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Apoptosis in human hepatocellular carcinoma and
in liver cell dysplasia is correlated with p53
protein immunoreactivity

M Zhao, A Zimmermann

Abstract
Aims-To investigate the prevalence of
apoptosis in human hepatocellular carci-
nomas (HCC) of different types and
grades and in liver cell dysplasia, and to
test whether the apoptotic rate is corre-

lated with the p53 protein status.
Methods-37 HCC and 66 six liver sam-

ples with liver cell dysplasia were analysed
for apoptosis using in situ DNA end label-
ling (ISEL), and for p53 protein expres-

sion by immunohistochemistry. In HCCs,
proliferative activity was quantitatively
assessed using proliferating cell nuclear
antigen labelling.
Results-The apoptotic index in HCC as

based on ISEL ranged from 0.1 to 13.5 per
1000 cells analysed and was not related to
type or grade. No nuclear staining was

observed in multinuclear tumour cells.
There was a significant correlation bet-
ween the apoptotic rate and both the pro-

liferative activity and p53 protein
reactivity. In liver samples containing p53
protein positive liver cell dysplasia cells,
there was a significantly higher apoptotic
rate of these cells.
Conclusions-Apoptosis is detectable in
HCC, and is not related to type and grade.
There is a highly significant positive
correlation between the apoptotic rate in
HCC and both the proliferative activity
and p53 protein expression. A similar
phenomenon occurs for putative cancer

precursors. The findings support the role
of p53 in regulating apoptosis in preneo-
plastic and neoplastic liver lesions.
(J Clin Pathol 1997;50:394-400)
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As in many renewing normal tissues and in
neoplastic disorders, growth of hepatocellular
carcinoma (HCC) is determined by the differ-
ence between cell proliferation and cell death.
Among factors operational in tissue cell loss,
apoptosis-as a form of programmed cell
death-holds a particularly important place.
Apoptosis is genetically programmed and is
now recognised as a widespread phenomenon
that counterbalances proliferation to preserve
tissue homeostasis. Whereas mitotic figures in
tumours are easily detectable, assessment of
apoptotic cells in tissue sections using cyto-
morphological criteria is difficult, because of

the frequently disrupted architecture in tu-
mours and the presence of several different cell
types. Furthermore, the detection and quanti-
fication of apoptosis is hampered by the fact
that cell shrinkage, nuclear condensation, and
chromatin fragmentation usually occur only
during advanced stages of the process, and the
half life of frankly apoptotic cells in tissues is
thought to be in the region of several hours at
most.' The reproducible identification of apop-
totic cells in malignant tumours of the liver is
important in so far as programmed cell death
also occurs in later stages of carcinoma
development.2 There is evidence that apoptosis
does not occur at random in the liver. During
regression of hyperplasia, non-proliferating
hepatocytes seem to be preferred for apoptosis,
and cells in putative preneoplastic foci of rat
liver show a much higher rate of apoptosis than
normal hepatocytes.3`6 Furthermore, after ini-
tiation in the liver, many initiated cells may

undergo apoptosis and never develop into pre-

neoplastic foci, so that apoptosis appears to
determine the efficiency of initiation; early pre-
neoplastic foci in the promotion stage also
show enhanced states of apoptosis.6 Based on

these earlier observations and the difficulties
arising from the employment of conventional
methods only, it is necessary to identify
apoptotic cells in an early stage of this active
pathway.8 One method of achieving this is the
use of in situ DNA end labelling,9 '" which
exploits the presence ofDNA breaks that occur
in cells undergoing apoptosis. The in situ DNA
nick end labelling method (ISEL) has previ-
ously been employed for studying liver disease,
for instance allograft rejection and end stage
liver disease," and for the assessment of apop-
tosis in HCC.'2 In the present retrospective

Abbreviations
HCC-hepatocellular carcinoma
ISEL-in situ DNA nick end labelling
LI-labelling index
LLCDo-large liver cell dysplasia with
nuclear hypochromasia
LLCDe-large liver cell dysplasia with
nuclear hyperchromasia
PCNA-proliferating cell nuclear antigen
SLCD-small liver cell dysplasia
SRLC-simple regenerating liver cells/
hepatocytes
TdT-terminal deoxynucleotidyl trans-
ferase
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Apoptosis in hepatocellular carcinoma

study, we systematically studied the apoptotic
rate in HCC of different types and grades and
in liver cell dysplasia by use of ISEL. We also
analysed the correlation of the apoptotic rate in
HCC with their proliferative status and their
p53 protein immunoreactivity.

Methods
MATERIAL FOR HISTOLOGY
Biopsy and operation specimens from 37 Chi-
nese patients with cirrhosis and HCC, and
from 66 Chinese patients with cirrhosis but
without HCC were retrospectively analysed.
The selection criterion for these cases was the
presence of liver cell dysplasia within cirrhotic
nodules, and this was identified in a set of 1748
liver biopsies observed between 1957 and 1988
in a Chinese centre. The material analysed did
not contain nodules of atypical adenomatous
hyperplasia.'3 Biopsies ofhuman tonsils, and of
livers showing no relevant histological change
(staging biopsies without evidence of malig-
nant disease), obtained from 13 patients cover-
ing a similar age range served as normal
controls.

Tissue samples were fixed in 10% formalde-
hyde solution, dehydrated, and embedded in
paraffin. Formalin fixation before embedding
was less than 30 hours throughout, which is
important for ISEL staining. Sections were
stained with haematoxylin and eosin.

HISTOLOGICAL CLASSIFICATION OF HCC AND
LIVER CELL DYSPLASIA
HCC were classified according to published
criteria.'4 '5 Grading of HCC was performed
following guidelines previously reported.'6 As a
working formulation, dysplastic and regenerat-
ing hepatocytes were classified into four groups
on the basis of morphological features in com-
parison with normal hepatocytes. Four classes
of lesion were distinguished: simple regenerat-
ing liver cells/hepatocytes (SRLC); large liver
cell dysplasia with nuclear hypochromasia
(LLCDo); large liver cell dysplasia with
nuclear hyperchromasia (LLCDe); and small
liver cell dysplasia (SLCD). Identification and
detection of these lesion groups were per-
formed according to previously published
criteria" ":
SRLC are hepatocytes which are smaller

than normal hepatocytes, but with apparently
normal nuclear size. The main difference
between SRLC and normal hepatocytes is the
tendency of the former to form small foci or
clusters with nuclear crowding within cirrhotic
nodules, where they usually occur in the
periphery.
LLCDo are large hepatocytes with a large

nucleus and one or several prominent nucleoli,
frequently showing an abundant eosinophilic
or clear cytoplasm. LLCDo usually occur in
clusters and occupy a part of a cirrhotic
nodule, but may form entire nodules as well.
LLCDe are cells which have some features in

common with LLCDo, but they usually show
markedly hyperchromatic or even polymor-
phous nuclei. Like LLCDo, LLCDe may form
clusters of cells of entire nodules.

SLCD are cells which, when compared with
LLCD cells, have a distinctly smaller cell and
nuclear size. In contrast to SRLC, the cyto-
plasm is basophilic and the nuclei are hyper-
chromatic and may show atypia. Cells of
SLCD are in most instances located in periph-
eral parts of cirrhotic nodules, where they form
clusters or small foci, as previously reported,'8
but they may also form entire nodules.

IMMUNOHISTOCHEMISTRY
Proliferating cell nuclear antigen (PCNA)
immunostaining'9-22 was performed using the
APAAP procedure. Tissue sections were depar-
affinised and rehydrated (Tris-NaCl buffer:
0.1% Tris and 1% NaCl, pH 7.4, Merck). The
sections were then exposed to 3% bovine
serum albumin (BSA; Merck) in Tris-NaCl
buffer with 0.1 ml/ml normal horse serum and
0.1% NaN3 for 45 minutes at room tempera-
ture. Afterwards, the preparations were incu-
bated with a primary mouse monoclonal
antibody directed against PCNA (Dako-
PCNA, PC 10) for one hour. A dilution of 1:50
in Tris-NaCl buffer containing 0.1% NaN3 was
used. Rabbit antimouse immunoglobulin
(Dako) at a dilution of 1:30 and APAAP mouse
monoclonal antibody (Dako) at a dilution of
1:50 were applied for 45 minutes each. Follow-
ing the respective incubations, the sections
were rinsed three times in Tris-NaCl buffer. All
incubations were performed in a humidified
environment at room temperature. The alka-
line phosphatase reaction was run for 20 min-
utes in New Fuchsin substrate solution, and
the reaction was stopped by rinsing the sections
in cold tap water. Finally, the sections were
counterstained with haematoxylin (Merck) and
mounted with Aquadex (Merck). The primary
antibody was substituted with normal mouse
serum (Dako) in protein concentration of
0.06 mg/ml Tris-NaCl buffer for negative con-
trol sections, and all other steps were per-
formed for these preparations. As a positive
control an HCC preparation strongly express-
ing PCNA was processed in parallel to each
incubation step.

For p53 immunohistochemistry, the following
antibodies were employed: CM-I (Medac Diag-
nostica, dilution 1:200); PAb-1801 (Oncogene
Sciences, dilution 1:20); PAb-240 (Oncogene
Sciences, dilution 1:10); and PAb-421 (Onco-
gene Sciences, dilution 1:5); DO-7 (Dako
dilution 1:100). Antibody CM-1 is raised
against recombinant human wild-type p53
protein; antibody PAb-1 801 recognises a dena-
turation resistant epitope in human p53
protein located between amino acid residues
32 and 79, PAb-240 recognises an epitope
localised between amino acids 156 and 335,
PAb-421 recognises an epitope between amino
acids 370 to 378, and DO-7 recognises an
epitope between amino acids 35 to 45.18 For
PAb-1801, PAb-240, PAb-421, and DO-7,
immunostaining was performed using a modi-
fied APAAP procedure as given above for
PCNA, whereas the p53 CM-1 antibody was
assessed by use of a modified avidin-biotin
complex (ABC) technique, as previously des-
cribed in a p53 study performed by our group. "8
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IN SITU DNA END LABELLING (ISEL)
For the in situ visualisation of apoptotic cells,
ISEL was used according to a previously pub-
lished method.9

Paraffin sections (4 gm thick) were affixed to
Super Frost/plastic slides (Menzel-Glaser,
Germany). Deparaffination was performed by
heating the sections for four hours at 58°C.
Hydration was executed by transfering the
slides through the following solutions: twice in
xylene bath for 10 minutes each, twice in 100%
ethanol for five minutes each, and then for
three minutes in 96%, 70%, and 35% ethanol,
and three times in double distilled water. Fresh
solvents were used in each case, as even traces
of impurities may interfere with the reactions.
The prepared paraffin sections were then
digested by incubation with 5 jg/ml proteinase
K (Sigma) for 20 minutes at room tempera-
ture, and washed three times in double distilled
water for five minutes each. Peroxidase and
DNAses were inactivated by incubating the
sections in 2% H202 for five minutes at room
temperature. Afterwards, sections were rinsed
with double distilled water three times. The
TdT (terminal deoxynucleotidyl transferase;
nucleoside-triphosphate: DNA deoxynucleoti-
dyl exotransferase; EC 2.7.7.31) reaction mix
(30 mM Trizma base, pH 7.2, 140 mM so-
dium cacodylate, 1 M cobalt chloride, TdT
enzyme 0.2,M/ml, and digoxygenin conju-
gated or biotinylated dUTP in ENTP buffer;
Boehringer Mannheim, Germany) was added
to cover the sections and then incubated in
humidified atmosphere at 370C for 60 minutes.
The reaction was stopped by transferring the
slides to 2 x SSC buffer for 10 minutes (twice)
and TB buffer (300 mM sodium chloride,
30 mM sodium citrate) for 10 minutes (twice),
and sections were incubated 30 minutes in 1%
blocking reagent (Boehringer Mannheim) at
room temperature, followed by washing in
phosphate buffered saline twice for five min-
utes. Sections were covered with Extra-avidin
alkaline phosphatase (Boehringer Mannheim)
at a dilution of 1:100 with biotinylated-dUTP,
or sheep anti-digoxygenin alkaline phosphatase
FAB fragments (Boehringer Mannheim) at a
dilution of 1:1000 with alkaline phosphatase
conjugated dUTP in the reaction mix for 30
minutes at room temperature. The latter was
followed by a 30 minute incubation with
APAAP complex (Dako) at a dilution of 1:50.
The New Fuchsin substrate solution was used
to visualise the reaction, followed by washing
three times in phosphate buffer. The substrate
reaction was stopped by rinsing the slides in
cold tap water and the sections were finally
counterstained with haematoxylin and
mounted with water soluble mounting medium
(Aquadex, Merck). All TdT tailing reaction
reagents were purchased from Boehringer
Mannheim.

ASSESSMENT OF PROLIFERATION INDEX (BASED
ON PCNA STAINING) AND OF APOPTOTIC RATE

(BASED ON ISEL)
PCNA and TdT reactive nuclei of dysplastic
hepatocytes and HCC cells, respectively, were
counted within the areas of interest. The

number of positive nuclei per 100 nuclei
analysed was used as a PCNA labelling index
(PCNA-LI) and a TdT labelling index (TdT-
LI), respectively. Within HCC, five areas of
interest were randomly chosen. For cirrhotic
nodules containing liver cell dysplasia, five
areas of dysplastic hepatocytes were identified
and, within these subsets, cells to be counted
were randomly chosen. In each area of HCC
and liver cell dysplasia, 1000 cells were
analysed. For normal control biopsies, the
same strategy was employed.

ASSESSMENT OF P53 PROTEIN IMMUNOREACTIVITY
For each of the five anti-p53 protein antibodies
employed, immunoreactivity was recorded as
either positive or negative, based on the
presence or absence of clearly red or brown
reaction product for the APPAP and ABC
assays, respectively. Neoplastic and non-
neoplastic lesions were accepted to be positive
when, within and are of interest, at least 10% of
cells were p53 immunoreactive. Pink or beige/
yellowish reaction products were classified as
negative.

STATISTICAL ANALYSIS
For the statistical analysis of differences in
apoptosis labelling between groups, Kruskal-
Wallis one way and Kolmogorov-Smirnov
analyses were employed. A p value of less than
0.05 was accepted as statistically significant.

Results
HISTOLOGICAL FINDINGS
In table 1, the distribution of types (or
subtypes) and grades for 37 HCC is listed.
Tumours with a trabecular or mixed (that is,
trabecular and pseudoglandular) growth pat-
tern predominated. A compact arrangement of
neoplastic cells was observed in three cases,
and it formed a component in four heterogene-
ous tumours. A strong stroma formation, char-
acteristic for sclerosing variants of HCC, was
seen in five tumours, and four HCC showed
sarcomatoid features, one being of the sarco-
matoid type in its entirety. One HCC was rich
in tumour cells with macrovesicular fatty
change ("fatty HCC"), and a second tumour
was partly comprised of this component. Most
HCC were of grade 2 or 3 according to
Edmondson and Steiner,"6 and highly differen-
tiated components occurred as part of hetero-
geneous tumours only; no fibrolamellar HCC
was present in this material. All HCC with sar-
comatoid features exhibited at least one grade
4 area.
SRLC, LLCDo, LLCDe, and SLCD oc-

curred in cirrhotic livers both with and without
associated HCC, and SRLC and dysplastic
hepatocytes could coexist within a single
cirrhotic nodule. Foci of SRLC, LLCDo,
LLCDe, and SLCD were detected in cirrhotic
livers without HCC with a prevalence of
33.3%, 13.8%, 2.7%, and 22.2%, respectively,
whereas their prevalence in livers with HCC
was 25.7%, 30.3%, 6.0%, and 39.4%.
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Table I Hepatocellular carcinomas (HCC): types, grades,
PCNA-LI, apoptotic rate (TdT-LI), and p53
immunoreactivity

Case

2
3
4
5
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

Type

T+SC
T+P+SC
T+SC
p
C
T
T
T
T
T
T
T
T+P
p
C
C
T+C
T
p
T
T+C
p
T
T
T
T
T
P+C+SA
T
T+SC
F
SA
SC+F
C+SA
T
T
P+SA

Grade

1-2
1-2
1-2
2
2
2
2
2
2
2
2
2
2-3
2-3
2-3
2-3
2-3
2-3
2-3
2-3
2-3
3
3
3
3
3
3-4
3-4
3-4
3-4
4
4
4
4
4
4
4

PCNA-LI
(0,/)

0
68
27
15
40
36
38
58
44
0
49
56
57
32
0
62
0
20
66
44
0
15
21
46
41
10
51
20
49
19
0
37
10
33
0
44
36

TdT-LI
(%o)

0.8
4.0
4.5
3.0
9.5
5.5
8.0
13.5
0.1
0.5
12.0
5.0
11.5
5.0
2.0
12.5
3.0
5.0
1.0
10.0
1.0
4.0
4.0
11.0
2.0
2.0
12.0
4.0
12.0
5.0
2.0
6.5
2.0
4.5
1.0
10.0
6.0

+

+
+
+

+
+
+
+
+
+
+
+
+

+
+
+

Type: T = trabecular; P = pseudoglandular; C = compact;
SC = sclerosing; SA = sarcomatoid; F = lipid-rich HCC
("fatty HCC"). PCNA-LI = PCNA labelling index; TdT-
LI = TdT labelling index; p53-IR = immunoreactivity for p53
(positive or negative; positivity was accepted when reactivity
with at least one out of five anti-p53 antibodies was detected).
Grading was performed according to Edmondson and Steiner
(four grades). In case of heterogeneity of tumours, more than
one subtype of grade may occur.

PROLIFERATIVE ACTIVITY AND P53 PROTEIN
EXPRESSION IN HCC AND LIVER CELL DYSPLASIA
Proliferative activities of HCC, liver cell
dysplasia, and regenerating cells, based on
nuclear PCNA reactivity and expressed as
PCNA-LI, are shown in tables 1 and 2. No
PCNA staining of HCC nuclei was detectable
in seven cases (table 1), irrespective of tumour
type or tumour grade, but no mitosis and only
very few PCNA staining nuclei were observed
in adjacent non-neoplastic tissue.

Immunoreactivity for p53 protein in HCC
was predominantly nuclear (fig 1). Overall
positivity for p53 protein in HCC (all five anti-

Table 2 Hepatocellular carcinomas (HCC) and dysplastic/regenerating hepatocytes
(LCD): correlation ofPCNA and TdT labelling indices (LI) with respect to p53
immunoreactivity

n PCNA-LI (lo) p TdT-LI (oo). p

A. HCC
p53 positive 29 38.9 (2.8) 0.000 6.6 (0.7) 0.001
p53negative 8 19.2 (1.4) 1.7 (1.3)
B. LCD with HCC*
p53 positive 18 19.2 (2.5) 0.024 5.1 (0.8) 0.001
p53 negative 19 13.4 (2.5) 1.9 (0.8)
C. LCD without HCCt
p53 positive 46 24.9 (2.3) 0.000 8.6 (0.7) 0.0001
p53 negative 20 7.5 (3.5) 1.3 (1.0)

Values for PCNA-LI (%) and TdT-LI (%o) are given as mean (SD).
*Cases with LCD associated with HCC.
tCases with LCD not associated with HCC.

bodies included) was 78.3%, but we observed
differences from one antibody to another. The
highest yield was found with PAb-1801
(76.5%), followed by CM-1 (62.1%), PAb-240
(16.2%), PAb-421 (10.8%), and DO-7
(10.8%). Of the 37 HCC, three were positive
with all five antibodies, two with three, 18 with
two, and seven with only one. These differences
in reactivity may in part be due to different
epitopes recognised by the five antibodies (see
above).
For liver cell dysplasia and regenerating cells

associated with HCC (all four groups taken
together), 18 out of 37 cases were immuno-
reactive for p53 protein, SRLC being the most
commonly positive (10/37). In contrast to the
group with HCC, p53 protein staining in the
group not associated with HCC yielded higher
values for both SRLC and liver cell dysplasia
(46/66). No staining was detected in control
liver biopsies.

APOPTOTIC RATE OF HCC
In human tonsils used as positive controls,
strong TdT labelling was seen in phagocytosed
nuclear fragments occurring in the cytoplasm
of germinal centre macrophages (fig 2). These
nuclear fragments (so called tingible bodies)
represent structures derived from lymphocytes
undergoing apoptosis. In HCC, TdT labelling
was clearly seen in the form of a strong reaction
product in carcinoma cell nuclei (fig 3).
Positive cells sometimes occurred as small
clusters. In most situations, reactivity was
restricted to nuclei, and no cytoplasmic
staining was detectable, but with some excep-
tions. HCC cells undergoing morphologically
visible decay, characterised by loss of cellular
integrity and shrinkage of nuclei, sometimes
showed staining of both nucleus and cyto-
plasm. This phenomenon is most probably the
result of entry ofDNA fragments from a dam-
aged and permeabilised nucleus into the cyto-
plasm. Furthermore, HCC cells shed from
carcinoma tissue which had rounded up to
form condensed spherical structures (apop-
totic bodies) showed strong overall staining,
including the nuclear remnant and the dense
cytoplasmic rim. Interestingly, a few polymor-
phic HCC cells showing no morphological
signs ofdamage had both nuclear and cytoplas-
mic staining (fig 4). Cytoplasmic staining and
staining of nuclear fragments also occurred in
areas of typical tumour necrosis (not shown).
This phenomenon is most probably due to
chromatin decay in necrosis and therefore to the
production of numerous reactive DNA sites
freely available in the areas involved. Nuclear
TdT labelling was detectable in all types of
HCC and there was no difference between
them (table 1). Cells with positive nuclei did not
show any distinct distribution in the sections.
Nuclear staining was observed in typical large
and granular HCC cells, in cells of intermediate
and small size, and in polymorphous cells, but
not in multinuclear tumour cells mostly occur-
ring in grade 3 HCC. In binucleate tumour
cells, one nucleus only was stained in some
instances.
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Figure 1 Hepatocellular carcinoma, trabecular and pseudoglandular type, grade 2;p53
protein immunoreactivity is shown as strong staining of nuclei (PAb-1801 antibody;
APAAP method; x310).

Figure 2 Lymph follicle with germinal centre of a human tonsil, used as positive contro
for in situ DNA nick end labelling (ISEL). Within the cytoplasm ofgerminal centre
macrophages, phagocytosed nuclearfragments show a strong reaction (ISEL procedure,
haematoxylin-eosin counterstain; x250).

Figure 3 Hepatocellular carcinoma, trabecular type, grade 2. Part of the neoplastic cell
harbour nuclei that are immunoreactive after TdT labelling (in situ DNA nick end
labelling procedure, haematoxylin-eosin counterstain; x250).

The correlations of TdT-LI and PCNA-LI
with respect to p53 protein immunoreactivity
are listed in table 2. The apoptotic rate and the
proliferation rate were significantly higher in
p53 positive cases of HCC.

APOPTOTIC RATE OF DYSPLASTIC LIVER CELLS

In comparison with HCC, very few nuclei of
normal looking hepatocytes were TdT positive,
as in the normal liver tissue used as a control.
Among pathological hepatocytes occurring in
cirrhotic nodules, nuclear TdT labelling was
only observed in SRLC and LLCDo cells, and
not in liver cell dysplasia of the SLCD and
LLCDe types. Correlations of TdT with
PCNA-LI and p53 protein immunoreactivity
of liver cell dysplasia cells are given in table 2,
with cases subdivided according to whether
HCC was present or not.

Discussion
Apoptosis is recognised as an important
function in the cell turnover of normal and
neoplastic tissues,' 23 and has been shown to
play a significant role in normal liver and in
several types of hepatobiliary disease." 24 25

Apoptosis takes place naturally in the liver,
albeit at a very low rate.26 It has been shown
that increased hepatocyte proliferation induced
by several factors is normally followed by
increased apoptosis.27 As both the development
and the growth of tumours is determined by
the difference between cell proliferation and
cell loss, it can be expected that apoptosis is
involved in the establishment of liver cancer. In
fact, it has been shown that apoptosis occurs in
hepatocellular tumours,28 that carcinogens
exert their carcinogenic effects not only
through stimulation of cell replication but also
by modulating the incidence of apoptosis,6 and
that apoptosis occurs in preneoplastic
lesions26 29 30 and in rat hepatoma cells grown in
ascites form.3' Apoptosis has recently been
studied in rat liver tumours by the use of quan-
titative methods,32 33 and in human HCC
employing TdT mediated dUTP-biotin nick
end labelling.'2 In the retrospective investiga-
tion described here our aim was to analyse
apoptosis ofhuman HCC and putative precur-
sor lesions quantitatively, employing a powerful
recently established method, in situ DNA nick
end labelling (ISEL9 10). ISEL exploits the
presence of DNA breaks that occur in cells
undergoing apoptosis. By systematically apply-
ing this technique we can show that apoptosis
occurs in human HCC of different types and
grades, apoptotic (TdT) indices ranging from
0.1 to 13.5 per 1000 cells analysed. Staining
was confined to HCC nuclei in most situations,
as expected. In a previous study,'2 reactivity
had been found in HCC nuclei exclusively. We
detected cytoplasmic reactivity in HCC cells
showing morphological signs of decay, and
assume that this phenomenon is the result of
the egress of reactive DNA fragments from

!S damaged and permeabilised nuclei into the
cytoplasm. Both nuclear and cytoplasmic
staining was also noted in condensed struc-
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Figure 4 Polymorphic cell hepatocellular carcinoma, grade 3. Nuclear
seen in two carcinoma cells (close to centre and upper left corner). In ac

polymorphous cancer cell shows nuclear and cytoplasmic staining (bott
nick end labelling procedure, haematoxylin-eosin counterstain; x250).

tures representing apoptotic 1

more, cytoplasmic reactivity i
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these cells appeared otherwise
intact. However, the morphol
of apoptosis is difficult,' and la
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The regulation of an apoptotic
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No significant correlation

between tumour type or grade
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coworkers'2 had observed in
HCC that the proliferation
incidence of apoptosis increas
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proliferation (as assessed by I

and apoptotic rate were signif
HCC that were immunoreac
protein. It has previously been
overexpression in HCC is corn
liferative activity.58 40 There i
substantial evidence that abnc
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particular p53 and Rb, is

apoptosis.4' It is now well estE
overexpression of wild-type
apoptosis in a wide array of
experimental systems show c

p53 dependent apoptosis sui

growth and progression in viv(
human hepatoma cells, the a

etoposide and mitomycin C, increased nuclear
p53 protein, and this change was followed by
apoptosis.45 The highly significant correlation
between the apoptotic rate and p53 protein
immunoreactivity observed in our HCC cases
supports-these findings. Interestingly, cells sug-
gested to represent putative precursor lesions
in a hepatic carcinogenesis pathway, that is,
dysplastic hepatocytes, showed the same phe-
nomenon.
From our results we conclude the following:

(1) apoptosis as assessed by use of ISEL occurs
in human HCC; (2) the apoptotic rate of HCC
does not correlate with either type or grade; (3)
there is a significant positive correlation
between the HCC apoptotic rate and both the
proliferative rate and immunoreactivity for p53
protein; (4) a similar phenomenon occurs for

.4 putative precursors cells of HCC; (5) the find-
rTdT staining is ings support a significant role forp53 in the
idition a regulation of apoptosis in preneoplastic and
om; in situ DNA neoplastic liver lesions.
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