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Increased Serum Levels of Mutant p53 Proteins in Patients with

Colorectal Cancer

We have examined the serum levels of the mutant p53 protein in patients with
colorectal cancer preoperatively (n=50), and in patients with adenomatous polyp
(n=13). Mutant p53 protein in patients after curative surgical resection of
colorectal cancer (n=26, part of the fifty preoperative patients) was also mea-
sured. Serum samples were stored frozen at -70°C until the time of analysis.
We used the p53 mutant ELISA (QIA03, CALBIOCHEM) system. Serum levels
of the mutant p53 protein in patients with colorectal cancer (mean=0.97+0.14
ng/ml, ranged from 0.7 ng/ml to 1.37 ng/ml, n=50) were significantly greater than
those in patients with adenomatous polyp (mean=0.73+0.06 ng/ml, ranged from
0.69 ng/ml to 0.83 ng/ml) (p<0.001). There was a significant correlation between
serum p53 levels and CA19-9 levels (p<0.01). Serum levels of the mutant p53
protein prior to surgery (mean=0.97 £0.13 ng/ml, n=26) significantly decreased
after surgical resection of tumor (mean=0.82+0.07 ng/ml) (p<0.001, paired t-
test). These results suggest that mutant p53 protein might be used as a potential
biomarker in the management of patients with colorectal cancer. Further study
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is warranted to establish its clinical significance.
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INTRODUCTION

Molecular biologic research has revealed that multiple
genetic alterations, including oncogene activation and
tumot supptessor gene inactivation, ate necessaty in colo-
rectal carcinogenesis (1). Mutations of the p5>3 tumor
supptessor gene are frequently detected in colorectal
catcinomas, and ate considered to play an impottant role
in colorectal carcinogenesis (2-6). The p53 mutation in
colorectal catcinomas has been studied using two main
approaches: analysis of DNA sequence with polymerase
chain reaction amplification (4-6) and immunochistoche-
mical analysis (3, 5). Howevert, the circulating p53 pro-
tein of immune response against the mutant p53 protein,
which is produced by the mutant p53 gene, is not well
undetstood.

Wild type p53 ptotein is present in minute amounts
in normal cells (7), mutant p33 proteins ate obsetved as
a complex with a 70 kDa heat shock protein. They have
a longer half life than wild type p33 proteins, and they
accumulate to high levels within cells (8, 9). The accu-
mulated mutant p53 protein may act as an immunogen
that could produce anti-p53 antibodies. Several studies
have successfully detected circulating anti-p53 antibodies
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in patients with cancer including colorectal cancet (10-
18). Howevet, there has been little study of detection of
the circulating p53 mwutant protein in patients with
cancer. The mechanism of production of anti-p53 anti-
bodies has not yet been explained, neithet has the mech-
anism of production of mutant p53.

In this study, we investigated the presence of the
circulating p53 protein in sera from patients with col-
orectal catcinoma. The relationship between the presence
ot concentration of the circulating p53 protein and
clinical factots, such as staging, serum carcinoembryonic
antigen (CEA) level and carbohydrate antigen (CA) 19-9
etc, was also investigated to clarify whether serologic
testing for the mutant p53 protein is useful in preopet-
ative management of colorectal carcinoma and postopet-
ative follow up after curative sutgical resection.

MATERIALS AND METHODS

Fifty consecutive patients with colotectal cancer diag-
nosed by histological examination, twenty-six patients
after surgical resection (part of the 50 pre-op patients)
and thirteen patients with adenomatous polyp of the
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colo-rectum were included in this study. Informed con-
sent was obtained. Colon cancer was in 18 patients and
rectal cancer in 32 patients. The male:female ratio of the
patients with colorectal cancer was 1.2:1(28:22). The
mean age was 61 years old. Dukes classification (Modified
Astler Coller classification in this study) revealed stage
A in two patients who undetrwent local therapy, stage
B in 14 patients (who all underwent curative surgical
resection), stage C in 23 patients (19 patients underwent
curative surgical resection and four patients underwent
preopetative radiotherpy) and stage D in 11 patients (five
patients underwent palliative tesection of tumor). Histol-
ogic examination showed well differentiated adenocarci-
noma in four patients, moderately differentiated in 29
patients, pootly differentiated in 8 patients, mucinous in
five patients and undetermined in four patients.

Blood samples had been collected from the colorectal
cancer patients by routine venipuncture technique upon
admission and from twenty-six patients on the 7th day
after surgical resection. The serum was separated and
stored frozen at -70°C until the time of analysis. Dupli-
cates were used for final analysis.

We used the mutant p53 ELISA (QIA03, CALBIO-
CHEM, USA) system. p53 assay was petformed accord-
ing to methods outlined in the package insert. In brief
summary of the procedure, we reconstituted p33 stan-
dard with deionized water and kept it on ice. Dilution
of repotter antibody in assay buffer was cartied out.
Samples and each of the standards were added to
precoated wells by pipetting 100 yl. Incubation at 37T
was petformed for 3 h, then the wells were washed.
Reporter antibody was added and incubated for 2h at
room temperature, then the wells were washed. Peroxi-
dase conjugate was added and incubated for 1h at room
temperature, then the wells were washed. After another
30 minutes of incubation upon addition of the substrate,
absotbances in each well were measured using a spec-
trophotomettic plate reader at a wavelength of 405 nm.
To determine p53 concentration in each sample, we first
calculated the average absotbance value in each set of
duplicates. We used Softmax”® software to determine the
p53 concentration. Serum CEA levels were determined
with CEA EIA Kit (Abbott, Tokyo Japan).

For statistical analysis, t-test (unpaired and paired),
analysis of variance, cotrelation coefficient with SAS wete
used. Significance was defined as p<0.05.

RESULTS

Serum levels of the mutant p53 protein in the patients
with colorectal cancer (mean=0.97 £0.14 ng/ml, ranged
from 0.7 ng/ml to 1.37 ng/ml, n=50) were significantly
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Fig. 1. Serum levels of mutant p53 protein in patients with
colorectal cancer and adenomatous polyp. Serum p53 levels
in patients with colorectal cancer were significantly higher than
those in the patients with adenomatous polyp (p<0.001).

greater than those in the patients with adenomatous
polyp (mean=0.73 £0.06 ng/ml, ranged from 0.69 ng/ml
to 0.83 ng/ml) (p<0.001). However, there was no differ-
ence in serum levels of the mutant p53 protein between
the patients with colorectal cancer after curative surgical
resection (mean=0.82+£0.07 ng/ml, ranged from 0.55
ng/ml to 1.05 ng/ml) and the patients with adenomatous
polyp (mean=0.73 =0.06 ng/ml) (Fig. 1). It was very in-
teresting that serum levels of the mutant p53 protein in
the patients with adenomatous polyp showed very simi-
lar results.
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Fig. 2. Serum levels of mutant p53 protein according to modi-
fied Dukes’ classification in patients with colorectal cancer.
Some patients with stage C and D showed relatively high levels,
but they are not statistically significant.
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Table 1. Mean values of serum p53 protein levels according
to variables of the patients

Variables Mean of pb3 p value

Age <70 (n=34) 1.00 + 0.15 0.009
>70 (n=16) 0.92 +0.08

CEA  <5ng/ml (n=25) 1.02 £ 0.15 0.03
>5ng/ml (n=25) 0.94 + 0.12

Site Colon (n=18) 0.97 + 0.13 NS*
Rectum (n=32) 097 +0.14

Size  <5cm (n=14) 1.00 + 0.16 NS
>5cm (n=29) 0.96 + 0.14

Sex  Male (n=28) 0.98 + 0.11 NS
Female (n=22) 097 + 017

*NS: not significant

Serum levels of the mutant p53 protein were 1.06+
0.22 ng/ml (n=4) in the patients with well differentiated
adenocarcinoma, 0.97 £0.14 ng/ml (n=29) in those with
moderately well differentiated, 0.96F0.13 (n=8) in those
with pootly differentiated and 0.9430.10 (n=5) in those
with mucinous. They wete not statistically significant.
Serum levels of the mutant p53 protein were 1.0230.24
ng/ml (n=2) in Dukes’ A, 0.95+0.10 ng/ml (h=14) in
Dukes’ B, 0.9810.16 ng/ml (n=23) in Dukes’ C, and

p<0.001
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Fig. 3. Serum levels of mutant p53 protein in patients with
colorectal cancer before and after surgical resection of the
tumor (n=26). Serum levels of mutant p53 protein decreased
significantly after surgical resection.
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Fig. 4. The relationship between serum p53 protein levels
and serum CA 19-9 levels in patients with colorectal cancer.
Serum levels of mutant p53 protein increased with increasing
CA 19-9 significantly (R=0.45).

0.980.12 ng/ml (n=11) in Dukes’ D (Fig. 2). Relative-
ly high levels of the mutant p53 protein wetre obsetved
in the patients with advanced stage, but their mean
values were not significant (ANOVA).

Serum levels of the mutant p53 protein in younget pa-
tients with colorectal cancer (<70) were significantly
higher than those in older patients with colotectal cancer
(>70). Serum levels of the mutant p53 protein in the
patients with low CEA levels (<5 ng/ml) were signifi-
cantly higher than those in the patients with high CEA
levels (=5 ng/ml). There were no significant differences
in serum levels of the mutant p33 protein between male
patients and female patients, and also between the
patients with colon cancer and the patients with rectal
cancer. Also, thete were no differences in p53 protein
levels according to tumor size (Table 1).

There was a significant cotrelation between serum
levels of the mutant p33 protein and CA19-9 levels (p<
0.01) (Fig. 3). Setum p53 levels increased with increasing
CA 19-9. Serum levels of the mutant p33 protein ptior
to surgery (mean=0.97 £0.13 ng/ml, n=26) significantly
decreased after surgical resection of tumor (mean=0.82 +
0.07 ng/ml) (p<<0.001, paired t-test) (Fig. 4).

DISCUSSION

p53 is the most commonly mutated gene in human
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cancer with the majotity of mutations being amino acid
substitutions (19, 20). Mutations of the p53 tumor sup-
pressor gene are frequently detected in colorectal catci-
noma and are considered to play an impottant role in
colorectal carcinogenesis (2, 3, 4, 5). These mutations are
associated with p53 overexpression caused by the de-
creased breakdown of the tetrametic form with mutant
components and mutant p53 blocks the function of wild
type p53 gene 21, 22, 23, 24). p53 mutation in primary
tumor is associated with prognosis (25). In colorectal
cancer, pd3 is expressed in 50-70% of tumots by im-
munochistochemical analysis (5, 20, 26, 27).

The notmal level of p33 protein is extremely low, but
the aberrant accumulation of p33 in the tumor cell is
detectable. Recently, antibodies against p33 protein in
the serum of patients with colorectal cancer were suc-
cessfully detected (18, 28). These results suggest that p33
status as a molecular marker might be used as a basis
for the stratification of patients and eventually might
play a role in the standard care of patients with colotectal
cancer like CEA. However, it is unknown how p33
protein ot antibodies against p5>3 protein appeat in
circulation.

We found that mutant p33 protein was detected in
the sera of patients with colotectal cancer and in the
patients with adenomatous polyp. However, we do not
know why mutant p33 protein was detected in the sera
of those patients and even in the sera of patients after
curative surgical resection of colorectal cancer. One
possible reason is the denaturation of p53 protein. The
mutant p53 ELISA used in this study detects an epitope
in p33 that is not exposed in wild type p53. Presumably,
it is folded up inside the p33 molecule where the
antibody cannot get to it. Many p53 mutations alter the
conformation and function of p53. When the confor-
mation is altered, the epitope is exposed and the antibody
can then detect the p33 molecule. If p53 is denatured,
such as in a western blot, the epitope is also exposed,
so the antibody will detect both mutant and wild-type
P53 under denatuting conditions. The ELISA will detect
any p53 molecule with a mutation that alters its con-
formation to expose the antibody binding site. We also
studied using the same ELISA methods in the fresh sera
from 41 healthy volunteers. Serum levels of the mutant
P33 levels in all of them except 4 volunteers showed less
than 0.05 ng/ml (0.09, 0.1, 0.23, 0.425 ng/ml). Thus,
further study with fresh serum without stored serum in
patients with colorectal cancer is needed to disctiminate
the real differences between fresh setrum and stored
serum.

General molecular biology techniques involving the
study of DNA using Southern blotting, polymerase chain
reaction and direcc DNA sequencing are not easily per-
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formed in clinical laboratoties. An alternative method for
detecting genetic abnormalities is the study of the
expression of the protein. While antibodies are available
which can demonstrate the presence of the p53 protein
in routine archival blocks, these techniques are generally
restricted to use in pathology laboratories. Moteovert,
even when the same antibody is used there have been
considerable differences in the interpretation of staining,
in patticular the degree of staining and the assessment
of positivity. Although some studies have shown that the
ELISA assay is not quite as sensitive as immunohisto-
chemical technique, we think the ELISA assay might be
an alternative method for the detection of the mutant
p33 protein.

Measurements of anti p53 antibodies were used for the
identification of the serum p33 protein and its signifi-
cance was documented (10-18, 28). However, it is not
clear how circulating p33 antibody is made because free
P53 protein has to be presented to the immune system
to make antibodies. In the same way, we can not explain
how mutant p5>3 protein was detected in this study.
Futrthermote, mutant p33 protein in all patients with
adenomatous polyp was detected in this study. We
thought that this may result from denaturation of wild
type p33 protein duting serum storing ot manipulation.

Cutrently, thete are numetous studies on potential
prognostic markers. An essential requitement for which
is that the procedure for the assessment of a matker
should be easy to petform and teproducible in a vatiety
of laboratoties. The development of the ELISA assay
desctibed in this paper fulfils this requirement and could
facilitate mote studies on the role of the mutant p33
protein in the management of colorectal cancer.

Serum levels of the mutant p53 protein befote surgety
decreased significantly after sutrgical resection. This result
suggests that elevation of the circulating mutant p33
protein in the patients with colorectal cancer might have
been produced in their colotectal tissue. Also this result
indicates the possibility that mutant p53 protein might
be used as a potential biomatker for follow up after
curative sutgical resection of colorectal cancer as in CEA.
However, although relatively high levels of the mutant
p33 protein were obsetved in some patients with ad-
vanced stage, further study with a large number of pa-
tients is warranted to determine its clinical usefulness
because there is no close correlation between p53 protein
levels and tumor stage.
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