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Abstract We analysed p53 protein immunoreactivity in 
hepatocellular carcinomas (HCCs) and in liver cell dys- 
plasia (LCD) of patients from an area in Northern China, 
using five anti-p53 protein antibodies recognizing differ- 
ent epitopes of the protein. In HCCs, the overall preva- 
lence of p53 protein immunoreactivity was 78.3%. How- 
ever, prevalence was strongly influenced by the type of 
antibody used, ranging from 67.5% for antibody PAb- 
1801 to only 10.8% for antibodies PAb-421 and DO-7. 
p53 protein immunoreactivity was not related to type or 
grade of HCC. In contrast to former reports, p53 protein 
staining was restricted to nuclei only when using the 
CM-1 antibody, whereas two other antibodies yielded 
both, nuclear and cytoplasmic or membrane staining, and 
no nuclear staining was observed with antibodies PAb- 
421 and DO-7, the latter two, however, demonstrating 
cytoplasmic and membrane staining. For LCD, three 
subtypes were morphologically and karyometrically de- 
fined. Nuclei of some LCD cells were p53 immunoreac- 
tive, but positivity was restricted to the small cell variant 
of LCD. Positivity was different for cirrhosis with or 
without associated HCC, amounting to 18.9% in the for- 
mer and 39.4% in the latter. Interestingly, p53 protein 
immunoreactivity also occurred in a set of small he- 
patocytes not showing the typical features of LCD and 
therefore classified as simple regenerating liver cells. 
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Introduction 

There is now convincing evidence that wild-type (WT) 
p53 has tumour suppressor activity [45]. Even though 

M. Zhao - J. A. Laissue - A. Zimmermann (~) 
Institute of Pathology, University of Bern, Murtenstrasse 31, 
CH-3010 Bern, Switzerland 

N-X. Zhang 
Department of Pathology, Tianjin Medical College, 
Tianjin, China 

not all human tumours have p53 mutations, this gene is 
by far the most frequently mutated of all the known sup- 
pressor genes and oncogenes [12]. Mutations of the p53 
gene have been observed in human hepatocellular carci- 
nomas (HCCs) [5, 6, 7, 22, 23, 24, 25, 32, 37, 40, 42, 44, 
46, 49, 50, 59] and p53 mutation in HCC appears to oc- 
cur frequently at the third position of codon 249 (a muta- 
tional hotspot with glycine to tyrosine transversion). 
However, a codon 249 mutation may not represent a gen- 
eral phenomenon because no such mutations were found 
in 47 North American HCCs [29], in other patients of 
predominantly Caucasian origin [11, 20, 53] or in 60 
HCC patients from Japan [19]. The prevalence of p53 
gene mutations in HCCs varies considerably from one 
region to another, reported frequencies ranging from 
10-15% in Europe [32] to 50-60% in sub-Saharan Afri- 
ca and the Far East [25] and codons other than 249 can 
be affected by mutation [40, 59]. 

In contrast to fully established HCCs, not much is 
known with respect to p53 expression in HCC precursor 
lesions. Aflatoxin B 1-induced rat hepatic hyperplastic 
nodules did not exhibit a site-specific mutation within the 
p53 gene [26], and it has been surmised that mutation of 
one p53 gene allele may be a late event in hepatocarcino- 
genesis, being preceded by loss of one allele [44]. 

The aim of the present study was threefold. Firstly, we 
were interested to test whether heterogeneity of immuno- 
histochemically detectable p53 protein expression would 
show up in a series of HCCs collected in an area pre- 
sumed to have a high prevalence of p53 gene mutations 
(Northern China). For this purpose, five anti-p53 protein 
antibodies recognizing different epitopes were used. Sec- 
ondly, we investigated the relationship between types and 
grades of HCCs and p53 protein expression patterns. 
Thirdly, we analysed three types of liver cell dysplasia in 
cirrhotic livers associated with or without HCC for the 
presence of immunoreactive p53 protein. 

Materials and methods 

Biopsies and operation specimens from 37 Chinese patients with 
liver cirrhosis and HCC, and 66 Chinese patients with cirrhosis but 
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without HCC were analysed retrospectively. The selection criteri- 
on was the presence of liver cell dysplasia (LCD), identified in a 
set of 1748 liver tissue samples assessed between 1957 and 1988 
in a Northern Chinese centre. The hepatitis B virus (HBV) status 
of the patients was not known. The material analysed did not con- 
tain foci of atypical adenomatous hyperplasia, or borderline le- 
sions defined according to a recent paper [14]. For conventional 
light microscopy, tissues were fixed in 10% buffered formalde- 
hyde solution, dehydrated and embedded in paraffin. Fixation be- 
fore embedding was less than 30 h throughout. Sections were stai- 
ned with haematoxylin and eosin. 

Antibodies used in the present study and working dilutions em- 
ployed are listed in Table 1. For PAb-1801, PAb-240, PAb-421, 
DO-7 and proliferating cell nuclear antigen (PCNA) antibodies, 
immunostaining was performed using a modified alkaline phos- 
phatase-anti alkaline phosphatase (APAAP) procedure, whereas 
the p53 CM-1 antibody was assessed under a modified avidin-bio- 
tin peroxidase complex (ABC) technique. In brief, the procedures 
were as follows: in the modified APAAP method tissue sections 
were deparaffinized and rehydrated in TRIS-sodium chloride 
(NaC1) buffer (0.1% TRIS and 1% NaC1, Merck, pH 7.4), fol- 
lowed by exposure of sections to 3% bovine serum albumin (BSA, 
Sigma), in TRIS-NaC1 buffer with 1% normal rabbit serum (Dako) 
for 1 h at room temperature and incubation with primary antisera 
for 3 h at the working dilutions indicated. Rabbit anti-mouse 
immunoglobuliu (Dako; 1:30) and APAAP mouse monoclonal an- 
tibody (Dako; 1:50) were applied for 45 min each. The AP reac- 
tion was run for 20 rain in new fuchsin substrate solution, and the 
reaction was stopped by rinsing sections in cold tap water. 

In the modified ABC method preincubation in 3% BSA in 
Tris-buffered saline (TBS) buffer (0.13 mM NaC1, 7 mM disodium 
hydrogen phosphate and 3 mM sodium dihydrogen phosphate with 
1% normal swine serum (Dako) for 1 h was followed by incuba- 
tion with CM-1 in TBS-physiogel-NaN 3 (TPA) buffer (10% 
physiogel and 0.1% sodium in TBS, pH 7.4) for 1 h followed by 
exposure to biotinylated swine anti-rabbit immunoglobulin (Dako; 
1:200) in TPA with 25% normal human serum and AB horseradish 
peroxidase complex (Dako; 1:20) for 30 min. Phosphate buffered 
saline buffer was used for triple washing after each incubation 
step. Diaminobenzidine substrate reaction was developed for 8 
min and stopped by rinsing sections in cold tap water. 

All incubations were performed in a humidified environment at 
room temperature. Finally, sections were counter-stained with hae- 
matoxylin (Merck) and mounted with Aquadex (Merck). For nega- 
tive control sections, primary antisera were substituted with nor- 
mal mouse or rabbit serum (Dako) at a protein concentration of 
0.06 mg/ml, and all other steps were carried out with these prepa- 
rations. As a positive control, three cases of HCC strongly ex- 
pressing oncoprotein and PCNA were processed in parallel to each 
working step. 

Regenerating hepatocytes in cirrhotic nodules and dysplastic 
hepatocytes were first classified into four groups on the basis of 
morphologic features in comparison with normal hepatocytes [64]. 
Based on haematoxylin as eosin-stained sections, the following 
working formulation was used: Simple regenerating liver cells/he- 
patocytes (SRLC) are hepatocytes which are smaller than normal 
hepatocytes (NLC), however with apparently normal nuclear size. 
The main difference between SRLC and NLC is the tendency of the 
former to form small foci or clusters with nuclear crowding within 
cirrhotic nodules, where they usually occur in peripheral parts. 

Large liver cell dysplasia with nuclear hypochromasia 
(LLCDo) are large hepatocytes with a large nucleus and one or sev- 
eral prominent nucleoli [1], frequently showing an abundant, eosino- 
philic or clear cytoplasm. LLCDo usually occur in clusters and occu- 
py a part of a cirrhotic nodule, but may form entire nodules as well. 

Large liver cell dysplasia with nuclear hyperchromasia 
(LLCDe) describes cells which have some features in common 
with LLCDo, but they usually exhibit markedly hyperchromatic or 
even polymorphous nuclei. Mean nuclear diameter as determined 
by karyometry (see below) is 13.5 gm in comparison with 14.5 
gm for LLCDo. Similar to LLCDo, LLCDe may form clusters of 
cells of entire nodules. 

Finally, small liver cell dysplasia (SLCD; [62]) defines cells 
which when compared with LLCD cells, have a cell and nuclear 
size distinctly smaller (mean nuclear diameter: 10.1 gm). In con- 
trast to SRLC, the cytoplasm is basophilic and the nuclei are 
hyperchromatic and may show atypia. Cells of SLCD in most in- 
stances locate in peripheral parts of cirrhotic nodules, 
where they form clusters or small foci, as previously reported [62], 
but they may also form entire nodules. 

In order to better define these types of LCD, karyometry was 
performed. Our method is described in detail in a previous report 
[64]. Three parameters, nuclear area (NA), nucleic acid content 
(NAC), and nucleic acid density (NAD) were estimated. NA as de- 
fined here is the estimated projected area of a nuclear slice repre- 
sented in a section of 5 gm thickness. NAC is the microphotomet- 
rically determined amount of Feulgen-positive material within 
such a nuclear slice. NAD represents the calculated ratio 
NAC/NA. A total of 2762 cells (2417 hepatocytes and 345 lym- 
phocytes used as controls) were analysed for the 130 cases using a 
scanning microspectrophotometer [64]. 

HCCs were classified according to published criteria [18, 39]. 
Grading was performed following guidelines previously reported 
[13]. 

The PC 10 monoclonal mouse anti-PCNA antibody (Dako; Ta- 
ble 1) was used and has been shown to stain biopsies more reliably 
than 19A2 [19]. The tissue samples had been fixed in formalin for 
less than 30 h which is of importance because, besides other fac- 
tors [10], the duration of fixation may affect the accessibility of 
PCNA/cyclin [19]. With the APAAP method used, nuclei that had 
reacted were stained either pink or brightly red. Thus, even though 
immunoreactivity was sharply defined (nuclear staining only), its 
intensity was not uniform, as previously reported [31]. Therefore, 
nucleated hepatocytes and HCC cells were considered positive for 
PCNA only if a distinctly red staining of the nucleus was identi- 
fied. PCNA labelling was scored using a × 40 objective and a x 10 
eyepiece, and sections were scanned to identify areas that were 
most evenly labelled, but within these zones areas to be analysed 
were randomly chosen. The extent of PCNA positivity was evalu- 
ated by determining N-pos/1000 nuclei (permille), and this value 
was used as a PCNA labelling index. (SRLC and LCD only) [30]. 

For each of the five anti-p53 antibodies used, immunoreactivi- 
ty was registered as either positive or negative, based on the pres- 
ence or absence of clearly red or brown reaction product for the 
APAAP and ABC assays, respectively. In addition to nuclear 
staining, reaction product was assessed in cytoplasm and at the 
cell surface. 

Values are indicated as mean+ SD. For group comparisons, 
Pearson's Chi-square test (McNemar symmetry and Yates correct- 
ed) and Fisher's two-tailed test were employed. 

Table 1 Antisera used in this 
study (WT wildtype, PCNA 
proliferating cell nuclear anti- 
gen) 

Antibody Dilution Source Specificity 

CM-1 1:200 Medac Diagnostika Recombinant WT p53 
PAb- 1801 1:20 Oncogene Sciences Amino acids 32-79 
PAb-240 1:10 Oncogene Sciences Amino acids 156-335 
PAb-421 1:5 Oncogene Sciences Amino acids 370-378 
DO-7 1:100 Dako Amino acids 35-45 
PCNA (PC 10) 1:50 Dako 36 kDa cyclin 



Results 

As seen in Table 2, 47.6% of HCCs examined showed 
nuclear immunoreactivity for PCNA. Nuclear PCNA 
staining mostly involved numerous tumour cells, but 
with considerable regional differences, as previously 
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demonstrated [41]. Due to this phenomenon, we did 
not attempt to determine PCNA labelling indices in 
HCCs. 

Immunoreactivity for p53 protein in HCCs was pre- 
dominantly nuclear (Fig. 1A, B) but, depending on the 
antibody used, cytoplasmic or peripheral cell membrane 

Fig. 1 A Hepatocellular carcinoma, mixed trabecular and acinar 
type, grade 2. p53 protein immunoreactivity is seen as a strong 
staining of nuclei in most neoplastic cells [CM-1 antibody; avidin- 
biotin peroxidase complex (ABC) method, x 250]. B Hepatocellu- 
lar carcinoma tissue is localized within a portal vein branch. 
Whereas most of tumour cell nuclei are p53 protein positive, nor- 
mal hepatocytes are negative (CM-1 antibody; ABC method, x 
150) 

Fig. 2 A Part of a cirrhotic nodule showing one small liver cell 
dysplasia (SLCD cell; arrow) exhibiting nuclear p53 protein 
staining. No nuclear immunostaining is observed in large liver 
cell dysplasia (LLCD) cells (CM-t antibody; ABC method, x 
250). B Cells containing p53 protein-positive nuclei in this area 
are classified as simple regenerating liver cells (SRLC; arrows) or 
SLCD (arrowheads; CM-I antibody; ABC method, x 250) 
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Table  2 His topathology and immunohis tochemis t ry  of  hepatocel-  
lular carc inomas (HCCs; HCC type: T, trabecular (sinusoidal) ty- 
pe;  P,  pseudoglandular  (acinar) type; C, compact  (solid) type; Sc, 

scirrhous (sclerosing) type; F, fatty HCC. Staining pattern: N, 
nuclear  staining; C, cytoplasmic staining; M, membrane  staining) 

Case  His topathology Immunohis tochemis t ry  (+ or - / s ta in ing  pattern) 

Type Grade a PCNA CM-1 PAb- PAb- PAb- DO-7 
1801 240 421 

1 T Sc 1 2 . . . . . .  
2 P P 2 +/N . . . . .  
3 F 4 . . . . . .  
4 T P 2 3 +/N +/N +/N - - +/N 
5 T P Sc 1 2 +/N +/N +/M +/CM +/CM +/CM 

T 3 4 +/N +/N +/C - - - 
P C Sa 3 4 +/N +/N . . . .  

C 2 +/N +/N +/C - - - 
Sa 4 +/N +/N +/C - - - 

T 2 +/N +/N +/C - - - 
T Sc 1 2 +/N +/N +/C - - - 

P 2 3 +/N +/N +/NC - - - 
P 3 +/N - +/C - - - 

C 2 3 . . . . . .  
T 3 4 +/N - +/C +/C - - 
T 3 +/N - +/C - - - 
T 2 +/N +/N +/N - - - 
T Sc 3 4 +/N +/N . . . .  
T 4 +/N +/N +/C - - - 

C 2 3 +/N +/N +/N +/N - - 
Sc F 4 +/N - +/C - - - 

T 3 +/N +/N +/C - - - 
T C 2 3 +/N . . . . .  
T 2 +/N +/N +/C - - - 
T 2 +/N +/N +/N - - - 
T 2 +/N . . . . .  
T 2 +/N +/N +/C - - - 
T 2 3 +/N +/N . . . .  

P 2 3 +/N +/N +/NC +/CM +/C +/C 
C Sa 4 +/N +/N +/NC - - - 

T 4 . . . . . .  
P Sa 4 +/N +/N +/N - - - 

T 3 4 +/N - - +/IV[ +I'M - 
T 2 3 +/N +/N +/N - - - 
T C 2 3 . . . . . .  
T 3 +/N - +/C - - - 
T 2 +/N +/N +/NC +/C + /CM +/C 
24 8 7 5 2 4 3 21 18 12 32/37 23 25 6 4 4 
64.86 21.62 18.92 13.51 5.41 10.81 8.11 56.76 48.65 32.43 86.49 b 62.16 67.57 16.22 10.81 10.81 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Total 
% 

a Grades 1-4 according to E d m o n d s o n  and Steiner 
b The total PCNA-posi t iv i ty  of  tumour  cells is 47.6%, and the PCNA-posi t iv i ty  of  cases is 86.49 

Table  3 Karyometr ic  features of  dysplast ic  vs hyperplast ic  hepa- 
tocytes [LCD liver cell dysplasia;  SRLC simple regenerat ing liver 
cel ls /hepatocytes;  LLCDo large liver cell  dysplasia  with nuclear  
hypochromasia ;  LLCDe large liver cell dysplasia  with nuclear  hy- 
perchromasia;  SLCD small  liver cell dysplasia;  NA nuclear  area 
(gm2); NAC nucleic acid content  (arbitrary units); NAD nucleic 
acid densi ty (ratio NAC/NA)]  

Cell type (n) NA a NAC a NAD a 

SRLC (492) 46.79_+ 10.21 25.49_+ 6.81 0.54_+0.07 
L L C D o  (477) 164.73+ 58.62 88.48_+ 34.61 0.53_+0.07 
LLCDe  (438) 142.07+ 45.51 86.88_+ 27.94 0.61+ 0.11 
SLCD (1010) 79.25_+ 36.39 85.18+ 39.76 1.07_+ 0.12 
Lymphocytes  (345) 20.15_+ 4.01 15.17_+ 03.09 0.76_+ 0.12 
(control) 

a Mean_+ SDM 

s t a i n i n g  w a s  a l s o  o b s e r v e d .  O v e r a l l  p o s i t i v i t y  f o r  p 5 3  (a l l  

f i v e  a n t i b o d i e s  i n c l u d e d )  w a s  7 8 . 3 % ,  b u t  t h e r e  w e r e  c o n -  

s i d e r a b l e  d i f f e r e n c e s  f r o m  o n e  a n t i b o d y  to  t h e  o t h e r  (Ta-  

b l e  2).  T h e  h i g h e s t  y i e l d  w a s  o b t a i n e d  w i t h  a n t i b o d y  

P A b - 1 8 0 1  ( 6 7 . 5 % ) ,  f o l l o w e d  b y  C M - 1  ( 6 2 . 1 % ) ,  P A b - 2 4 0  

( 1 6 . 2 % ) ,  P A b - 4 2 1  ( 1 0 . 8 % ) ,  a n d  D O - 7  ( 1 0 . 8 % ) .  T h e  

m a i n  l o c a l i z a t i o n  o f  r e a c t i o n  p r o d u c t  v a r i e d  a m o n g  t h e  

f i v e  a n t i b o d i e s ;  a s s a y s  w i t h  C M - 1  r e s u l t e d  in  a n  e x c l u -  

s i v e l y  n u c l e a r  s t a i n i n g ,  w h e r e a s  t e s t i n g  w i t h  t h e  o t h e r  

f o u r  a n t i b o d i e s  d i s c l o s e d  c o n s i d e r a b l e  h e t e r o g e n e i t y  (Ta-  

b l e 2 ) .  W i t h  P A b - 1 8 0 1 ,  1 8 / 2 5  c a s e s  h a d  c y t o p l a s m i c ,  

1 0 / 2 5  b o t h  n u c l e a r  a n d  c y t o p l a s m i c ,  a n d  1 /25  m e m b r a n e  

s t a i n i n g .  W i t h  P A b - 2 4 0 ,  o n l y  o n e  o f  s ix  c a s e s  s h o w e d  

n u c l e a r  s t a i n i n g ,  a n d  n o  n u c l e a r  s t a i n i n g  w a s  n o t e d  w i t h  
b o t h  P A b - 4 2 1  a n d  D O - 7 ,  t h e  l a t t e r  t w o ,  h o w e v e r ,  d e m o n -  
s t r a t i n g  c y t o p l a s m i c  a n d  m e m b r a n e  s t a i n i n g .  
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There was no relationship between positive immuno- 
reactivity for p53 protein and WHO types of HCC, and 
reactivity with one or more antibodies was also detected 
with HCCs showing a strong development of stroma or 
exhibiting sarcomatoid features (Table 2). In contrast, 
one out the two HCCs with important macrovesicular 
fatty change (fatty HCCs) was p53-negative, the other 
case reacting with one antibody only (PAb 1801; cyto- 
plasmic staining). 

The majority of HCCs contained components corre- 
sponding to grades 2 and 3 according to the Edmondson- 
Steiner grading system (56.7% and 48.6%, respectively), 
whereas components with grade 4 or grade 1 amounted 
to 32.4% and 8.1%. No relationship between tumour gra- 
de and p53 protein immunoreactivity was observed. 

Immunoreactivity for PCNA and p53 protein in NLC, 
SRLC, and LCD was analysed separately for the two 
groups with or without associated HCC. Karyometric da- 
ta for SRLC and LCD are compiled in Table 3. 

In the group with HCC, morphologically "normal" 
NLC had an overall PCNA labelling of 3.0%. As shown 
in a previous study [64], SRLC exhibited a labelling 
which was higher than that for NLC and LCD (6.4%, Ta- 
ble 4). For the three types of LCD (Table 3), PCNA var- 
ied considerably, the small cells of SLCD showing the 
highest labelling (4.5%), whereas both types of large cell 
dysplasia (LLCDo and LLCDe) had definitely lower la- 
belling, that of LLCDo being about eight times lower 
than that of NLC (Table 4). 

For SRLC, 8/37 cases showed p53 protein staining 
with the CM-1 antibody, and 2/37 with the PAb 1801 an- 
tibody, mostly in a nuclear pattern (overall positivity: 
27%, Fig. 2). For the group of LCDs, only SLCD dis- 
closed immunoreactivity (5/37 with the CM-1 antibody, 
2/37 with the PAb 1801 antibody; overall positivity: 
18.9%; Table 4; Fig. 2). No p53 protein immunoreactivi- 
ty was observed with NLC and LLCD (Fig. 3), and no 
reactivity was noted when using the PAb 240, PAb 421, 
and DO-7 antibodies. 

The corresponding data for the group of cases not as- 
sociated with HCC are shown in Table 4. With respect to 
PCNA immunostaining, a similar overall pattern ensued, 
however with quantitative differences. Whereas PCNA 
labelling for NLC was similar to the group with HCC 
(3.1%), values for SRLC and LCD were somewhat high- 
er, but again LLCD exhibiting the lowest values. In con- 
trast with the group with HCCs, p53 protein staining in 
the group without HCC yielded higher values for both, 
SRLC and SLCD. By use of CM-1, 43.9% of SRLC and 
33.3% of SLCD nuclei were positive, respectively, and 

Fig. 3 A Cirrhotic nodule with a mixture of normal liver cells and 
SRLC. Some nuclei are p53 protein-positive. Note that reaction 
product is also visualized at the canalicular surface of some cells 
(arrow; CM-1 antibody; ABC method, × 250). B Area showing 
SLCD and SRLC cells. In a few binuclear hepatocytes, both nu- 
clei are p53 protein-positive. (CM-1 antibody; ABC method, x 
250). C Area with several dysplastic hepatocytes of the LLCD ty- 
pe, showing no p53 protein immunostaining (CM-1 antibody; 
ABC method, x 250) 
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Table 4 PCNA and p53 protein staining of normal liver cell (NLC), SRLC and LCD in cirrhosis with or without HCC 

Cell PCNA CM-I PAb-1801 PAb-240 PAb-421 DO-7 Total 
type positivity 

A) Cirrhosis associated with HCC: 14/37 (37.8%) 
NLC 3.00%o 0 0 0 0 0 
SRLC 6.4%o 8/37* 2/37*** 0 0 0 
SLCD 4.5%0 5/37** 2/37*** 0 0 0 
LLCDo 0.4%o 0 0 0 0 0 
LLCDe 1.6%o 0 0 0 0 0 
B) Cirrhosis not associated with HCC: 42/66 (64~6%) 
NLC 3.1%o 0 0 0 0 0 
SRLC 8.3%o 29/66* 3/66*** 0 2/66 0 
SLCD 5.5%o 22/66** 4/66*** 0 0 0 
LLCDo 1.7%o 0 0 0 0 0 
LLCDe 0.7%o 0 0 0 0 0 

* P<0.05 (A vs B) ** P<0.05 (A vs B) *** Not significant (A vs B) 

for all antibodies used, overall positivities for SRLC and 
SLCD were 51.5% and 39.4%, respectively. For CM-1, 
but not for PAb-1801, staining yields in the groups with 
or without HCC were significantly different for both, 
SRLC and SLCD (Table 4). In some hepatocytes, p53 
protein immunoreactivity was observed at the canalicular 
surface, but only when using the CM-1 antibody (Fig. 
3A). 

Discussion 

In HCCs collected in a distinct area of Northern China, 
overall p53 protein staining amounted to 78.4%. When 
positive cases were, however, broken down with respect 
to antibodies used, it turned out that the prevalence of 
immunoreactivity differed significantly among the five 
antibodies. The highest positive yield was obtained with 
antibody PAb-1801 (67.5%), which recognizes a dena- 
turation-resistant epitope in human p53 protein located 
between amino acids 32 and 79 [2]. This finding is in 
contrast with a previous study where only 15% of HCCs 
reacted with this antibody tested in a group of white pa- 
tients of predominantly French origin [39]. A similarly 
high prevalence (62.1%) was noted when using antibody 
CM-1 raised against recombinant human WT p53 protein 
[3, 35]. This value found in Northern Chinese patients is 
almost the same as that observed in a previously pub- 
lished series of patients from China (61%) [24], but 
higher than that obtained with HCCs from Britain (1/19 
cases) [7] and from North America (20/47 cases) [29]. A 
higher detection rate of p53 protein in HCCs of Orientals 
has also been demonstrated by use of another antibody 
(BP53-12) [8]. These findings illustrate the significance 
of regional differences in the prevalence of positive im- 
munostaining, and are further underlined by the observa- 
tion that the yield of positive results by use of CM-1 may 
even differ for two regions within the United states, be- 
ing 30% for National Institutes of Health (NIH) patients 
and 60% for patients from Hawaii [24]. 

In contrast to both PAb-1801 and CM-1 antibodies, a 
significantly smaller prevalence of immunoreactivity was 

noted with the remaining three antibodies used in this 
study. With PAb-240, which recognizes an epitope locat- 
ed between amino acids 156 and 335 of p53 protein [16], 
PAb-421 (residues 370 to 378) [2, 60] and DO-7 (resi- 
dues 35 to 45) [58], positive immunoreactivity amounted 
to 16.2%, 10.8%, and 10.8%, respectively. Taken togeth- 
er the results suggest that, even for a region with HBV 
and/or aflatoxin B 1 as risk factors and a presumably high 
mutation rate of the p53 gene in HCCs [5, 20, 25, 46], 
positive immunostaining for a mutated gene product may 
strongly depend on the type of antibody used. 

The staining results obtained with the five antibodies 
did, however, not only differ with respect to the overall 
yield of immunoreactivity, but also to the localization of 
reaction product in the neoplastic cells. Even though the 
p53 gene product is a nuclear protein [12, 45], in HCCs 
only assays using CM-1 antibody resulted in an exclu- 
sively nuclear localization of reaction product, whereas 
PAb-1801 and PAb-240 exhibited nuclear and extranu- 
clear staining, and no nuclear staining was obtained with 
PAb-421 and DO-7. In contrast, testing of CM-1 in non- 
neoplastic hepatocytes resulted, in some cells, in staining 
of the canalicular surface. Differential expression of p53 
protein in either the nuclei, the cytoplasm, or the cell 
membrane may well reflect a relevant phenomenon, be- 
cause the regulation of p53 tumour suppressor activity 
may be influenced by altering its subcellular location 
[63]. Previously, elevated levels of p53 were detected in 
the cytoplasm of inflammatory breast carcinoma cells 
and of normal lactating breast cells [36]. The mechanism 
for the exclusion of p53 protein from the nucleus, or al- 
ternatively, its retention in cytoplasm or at the cell mem- 
brane level, has not yet been determined [63]. 

In the present series of HCCs, prevalence and cellular 
localization of p53 protein immunoreactivity were not 
related to tumour type or grade. It appears that a broad 
array of morphological patterns occurring in HCCs may 
be associated with p53 protein immunoreactivity, with 
the notable exception that the two cases of fatty HCC ex- 
hibited the least staining. 

LCD was originally detected in the liver of HBsAg- 
positive Ugandan patients and emphasized as a preneo- 



plastic change [1], but several other studies arrived at 
controversial interpretations with respect to its biological 
significance [64]. More recent immunohistochemical and 
morphometrical findings suggest, however, that LCD 
similar to atypical adenomatous hyperplasia or border- 
line lesions of the liver [14] may represent a cell popula- 
tion prone to neoplastic evolution [for review, see [64]). 
Foci of LCD may coexist with HCC in other parts of the 
liver [15, 38], but its prevalence may differ as a function 
of the subtype of LCD involved, only SLCD and LLCDo 
being more frequently observed in cirrhosis associated 
with HCC [47, 64]. Subtypes of LCD can be distin- 
guished objectively by the use of karyometry, as shown 
in the present and previous studies [64], and by micro- 
spectrophotometry [34, 64]. Using a correlative karyo- 
metric analysis we have shown that the highest degree of 
similarity occurred between LLCDe and HCC of high 
differentiation followed by the pair, SLCD and HCC of 
low differentiation, suggesting that poorly differentiated 
HCCs reflect a karyometric pattern very similar to that 
of SLCD [64]. We now show that LCD, but only SLCD 
can express p53 protein. This finding has not been previ- 
ously reported. Immunoreactivity was only found when 
using the antibodies, CM-1 and PAb-1801. Positivity 
yields differed significantly between the cirrhosis group 
with or without HCC, amounting to 18.9% in the former 
and to 39.4% in the latter. In both groups, SLCD cells al- 
so exhibited the highest PCNA labelling among the three 
subtypes of LCD, but being lower than that of SRLC. 
Immunoreactivity for p53 protein has been observed in 
situations where epithelial dysplasia is still better de- 
fined; in bronchial dysplasia [43], in dysplasia of the up- 
per aerodigestive tract [9], in gastric epithelial dysplasia 
[48], in human oesophageal precancerous lesions [61], in 
colorectal adenomas [27], and in epithelial dysplasias of 
the gallbladder [28]. It thus appears that overexpression 
of p53 occurs in several dyplastic cell populations in- 
cluding SLCD cells of the liver. However, in experimen- 
tal rat hepatocarcinogenesis, p53 increases predominant- 
ly in oval cells, and not in dysplastic hepatocytes [4] but 
in chimpanzees harboring HCCs, microscopic foci of he- 
patocytes in the nontumorous part of the liver were 
found to stain for the p53 protein [51]. 

The higher PCNA labelling of SLCD cells is of inter- 
est in the light of the finding that DNA synthetic potency 
in noncancerous cirrhotic tissue from patients with liver 
cirrhosis complicated by HCC was significantly higher 
than that in cirrhotic livers not associated with HCC, sug- 
gesting that HCC may develop in cirrhotic patients with 
high DNA synthesis rate [52]. Moreover, flow cytome- 
tric analyses have shown that DNA anomalies are 
more frequent in LCD of high grade than in low grade 
[55]. p53 overexpression in HCC appears to be correlated 
with proliferative activity [21], and higher PCNA la- 
belling may be linked to expression of mutant p53 pro- 
tein. 

The finding that cells not fulfilling the morphologic 
and karyometric criteria for LCD (SRLC cells) are 
immunoreactive for p53 protein is intriguing. Hyperpla- 
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sia of karyometrically identified small hepatocytes with- 
out nuclear atypia in cirrhotic livers with HCC has been 
demonstrated previously [54]. SRLC cells exhibited the 
highest PCNA labelling, but still clearly below 5%, and 
much lower than in HCCs [30]. The yield of p53 im- 
munostaining of SRLC cells was, like that of SLCD, 
higher in the non-HCC group. Even though we cannot 
exclude some overlap in the morphological and karyo- 
metric assessment of SRLC vs SLCD, we believe that 
the majority of SRLC cells represents a distinct cell pop- 
ulation. The finding of p53 immunoreactivity in regener- 
ating liver cells has also been obtained in experimental 
liver regeneration in the rat. When growth is stimulated 
in the normally quiescent rat liver by partial hepatec- 
tomy, steady state levels of mRNAs for c-fos, c-myc and 
p53 increase sequentially during the prereplicative phase, 
suggesting that a transient expression of protooncogenes 
occurs in liver regeneration [56]. A similar phenomenon 
may ensue in replicating cells forming cirrhotic nodules 
in the human liver. The reason why p53 is detectable by 
use of immunohistochemistry is not clear, because 
WTp53 protein should not be visualized due to its short 
life-time. However, even in tumours where the gene is 
not mutated, altered levels of p53 protein can be detected 
[59]. One might, therefore, theorize that the population 
of cells defined as SRLC may in some way be related to 
dysplastic hepatocytes. 
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