may be able to function 
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as growth factors, receptors and transformation inducers 
(Wynford-Thomas 1991). For example, ras mutations 
and the enhanced expression of  c-myc and c-fos have 
been reported in malignant melanomas (Shukla et al. 
1989; Peris et al. 1991). However, the concept of  an anti- 
oncogene (tumour suppressor gene) involved in main- 
taining a benign phenotype is also part of  modern think- 
ing in this complex area. Extensive studies have been 
made to clarify the roles and functions of  anti-oncogenes 
(Barbareshi et al. 1992). RB (retinoblastoma) and p53 
are the most representative and have been the objects 
of considerable research, p53 was first reported as a tu- 
mour suppressor gene by Lane and Crawford (1979). 
They identified it from mouse cells transformed with 
SV40 virus; p53 is located in the short arm of chromo- 
some 17. This gene encodes for a nuclear protein in- 
volved in the control of  cellular growth and regulation 
of the cell cycle (Harris 1991). Wild-type p53 protein 
has a very short half-life and is detected in trace amounts 
in normal cells; this is the only gene which has been 
reported to suppress tumours. Mutant-type p53 has a 
longer half-life and binds to wild-p53 and other onco- 
genic or viral proteins to form stable complexes, result- 
ing in an accumulation of  detectable amounts of  the 
protein (Finlay et al. 1988). 

In this study, immunohistochemical studies were car- 
ried out in order to investigate the expression of  p53 
oncoprotein in human melanoma cell lines and patho- 
logical tissues from various melanocytic tumours, using 
polyclonal anti-p53 antibody (NCL-CM1). The signifi- 
cance and something of the role of this oncoprotein in 
tumours of  melanocytic origin were elucidated. This an- 
tibody may prove to be useful in tumour pathology. 

Materials and methods 

The cultured human melanoma cell lines, MM96E and L (Pope 
et al. 1979), MM418 (Maynard and Parsons 1986), MM-S5 (un- 
published), A2058 (Palyi 1989) and SK-MEL-30 (Tai et al. 1983) 
were used in the present study to elucidate the expression of p53 
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Table 1. Immunoreactivity and localiza- 
tion of p53 oncoprotein recognized by 
NCL-CM1 in human melanoma cell lines 
treated with three different fixatives 

Cell line Acetone Ethanol Formalin 

Reactivity Location Reactivity Location Reactivity Location 

MM96E 2 + Nc 2 + Nc 1 + + Cyt 
MM96L 3 + Nc 3 + Nc 1 + + Cyt 
MM418 3 + Nc 2 + + Nc 1 + + Nc/Cyt 
A2058 3 + Nc 3 + Nc 1 + + + Nc/Cyt 
MM-S5 3 + + + Nc 3 + + Nc 1 + + + Nc/Cyt 
SK-MEL30 3 + + +  Nc 3 + + +  Nc 2 + + +  Cyt 

Reactivity and proportion of positive cells: 1, weak; 2, moderate; 3, strong; + ,  1-10% ; 
+ + , 1 1 - 2 0 % ;  + + + ,  >21% 
Location of immunoproduct: Nc, nuclear staining; Cyt, cytoplasmic staining; Nc/Cyt, 
nuclear and cytoplasmic staining 

Table 2. Expression of p53 oncoprotein recognized by NCL-CM1 
in formalin-fixed and paraffin-embedded melanocytic tumours 

Tissue Number of Proportion of 
cases positive cells (%) 

Tested Positive Mean (Range) 

Common melanocytic naevi 45 5 0.3 (0 7.2) 

Junctional naevi 5 0 0 (0) 
Compound naevi 10 1 0.1 (0-1.2) 

(e) 10 0 
(d) 10 l 

Intradermal naevi 15 3 0.7 (0 7.2) 
Spitz's naevi 5 0 0 (0) 
Dysplastic naevi 5 0 0 (0) 
Lentigo simplex 5 1 0.1 (0 0.4) 

Malignant melanomas 79 37 4.0 (0-46.9) 

Primary lesions 42 16 3.4 (0-46.9) 
level I 5 0 0 (0) 
level II 2 1 0.5 (0-0.9) 
level III 2 1 2.3 ((Y4.6) 
level IV 6 3 2.2 (0-7.6) 
level V 14 9 8.7 (0-46.9) 
mucosal lesions 13 2 0.1 (0-0.8) 

Metastatic lesions 37 21 4.8 (0-38.6) 

(e), Epidermal tumour cells; (d), dermal tumour cells 

oncoprotein (Table 1). The cell lines were the generous gift of Dr. 
P.G. Parsons (Queensland Institute of Medical Research, Brisbane, 
Australia) except for SK-MEL-30, which was kindly donated by 
Dr. A.N. Houghton (MemoriaI Sloan-Kettering Cancer Center, 
New York, USA), and MM-S5, which was established in our labo- 
ratory. Cultures were maintained in RPMI 1640 medium supple- 
mented with 5% fetal calf serum (v/v), streptomycin (100 gg/ml), 
peniciIlin (100 units/ml), and 3 mM 4-(2-hydroxyethyl)-l-pipera- 
zine ethane-sulphonic acid (HEPES) and incubated in a humidified 
atomosphere containing 5% carbon dioxide/air. 

One hundred and twenty-four tumour lesions of melanocytic 
origin, routinely fixed in 10% neutral-buffered formalin and em- 
bedded in paraffin, were selected for this study. Details of these 
lesions are listed in Table 2. 

Polyclonal anti-p53 antibody, NCL-CMI (Novocastra, UK), 
was employed for most of the present study. This antibody was 
developed against recombinant human wild-type p53 protein ex- 
pressed in Escherichia coli, and has been reported to recognize 
both wild- and mutant-type p53 protein (Bartek et al. 1991). Fur- 
thermore, P240, a monoclonal antibody against mutant-type p53 

(Oncogene Science, USA) (Gannon et al. 1990) effective only on 
frozen tissues, was used in cell cultures and Western blot analysis 
to elucidate the expression of mutant-type oncoprotein in melano- 
ma cells. 

For ease of detection of p53 in cultured melanoma cell lines, 
cells were plated in culture chamber slides (Nunc, Denmark) over- 
night at 37~ to allow attachment. Plates were then fixed with 
acetone for 15 min at 4 ~ C, ethanol for 1 min at room temperature 
(RT), or 10% neutral-buffered formalin for 15 min at RT, followed 
by extensive washes in phosphate buffered saline (PBS), pH 7.4. 
The subsequent procedures were followed in immunohistochemical 
staining of pathological tissues. Sections (4 gm thick) were deparaf- 
finized through xylene and graded alcohols, and endogeneous per- 
oxidase activity was blocked by incubation in 0.3% hydrogen per- 
oxide in methanol for 15 min. All staining procedures were carried 
out at RT unless otherwise stated. Normal serum was used to 
reduce background staining and primary antibody NCL-CM1 (di- 
luted 1:1000) was applied overnight at 4 ~ C. For the staining of 
cultured cells, NCL-CM1 and P240 (at a dilution of 1:200 in PBS) 
were reacted for 1 h at RT. After the specimens had been washed 
in PBS, they were incubated with biotinylated anti-rabbit and anti- 
mouse immunoglobulins. The specimens were treated with avidin- 
biotin peroxidase complex reagent (Histofine Kit, Nichirei Labs, 
Japan) for 5 min following application of diaminobenzidine tetra- 
hydrochloride as a chromogen. After confirming the presence of 
nuclear labelling, specimens were lightly counterstained with Giem- 
s a .  

Counting of nuclear labelling was carried out under high-power 
magnification in 2-4 representative areas, each containing over 
100 tumour cells. 

The Western blot and immunostaining procedure have been 
described in detail elsewhere (Takahashi and Parsons 1990). Briefly, 
cultured melanoma cells (approximately 5 x 10 6 cells) were har- 
vested, resuspended in cell lysis buffer [20% glycerol, 1% sodium 
dodecylsulphate (SDS), 10 mM TRIS, pH 7.4 and 2 mM phenyl- 
methyl sulphonyl fluoride], and sonicated for 3 min. Lysates were 
immersed in boiling water for 4 min, then ultracentrifuged for 
10 min at RT. From each cell lysate, 20 gl was loaded onto 10% 
polyacrylamide gel and electrophoresed in 25 mM TRIS containing 
192 mM glycine and 0.1% SDS. After transfer of proteins onto 
nitrocellulose membrane, immunostaining was. carried out accord- 
ing to the method reported previously (Takahashi et al. 1991 b). 
As a molecular weight marker of immunostaining, monoclonal 
anti-vimentin (57 kDa, Dakopatts, Denmark) was used, as vimen- 
tin is expressed in melanoma cells. 

Results 

T h r e e  d i f f e r en t  f ixa t ives  w e r e  used  to  i nves t iga t e  the  
p r e s e n c e  o f  p53 o n c o p r o t e i n  in c u l t u r e d  m e l a n o m a  cells 
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Fig. 1 a-c. Immunocytochemistry 
of cultured human melanoma 
cells. Distinct nuclear labelling of 
NCL-CM1 is shown in acetone- 
fixed A2058 melanoma cells (a), 
whereas immunoproduct is weak- 
ly recognized in both the nucleus 
and the cytoplasm of formalin- 
fixed cells (b). Mutant protein is 
shown in the nucleus and/or peri- 
nuclear region of MM 96E mela- 
noma cells by monoclonal anti- 
body P240 (c). • 240 

Fig. 2a-e. Immunohistochemistry 
of pathological tissues by NCL- 
CM1. Nuclear staining is weakly 
shown in dermal naevus (a), 
whereas uniform and intense la- 
belling is observed in primary 
melanoma cells (b). Compared to 
the monotonous labelling in pri- 
mary lesions, that seen in meta- 
static lesions is heterogeneously 
expressed (c). x 240 

and the effect of  fixatives on antigenic expression. In 
acetone and alcohol fixation (ethanol), distinct nuclear 
labelling by NCL-CMI  was observed in 5-30% of  the 
cells. Staining of  the cytoplasm and of the nucleus was 
only occasionally observed in formalin-fixed cells, and 
the reaction intensity in general tended to be weaker 
than in alcohol fixation (Fig. 1). No significant differ- 
ences in immunoreactivity were observed among five 
melanoma cell lines with respect to either the proport ion 
of reactive cells or intensity of reactions in individual 
cells. The cell lines showed varying levels of  tyrosinase 
activity and melanin content, indicating that p53 expres- 
sion is not correlated with melanogenesis or type of  pig- 
ment cells. Regarding the reactivity of monoclonal anti- 
body P240, the proport ion of  reactive cells and staining 
intensity were similar to those with NCL-CM1,  except 
for formalin fixation, which abolished nuclear staining. 
The results of the proport ion of positive cells and stain- 
ing intensity by NCL-CM1 are summarized in Table 1. 

Because of the inapplicability of P240 antibody to 
paraffin-embedded tissues, immunohistochemical stu- 
dies were carried out using NCL-CM1 alone. In all 124 
pathological specimens used in this study, the rate of  
p53 expression was observed to increase with advance 
in the stage of  malignancy. In normal skin, no nuclear 
staining was observed in any cutaneous components. In 
addition, no reactive cells were seen in the skin from 
exposed areas, suggesting solar exposure (including ul- 
traviolet irradiation) does not activate the expression 
of  p53 oncoprotein at the histological level. 

Among 45 lesions of  common melanocytic naevi 
(CMN), 3 lesions of  dermal naevi, 1 dermal component  
of compound naevi, and 1 lesion of  lentigo simplex indi- 
cated nuclear staining, though at a low intensity 
(Fig. 2 a). No reactive cells were recognized in any lesions 
of Spitz's naevi and dysplastic naevi. The overall propor-  
tion of positive cells in CMN ranged between 0 and 
7.2% (mean 0.3%). 

Nevertheless 16 (38 %) of  42 primary malignant mela- 
noma lesions showed distinct nuclear labelling by the 
NCL-CM1 antibody (Fig. 2b). Although a uniform in- 
tensity of  nuclear staining was observed in primary mela- 
nomas, the proport ion of  p53-expressing cells in these 
lesions was found to rise in parallel with the level of  
tumour invasion (Fig. 3). However, once melanoma cells 
had invaded deeper than level III, no statistical signifi- 
cance was obtained between primary and metastatic le- 
sions, suggesting that the accumulation of p53 oncopro- 
tein levels off  after a certain stage of tumour progression. 
Interestingly, in contrast to cutaneous primary melano- 
mas, mucosal lesions showed a lower proport ion of reac- 
tive cells (mean 0.1%) (Table 2). Among 37 lesions of  
metastatic melanomas, 21 (57%) were labelled in the 
nucleus despite being more heterogeneous than primary 
lesions (Fig. 2 c), and the overall mean reactivities in pri- 
mary and metastatic lesions were 3.4% and 4.8%, re- 
spectively. 

The expression of  p53 oncoprotein was also con- 
firmed by Western blot analysis using P240 antibody 
against mutant-type oncoprotein and NCL-CMI  anti- 
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Fig. 3. The proport ion of p53-expressing cells detected by NCL- 
CM1 in various melanocytic tumours. The proportion of nuclear 
labelling increases according to the stage of the tumour. CMN, 
Common melanocytic naevi; LS, lentigo simplex; SN, Spitz's nae- 
vi; DN, dysplastic naevi; pMM, primary melanoma; mMM, meta- 
static melanoma 

Fig. 4 a-e. Western blot analysis of extracts from human melanoma 
cells. Molecular weight of vimentin is seen at 57 kDa in MM96E 
cell lysates (a). Monoclonal antibody against mutant protein, P240, 
shows a distinct single band in extracts of MM96E (b), whereas 
two bands are found in MM418 cell extracts, probably because 
of a degradation of oncoprotein (e). NCL-CM1 also reveals a in- 
tense band at 53 kDa in extracts from MM96E (d) and MM418 
(e), respectively 

body (Fig. 4). As shown in Fig. 4, a distinct band was 
recognized by P240 monoclonal  antibody; its molecular 
weight was slightly lower than the 57 kDa indicated by 
the anti-vimentin antibody (Fig. 4a). Interestingly, 
MM96E showed a single band while MM418 had two 
bands. The second band was probably induced by a de- 
graded protein (Fig. 4b, c). In addition, polyclonal anti- 
body NCL-CM1 also revealed a major band at the same 
molecular weight of  P240 antigen in melanoma cell ex- 
tracts (Fig. 4 d, e). 

Discussion 

Although various human malignant tumours, including 
breast (Ostrowski et al. 1991), lung (Iggo et al. 1990; 
Caamano et al. 1991 ; Iwaya et al. 1991 ; Hiyoshi et al. 

1992), colon (Purdie et al. 1991) and others (Barton et al. 
1991; Mazars et al. 1992; Villuendes et al. 1992), have 
been reported to show point mutations of genes and 
to express mutant-p53 oncoprotein (Porter et al. 1992), 
few studies have evaluated the expression and role of 
p53 oncoprotein in malignant melanomas (Strech et al. 
1991 ; Akslen and Morkve 1992) or used polyclonal anti- 
body against p53 (Barton et al. 1991 ; Slater et al. 1992). 
In the present study, we found that p53 oncoprotein 
was expressed in cultured human melanoma cell lines, 
extracts from melanoma cells, and pathological tissues. 
Of three different fixatives, the alcohol (ethanol) and 
acetone seemed to provide the most reliable record of  
p53 oncoprotein and the expression of  p53 oncoprotein 
was mainly restricted to the nucleus of  tumour cells, 
no matter what fixative was used. The molecular weight 
of  the antigen recognized by two antibodies (NCL-CMI 
and P240) was shown to be 53 kDa by Western blot 
analysis, p53 expression increased in parallel with the 
degree of malignant transformation; mucosal melano- 
mas showed lower expression, hinting at a better prog- 
nosis for this type (Natali et al. 1989; Iida et al. 1990). 
Although the reactivity was not identical, the rate of  
p53 expression tended to be similar to that of  proliferat- 
ing nuclear cell antigen recognized by 19A2 monoclonal 
antibody (Takahashi et al. 1991 a). Application of  poly- 
clonal antibody enabled a retrospective study of  tumours 
of  melanocytic origin to be made. 

The occurrence of  point mutations of  genes in malig- 
nant  melanoma has not been clearly established and thus 
the question arose whether the indications of  p53 onco- 
protein by NCL-CM1,  which have been accepted as reli- 
able in tumours other than melanomas (Bartek et al. 
1991 ; Barton et al. 1991 ; Midgley et al. 1992; Sim et al. 
1992; Slater et al. 1992), actually reflected a gene muta- 
tion in our specimens. There are two possible explana- 
tions for the readings of  p53 oncoprotein in this study. 
First, malignant transformation, whatever the incidence 
of  gene mutations, may cause a retardation of  the degra- 
dation rate of  the protein, resulting in an accumulation 
of  the wild-type oncoprotein. Second, there may be an 
increase of  mutant product  with subsequent formation 
of  complex of  mutant- and wild-type proteins, resulting 
in an accumulation of  total p53 oncoprotein. 

Wynford-Thomas (1992) reported that a spontaneous 
transformation of rat thyroid cells expressing mutant  
r a s  oncogene was regularly associated with a strong p53 
positivity by immunocytochemistry, but that the stabi- 
lized p53 protein was not the mutant  type. Yamazaki 
et al. (1992) have shown that no gene mutation was ob- 
served in melanomas by the PCR-SSCP method. 

However, point mutat ion was reported in 1 of  9 hu- 
man melanoma cell lines (Volkenandt et al. 1991), while 
Stretch et al. (1991) showed an expression of  mutant-p53 
oncoprotein in 85% of  frozen melanoma sections in an 
immunohistochemical study using monoclonal antibody 
P240 against mutant protein. In this latter study, meta- 
static melanomas showed a significantly higher preva- 
lence of  p53 protein over primary lesions. Bartek et al. 
(1992) also immunostained methacarn-fixed and paraf- 
fin-embedded sections of melanoma; 92% of  the lesions 
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expressed p53 in t u m o u r  cells. Both  o f  the la t te r  au thor s  
suggested p53 m u t a t i o n  as a c o m m o n  fac tor  in h u m a n  
m a l i g n a n t  t umours ,  inc luding  me lanomas .  F u r t h e r m o r e ,  
recent  s tudy showed tha t  an t igen  recognized  by  N C L -  
C M I  was r epo r t ed  to be p resen t  in ex t rac ts  f rom p53- 
m u t a n t  express ing cells (Midge ly  et al. 1992). In  the pres-  
en t  s tudy,  we have  conf i rmed  the express ion  o f  a m u t a n t -  
type  p ro te in  in cul tures  b o t h  by i m m u n o c y t o c h e m i c a l  
m e t h o d  and  by  e lec t rophore t i ca l  analys is  using P240 
m o n o c l o n a l  an t ibody .  Therefore ,  it  seems cer ta in  tha t  
m e l a n o m a  cells express  some m u t a n t  forms o f  p53 onco-  
p ro te in ,  a l t hough  the na tu re  o f  these is still u n k n o w n .  
The  an t igen  recognized  by N C L - C M 1  is l ikely to  be 
m u t a n t  type or  a complex  o f  m u t a n t -  a n d  wi ld - type  p ro -  
teins. 

However ,  m a l i g n a n t  t r a n s f o r m a t i o n  occurs  in a series 
o f  steps,  and  the overexpress ion  o f  p53 o n c o p r o t e i n  m a y  
be ref lect ing on ly  one aspect  o f  the  p h e n o t y p i c  changes  
resul t ing  f rom r a n d o m  gene a l t e ra t ions  a n d / o r  be a re- 
sult  o f  in te rac t ion  wi th  o the r  oncogenes ,  inc luding  the 
ras-  oncogene.  F u r t h e r  s tudies will  explore  m a n y  add i -  
t iona l  quest ions ,  pa r t i cu l a r ly  on  the role o f  this gene 
in me lanocy t i c  tumours .  Chemica l  reagents ,  which  di- 
rect ly  ac t ivate  va r ious  genes, a n d  u l t r av io le t  i r r a d i a t i o n  
m a y  p rov ide  the r ichest  evidence,  as this r ad i a t i on  is 
one o f  the mos t  ser ious con t r i bu t ing  fac tors  for  the p ro -  
gress ion o f  m a l i g n a n t  m e l a n o m a  in Caucas ians .  N o  evi- 
dence has  yet  come  to l ight o f  p53 express ion  in t issues 
f rom U V  exposed  areas  o f  Mongo l i ans .  

Acknowledgements. The authors thank Prof. M. Takahashi and 
Dr. T. Horikoshi for critical advice, N. Kajiura for technical assis- 
tance, and H. Ito for photographic work. 

References 

Akslen LA, Morkve O (1992) Expression of p53 in cutaneous mela- 
noma. Int J Cancer 52:13-16 

Barbareschi M, Girlando S, Mauri FA, Arrigoni G, Laurino L, 
Palma PD, Douglioni C (1992) Tumour suppressor gene prod- 
ucts, proliferation, and differentiation markers in lung neuroen- 
docrine neoplasms. J Pathol 166:343-350 

Bartek J, Bartkova J, Vojtesek B, Staskova Z, Lukas J, Rejthar 
A, Kovarik J, Midgley CA, Gannon JV, Lane DP (1991) Aber- 
rant expression of the p53 oncoprotein is a common feature 
of a spectrum of human malignancies. Oncogene 6:169%1703 

Barton CM, Staddon SL, Hughes CM, Hall PA, O'Sullivan C, 
Kloppel G, Theis B, Russell RCG, Neoptolemons J, Williamson 
RCN, Lane DP, Lemoine NR (1991) Abnormalities of the p53 
tumour suppressor gene in human pancreatic cancer. Br J Can- 
cer 64:1076-1082 

Caamano J, Ruggeri B, Momiki S, Sickler A, Zhang SY, Klein- 
Szsnto AJP (1991) Detection of p53 in primary lung tumors 
and nonsmall cell lung carcinoma cell lines. Am J Pathol 
139:839-845 

Finlay CA, Hinds PW, Tan TH, Eliyahu D, Oren M, Levine AJ 
(1988) Activating mutations for transformation by p53 produce 
a gene product that forms an hsp-70-p53 complex with an al- 
tered half life. Mol Cell Biol 8:531-539 

Gannon JV, Greeves R, Iggo R, Lane DP (1990) Activating muta- 
tions in p53 produce a common conformational effect. A mono- 
clonal antibody specific for the mutant form. EMBO J 5:1595 
1602 

Harris AL (1991) Telling changes of base. Nature 350:377 378 

Hiyoshi H, Matsuno Y, Kato H, Shimosato Y, Hirohashi S (1992) 
Clinicopathological significance of nuclear accumulation of tu- 
mor suppressor gene p53 product in primary lung cancer. Jpn 
J Cancer Res 83 : 101-106 

Iggo R, Gatter K, Bartek J, Lane D, Harris A (1990) Increased 
expression of mutant forms of p53 oncogene in primary lung 
cancer. Lancet 335:675 679 

Iida K, Horikoshi T, Onodera H, Takahashi M, Kageshita T (1990) 
Ocular malignant melanomas: immunohistochemical charac- 
terization and prognosis. (in Japanese) Skin Cancer 5:171-175 

Iwaya K, Tsuda H, Hiraide H, Tamaki K, Tamakuma S, Fukutomi 
T, Mukai K, Hirohashi S (1991) Nuclear p53 immunoreaction 
associated with poor prognosis of breast cancer. Jpn J Cancer 
Res 82:835-840 

Lane DP, Crawford LV (1979) T-antigen is bound to a host protein 
in SV40 transformed cells. Nature 278:261-253 

Maynard KR, Parsons PG (1986) Cross-sensitivity of methylating 
agents, hydroxyurea and methotrexate in human tumor cells 
of mer- phenotype. Cancer Res 46:5009-5013 

Mazars GR, Portier M, Zhang XG, Jourdan M, Bataille R, Theillet 
C, Klein B (1992) Mutation of the p53 gene in human myeloma 
cell lines. Oncogene 7:1015-1018 

Midgley CA, Fisher C J, Bartek J, Voltesek B, Lane D, Barnes 
DM (1992) Analysis of p53 expression in human tumours: an 
antibody raised against human p53 expressed in Eseherichia 
coli. J Cell Sci 101 : 183-189 

Natali PG, Bigotti A, Nicotra MR, Nardi R, Delovu A, Segatto 
O, Ferrone S (1989) Analysis of the antigenic profile of uveal 
melanoma lesions with anti-cutaneous melanoma-associated 
antigen and anti-HLA monoclonal antibodies. Cancer Res 
49:1269-1274 

Ostrowski JL, Sawan A, Henry L, Wright C, Henry JA, Hennessy 
C, Lennard TJ, Angus B, Horne HW (1991) p53 expression 
in human breast cancer related to survival and prognostic fac- 
tors: an immunohistochemical study. J Pathol 164:75-81 

Palyi I (1989) Heterogeneity of the response to inducers of differen- 
tiation and to cytostatics of tumor cell populations. Pathol Res 
Pract 183 : 11-17 

Peris K, Cerroni L, Chimenti S, Soyer HP, Kerl H, Hofler H (1991) 
Proto-oncogene expression in dermal naevi and melanomas. 
Arch Dermatol Res 283 : 500-505 

Pope JH, Morrison L, Moss DJ, Parsons PG, Mary R (1979) Hu- 
man malignant melanoma cell lines. Pathology 11:191-195 

Porter PL, Gown AM, Kramp SG, Coltrera MD (1992) Wide- 
spread p53 overexpression in human malignant tumors : an im- 
munohistochemical study using methacarn-fixed, embedded tis- 
sue. Am J Pathol 140:145-153 

Purdie CA, O'Grady J, Piris J, Wyllie AH, Bird CC (1991) p53 
expression in colorectal tumors. Am J Pathol 138:807-813 

Shukla VK, Hughes DC, Hughes LE, McCormick F, Padua RA 
(1989) ras mutation in human melanotic lesions: K-ras activa- 
tion is a frequent and early event in melanoma development. 
Oncogene Res 5:121-127 

Sim CS, Slater SD, McKee PH (1992) Mutanat p53 protein is 
expressed in Bowen's disease. Am J Dermatopathol 14:195-199 

Slater SD, McGrath JA, Hobbs C, Eady RA, McKee PH (1992) 
Expression of mutant p53 gene in squamous carcinoma arising 
in patients with recessive dystrophic epidermolysis butlosa. 
Histopathology 20 : 237-241 

Strech JR, Gatter KC, Ralfkiaer E, Lane DP, Harris AI (1991) 
Expression of mutant p53 in malignant melanoma. Cancer Res 
51 : 5976-5979 

Tai T, Eisinger M, Ogata S, Lloyd KO (1983) Glycoproteins as 
differentiation markers in human malignant melanoma and me- 
lanocytes. Cancer Res 43 : 2773-2779 

Takahashi H, Parsons PG (1990) In vitro phenotypic alteration 
of human melanoma cells induced by differentiating agents: 
heterogeneous effects on cellular growth and morphology, enzy- 
matic activity, and antigenic expression. Pigm Cell Res 3:223- 
232 



132 

Takahashi H, Strutton GM, Parsons PG (1991a) Determination 
of proliferating fractions in malignant melanomas by anti- 
PCNA/cyclin monoclonal antibody. Histopathology 18:221- 
227 

Takahashi H, Schumann R, Quinn R, Briscoe TA, Parsons PG 
(1991b) Isomers of a marine diterpine distinguish sublines of 
human melanoma cells on the basis of apoptosis, cell cycle 
arrest and differentiation markers. Melanoma Res 1 : 359-366 

Villuendes R, Piris MA, Orradre JL, Mollejo M, Algara P, Sanchez 
L, Martinez JC, Martinez P (1992) p53 protein expression in 
lymphomas and reactive lymphoid tissue. J Pathol 166:235-241 

Volkenandt M, Schlegel U, Nanus DM, Albino AP (1991) Muta- 
tional analysis of the human p53 gene in malignant melanoma. 
Pigm Cell Res 4:3540 

Wynford-Thomas D (1991) Oncogenes and anti-oncogenes; the 
molecular basis of tumour behaviour. J Pathol 165:187-201 

Wynford-Thomas D (1992) p53 in tumour pathology: can we trust 
immunohistochemistry? J Pathol 166:320-330 

Yamazaki Y, Murakami Y, Sekiya T, Ishihara K, Saida T (1992) 
Presentation at 91st annual meeting of Japanese Dermatologi- 
cal Association (abstract, in Japanese). Jpn J Dermatol 102:233 


