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Use of specific ELISA for the detection of
antibodies directed against p53 protein in
patients with hepatocellular carcinoma
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Abstract
Aims-To analyse the significance of anti-
bodies to p53 protein as a serological
marker for changes in p53 gene expression
in patients with hepatocellular carcinoma.
Methods-Thirty eight patients with
hepatocellular carcinoma, 19 showing
accumulation of p53 protein by immuno-
histochemistry and 19 having no ac-
cumulation, were studied. The presence of
anti-p53 was tested using a novel ELISA
utilising a recombinant p53 protein as a
capture system and verified by western
blotting. p53 gene mutations were sought
by single strand conformational poly-
morphism and DNA sequencing analyses.
Results-Of 19 patients with p53 protein
accumulation in tumour tissue, 10 (52%)
had antibodies to p53 in serum by ELISA.
Four patients with p53 negative immuno-
histochemistry also had detectable anti-
p53. Western blot analysis confirmed the
specificity of the ELISA positive serum
samples. The presence of anti-p53 was in-
dependent ofserum a-fetoprotein and was
detected in 50% of small tumours while
only 8% were a-fetoprotein positive.
Mutations affecting exons S and 6 seem to
be more frequently associated with de-
velopment of anti-p53, than mutations in
exons 7 or 8.
Conclusions-The ELISA for anti-p53 is a
convenient and specific test for the de-
tection of humoral response to alterations
in p53 gene expression and could be of
value in the diagnosis and characterisation
ofpatients with hepatocellular carcinoma.
(J Clin Pathol 1996;49:295-299)
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Hepatocellular carcinoma (HCC) is one of the
most common malignant diseases in the world
with an annual estimated incidence of 1 million
cases. The poor survival after diagnosis has led
to the introduction of screening programmes
using oc-fetoprotein (AFP) estimation and ultra-
sound scanning with some evidence that
tumours may be detected at an earlier, pre-
symptomatic stage.1 Unfortunately, AFP con-
centrations are frequently normal in patients
with small HCC,2 the accuracy of real-time
ultrasound scanning and computed tomo-
graphy (CT) in the detection of small HCCs

is relatively poor3 and there is clearly a need
for other markers of malignant change that can
be used to screen cirrhotic patients.

Mutations in the p53 gene are the most
common genetic changes in human cancers4
and experimental evidence suggests that muta-
tions in the p53 gene are involved in hepato-
carcinogenesis, with a substantial proportion of
patients from high risk areas having mutations
within the p53 gene.5 In European populations
the rate of p53 mutations found has varied in
different studies but p53 mutations are still
found in 25-40% of cases.6 Mutations detected
in tumours usually result in a p53 protein with
an increased half-life and altered immuno-
logical properties, such as changes in the
binding of specific monoclonal antibodies.7
The accumulation of mutant p53 protein and
its conformational change render it potentially
immunogenic and antibodies to p53 protein
have been detected in HCC8 and in other
human cancers.9 Using an immunoblot assay,
circulating antibodies to p53 protein were
found in 25% of serum samples from patients
with HCC.8 Western blot assay is not suitable
for large scale diagnostic testing, whereas
ELISA techniques can be applied more widely
in different laboratories.
The aim of this study was to analyse the

relation between the presence of antibodies to
p53, as detected by a novel ELISA method
with hepatic accumulation of p53 protein, and
the presence of mutations in the p53 gene in
tumour tissue from patients with HCC.

Methods
Thirty eight patients presenting with HCC be-
tween 1985 and 1993 were chosen for the
study. These patients were purposely selected
on the basis of the immunohistochemical de-
tection of p53 protein accumulation in the
tumour cells in 19 (50%), while the remaining
patients had no detectable p53 protein in the
HCC tissue. In order to ensure that true over-
expression of p53 protein was present, all
samples selected as positive by immuno-
histochemistry had p53 protein detectable in
80% or more of the tumour cell nuclei. Thirty
four patients had underlying cirrhosis and none
of the patients had the fibrolamellar variant of
HCC. Aetiology of underlying liver disease was
hepatitis B in 19, hepatitis C in 10, cryptogenic
in five (both hepatitis B and C virus serology
negative), alcoholic cirrhosis in four, and prim-
ary biliary cirrhosis in one. Tumour size and
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number were determined at the time of pre-
sentation by ultrasound, CT scanning and an-
giography. Serum AFP concentrations were
measured using a standard ELISA technique
(Abbott Diagnostics, Maidenhead, UK) in all
serum samples used for detection of anti-p53
antibodies. No patient in this series was known
to have had previous malignant disease or had
clinical evidence of a second primary tumour
elsewhere. Formalin fixed, paraffin wax em-
bedded sections from all 38 hepatocellular car-
cinomas were studied. Tumour tissue was
obtained from total hepatectomy at the time of
transplantation in 13 cases, resection speci-
mens in 10 cases and by needle biopsy in 15
cases. Serum samples were taken at the time
of diagnosis and stored at -20°C.
Serum samples from six healthy laboratory

staff and stored serum samples from five
patients with chronic hepatitis B virus infection
were also studied. Two of these patients had
cirrhosis but none had clinical or serological
evidence of HCC development during a min-
imum two year follow up.

IMMUNOHISTOCHEMICAL DETECTION OF p53
PROTEIN
Tissue sections were dewaxed in xylene, fol-
lowed by graded alcohols. Endogenous per-
oxidase was blocked with 1% hydrogen
peroxide in methanol. Slides were pretreated
by being heated in a microwave oven for 15
minutes in citrate buffer (citric acid 2-1 g, so-
dium hydroxide pellets 10, pH 6 0). Mono-
clonal antibody directed against p53 protein
(DO 1, Cambridge BioScience, Cambridge,
UK) was used as a primary antibody at a
dilution of 1 in 100 in 0-05 M Tris buffered
saline (pH 7 4) and incubated for one hour at
37°C. The second antibody (biotinylated rabbit
anti-mouse, dilution 1 in 400) (Dako Ltd, High
Wycombe, UK) was applied for one hour at
37°C, followed by Streptavidin biotinylated
peroxidase complexes (Dako) and colour de-
veloped with diaminobenzidine. Positivity for
the purposes of this study was defined as nuc-
lear staining in 80% or more of nuclei and
negative samples had no staining of the tumour
tissue at all.

DETECTION OF p53 GENE MUTATIONS
Tumour samples from all 38 cases with HCC
were studied for the presence of mutations
affecting exons 5, 6, 7, and 8 using the poly-
merase chain reaction (PCR) and single strand
conformational polymorphism analysis. 10

Primers were selected as described previously"
and "P labelled PCR product was elec-
trophoresed into standard polyacrylamide se-
quencing gels. Samples with different mobility
from control, wild-type p53 were then se-
quenced using the dideoxynucleotide chain ter-
mination method.

ELISA FOR DETECTION OF ANTIBODIES TO p53
To obtain p53 protein we amplified the p53
gene from Hep G2 cell line using PCR. The

amplified product was cloned in the vector
pQE-8 (Quiagen, Hilden, Germany) and ex-
pressed in Escherichia coli. This resulted in pro-
duction of a 53 kilodalton protein which was
immunoreactive with a monoclonal antibody
directed against p53 protein-1801 (Dianova,
Hamburg, Germany) and the polyclonal anti-
serum to p53 HZp53R.8 This protein was then
used to coat the wells in 96 well plates using
200,l per well. Serum samples (2 ,ul) were
diluted 1 in 50 to a final volume of 100 tl,
added to precoated wells and incubated for
one hour at 37°C. The plates were washed
extensively in buffer. Detection-antibody so-
lution (anti-human IgG Fc specific antibody
labelled with horseradish peroxidase) was
added in a total volume of 100 tl and incubated
for 30 minutes at 37°C, washed and peroxidase/
detector solution added (100 jil). Following a
30 minute incubation in the dark at room
temperature, 50 gl 2 N HCI was added per
well and the optical density (OD) measured in
an ELISA plate reader at 450 nm with a 620 nm
filter. The dilution and washing buffers, as well
as the detection system for the ELISA were
supplied by Dianova (Hamburg, Germany).
As positive controls we used serum samples
containing known levels of anti-p53 antibody,8
which were included in each plate. Negative
controls comprised: omission of serum samples
(phosphate buffered saline control), and serum
samples from six healthy controls and from five
patients with chronic hepatitis B. All samples
were run in duplicate and results used are the
mean values of the two readings. To confirm
the results for anti-p53 detection by ELISA
further, we tested all serum samples by western
blotting using p53 protein absorbed onto nitro-
cellulose filters, as described previously.8

Results
DETECTION OF ANTI-p53 ANTIBODIES IN SERUM
SAMPLES IN RELATION TO p53 PROTEIN
EXPRESSION
A positive test for antibodies directed against
p53 using the ELISA assay was defined as an
OD greater than 2 SD above the mean value
ofall negative controls. The cut offfor positivity
was defined as 0 39 which was equal to the
OD obtained for the lowest positive control
sample used. Duplicate samples showed good
concordance with no paired samples having
a different classification (high, medium, low
levels) relative to the positive controls. The
coefficient ofvariation in a single serum sample
with eight duplicate measurements was 4-5%.
Fourteen ofthe 38 serum samples from patients
with HCC showed positive results. The com-
parison between the serological data for anti-
bodies directed against p53 and the expression
of p53 protein in tumour tissue showed that
10 (52%) of 19 patients with positive immuno-
histochemistry for p53 protein had positive
results in the ELISA and four of 19 with neg-
ative histochemistry were also positive (fig 1).

All samples positive in the ELISA were con-
firmed as positive when tested by western blot-
ting for the presence of p53 antibodies. In
addition, two serum samples (with positive
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RELATION BETWEEN ANTi-p53 AND THE SITE OF
p53 MUTATIONS
A PCR product was not detected in one of the
19 histochemically positive tumours. In the
remaining 18, mutations were detected in exons
5-8 in 15 cases (table 2). Full DNA sequencing
of the amplicons was possible in nine patients
(table 3). Of the 19 histochemically negative
tumours, p53 mutations were found in two
(11%), both of which had detectable antibody
levels (table 3). The other two patients with
negative histochemistry but with detectable
anti-p53 had wild-type gene sequence in exons
5-8. There was a tendency for more frequent
development of antibodies directed against p53
in HCC with mutations affecting exons 5 and
6 (seven of nine patients) in comparison with
HCC with mutations in exons 7 or 8 (three of

trols six patients).

Figure 1 Results of anti-p53 ELISA in se
from patients with HCC and controls. The
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Figure 2 Correlation between AFP concen
anti-p53 detection in patients with HCC.

immunohistochemistry) showed
definite positive reaction on w

These samples had OD results in
of 0 33 and 0-29, well below the
of 0 39.

CORRELATION OF ANTI-p53 WITH A]

CONCENTRATIONS AND TUMOUR SIZ]

No significant relation was obsen
the presence of anti-p53 antibodi
positivity (fig 2). It seems that tl
detect different patients with H(
cases showed a positive reaction foi
12 positive for anti-p53 alone, thre
itive for both markers, and 15 negai

p53 antibodies were detectable in;
(<4 cm in diameter) tumours (tab
trast to AFP, where only 8% of
samples were positive.

!rum samples
dotted line Discussion

In patients with breast cancer a humoral im-
mune response to p53 has been shown to be
associated with accumulation of mutant p53
protein,12 suggesting that anti-p53 antibodies
can be used as a serological marker for genomic
variations in this tumour suppressor gene. The
only previous study of anti-p53 antibodies in
hepatocellular carcinoma utilised western blot-
ting8 and of the 80 cases tested serologically,
only eight were shown immunohistochemically
to have p53 accumulation in the tumour. West-

+ ern blotting is not easily applicable for use as
a clinical diagnostic test. In the present study
we used a new ELISA technique based on

recombinant p53 protein, which was easier to
carry out and gave highly reproducible results.

+ The sensitivity was only slightly lower than
+ western blotting, as the latter identified only

+ two additional cases of anti-p53 positivity.
+ In this study we have shown that if the HCC

0Ll has accumulated p53 protein (and is therefore
800 9001000 likely to have a p53 mutation), 52% of cancers

I) greater have a significant humoral response with de-
tectable antibody levels. Thus, the presence of

ttrations and anti-p53 in the is usually indicative of

abnormal p53 protein expression in a high
proportion of tumour cells. The aim of this
study was not to evaluate the prevalence of

weak but anti-p53 in HCC in general and accordingly,
,estern blot. the study was designed to test a selected group
the ELISA of patients with HCC. This explains the large
cut off level proportion of cases seropositive for anti-p53 in

comparison with previously reported series on

tumours from other sites.'3 14 In breast and lung
cancer between 10 and 15% of patients have

FP detectable antibodies to p53 protein.'516 In
E Northern Europe, about 25% of patients with
ved between HCC will have over-expression ofp53 protein6;
ies and AFP hence, if half of these mount a humoral re-

he two tests sponse then a similar 10-15% of the total
CC as eight patient population would be expected to have
r AFP alone, p53 antibodies. It is therefore unlikely that this
ze cases pos- test in isolation would be suitable as a primary
tive for both. diagnostic or screening test for HCC. On the
50% of small other hand, the humoral response to mutant
le 1) in con- p53 is clearly independent of AFP status. In
small HCC contrast to AFP, which is more likely to be

positive in large tumours, antibodies to p53
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Table 1 Relation between tumour size and serological detection ofAFP and anti-p53
antibodies

Tumour size Total number AFP positive Anti-pS3 positive

<4cm 12 1 (8%) 6 (50%)
4-8 cm 10 3 (33%) 4 (40%)
Over 8 cm or multiple 14 7 (50%) 5 (30%)

Table 2 Exon containing pS3 mutation (by single strand conformational polymorphism
analysis) in 13 histochemically positive HCCs and base substitution where sequencing
available

Case ELISA Western
number (+l-) blot (+I-) Exon of mutation Base substitution

1 + + 7 T-A (257)
2 + + No mutation N/A
3 - + No data* N/A
4 + + 5 A,G (163)
5 - - 7 G-T (249)
6 + 5 T-iA (176)
7 6 N/A
8 + + 8 C-T (273)
9 5 N/A
10 + + 6 N/A
11 + + 7 G-+T (248)
12 + + 5 N/A
13 + + 6 A-.C (205)
14 - No mutation N/A
15 - 8 C-+G (278)
16 + + 5 T-.A (163)
17 - 8 N/A
18 No mutation N/A
19 + + 6 N/A

N/A =no result available; * no PCR product could be obtained.

Table 3 Exon containing p53 mutation (by single strand conformational polymorphism
analysis) in four histochemically negative HCC with positive results for detection of anti-
p53 and base substitution where sequencing available

Case ELISA Western
number (+I-) blot (+I/) Exon of mutation Base substitution

24 + + 7 G-+T (249)
29 + + 5 N/A
32 + + None found N/A
35 + + None found N/A

N/A= not available.

protein are detectable in a substantial pro-

portion of small HCCs and there is no relation
with tumour size, but instead is highly de-
pendent on the presence of mutations in the
p53 tumour suppressor gene. IfAFP and anti-
p53 results are combined this would increase
sensitivity of detection; in our series of 38 cases

ofHCC, 23 (60%) of 38 were positive for AFP,
anti-p53 or both tests. This suggests that anti-
p53 antibodies may be a valuable addition to
current screening tests with the potential to
detect tumours at an early and therefore more
treatable stage. The ELISA detection of anti-
p53 could be useful as a screening to identify a

subgroup of patients with HCC with abnormal
expression of the p53 gene, thus selecting po-
tential candidates who may benefit from a de-
livery of the wild-type p53 sequences using
gene therapy. Alternatively, antibodies to p53
could be useful as carriers for targeting tumour
cells with p53 protein accumulation.
The presence of anti-p53 did not correlate

with vascular metastasis or tumour aetiology.
As all the histochemically positive tumours used
in this study had very high concentrations of
p53 protein, it is unlikely that the amount of
p53 protein is the only factor determining the
immune response. It is also possible that certain
p53 mutations may produce a more im-
munogenic protein. Evidence from patients

with breast cancer suggests that the immune
response to p53 is strongly related to the pres-
ence of missense mutations rather than stop,
splice/stop, splice, or frameshift mutations.15 It
has been postulated that the development of
an immune response to mutant p53 protein
may depend on mutant p53 complexes with a
70 kilodalton heat shock protein (HSP 70)12
on the basis that anti-p53 was associated with
specific mutations in exons 5 and 6 which
produce proteins known to associate with HSP
70o' and to have a greater transforming po-
tential. Our data shows that mutations in exon 5
or 6 are more likely to produce an immunogenic
protein than those in exons 7 and 8. The finding
of high levels of anti-p53 activity in mutations
affecting codons 257 (exon 7) and 273 (exon
8) is strong evidence against the hypothesis of
HSP 70 being the only required complexing
protein as both of these mutants are unlikely
to bind HSP 70.12 18 It is possible that the
immunogenicity of p53 protein may be en-
hanced by complexing with other oncogene
proteins, as has been demonstrated in mice
with the Simian virus 40 large T antigen'0 and
such alternative protein/p53 immune pre-
sentation mechanisms may explain these res-
ults.
Four samples with no detectable p53 protein

accumulation in the tumour tissue were p53
antibody positive. In two of these a p53
mutation was detected by molecular analysis
and it is clear that these represent immuno-
histochemically false negative results. The anti-
body used, DO1, binds to an epitope of p53
protein which is known to be present in an
available form in wild-type and most mutant
p53 protein but it is possible that the mutations
present in these tumours may produce a protein
lacking this determinant. An alternative, and
perhaps more likely, possibility is sampling
error in the tumour as accumulation of p53
protein is often variable in different areas of
the tumour. Three out of four histochemically
negative samples were needle biopsy specimens
and it is well described that p53 accumulation
is not universally seen throughout the tumour.
In the other two cases no mutation was found
in exons 5 to 8.

In conclusion, the ELISA for anti-p53 is a
convenient and specific test for the detection
of humoral response to alterations in the p53
gene expression and could be of value in the
diagnosis and characterisation of patients with
HCC.
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