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p53 gene alterations and protein accumulation
in colorectal cancer
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Abstract
Aim-To correlate immunohistochemical
staining with single strand conformation
polymorphism (SSCP) analysis of the p53
gene in colorectal cancer in order to un-
derstand how the findings provided by the
two techniques complement each other in
defining p53 functional status.
Methods-Frozen tumour tissue from 94
patients with colorectal cancer was studied
for p53 protein accumulation and gene
mutations. Accumulation of p53 protein
was detected by immunohistochemistry
using PAbl801 and BP53-12-1 monoclonal
antibodies. The findings were then com-
pared with SSCP analysis of exons 5 to 8
of the p53 gene. All cases with a positive
result by SSCP analysis were confirmed
by sequencing.
Results-Nuclear staining was observed in
51 (54.2%) cases. SSCP analysis of the
DNA amplified by PCR revealed that the
electrophoretic pattern had shifted in 30
cases; sequence analysis confirmed the oc-
currence of a mutation in 29 cases and of
a polymorphism in one. In 27 cases both
assays gave a positive result, and in 40
both were negative; therefore, concord-
ance between PCR-SSCP and immuno-
histochemistry was seen in 72% of cases.
Conclusion-The data indicate that pos-
itive immunostaining corresponds with
the presence of a mutation in most, but
not all, cases studied; other mechanisms
could be responsible for stabilisation and
accumulation of p53 protein in the nuc-
leus. Nonsense mutations which do not
confer stability on the protein will not be
detected by immunohistochemistry and
false negative results can also occur with
SSCP analysis.
(J7 Clin Pathol: Mol Pathol 1996;49:M85-M90)
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Several genetic alterations have been shown to
play a significant role in tumorigenesis. By and
large, the most frequently observed molecular
changes occur in the p53 gene.' The p53 gene
encodes a protein involved in control of the
cell cycle, which is capable of binding to DNA
and acts as a negative regulator in the cell's
response to damaged DNA.2

Functional alteration of p53 protein can
occur through several mechanisms: point muta-
tions, deletions, and rearrangements in the p53

gene; binding with viral proteins (for example,
SV40 T antigen, adenovirus Elb, papil-
lomavirus E6); binding with cellular proteins
(for example, mdm-2 oncoprotein, heat shock
proteins); and oligomerisation.' Wild-type p53
protein has a very short half-life, whereas mut-
ated p53 is stable and can accumulate at high
concentrations in the nuclei of tumour cells. As
a consequence, immunohistochemical staining
with specific antibodies can be used to detect
mutant p53 protein. However, p53 over-
expression can also reflect the accumulation of
wild-type protein that has been stabilised via a
mechanism other than mutation- for example,
by binding with SV40 T antigen, which greatly
increases the half-life of the protein.4
The detection of p53 protein by immuno-

histochemistry is simple, can be applied to both
frozen and archival tissues, and has been used
extensively in the study of tumour pathology;
correlation of immunohistochemical findings
with anatomopathological variables and clinical
outcome revealed that accumulation of p53
protein in tumour cells is of prognostic import-
ance. As pointed out by Wynford-Thomas5 and
Hall and Lane,6 immunohistochemical as-
sessment of p53 should be carried out in a
standardised manner to enable comparison of
results obtained in different laboratories and,
in this context, quantitation of p53 over-
expression is particularly important. Antigen
detection is influenced by many variables, such
as the absolute amount of the protein, the
characteristics of the antibody (sensitivity,
specificity, concentration, duration of in-
cubation), the type of material under study
(frozen versus fixed/embedded tissue), and the
effects of fixation and other treatments. De-
tecting the precise alteration occurring at the
genetic level is much more laborious and costly.
The most widely used molecular approach is
single strand conformation polymorphism
(SSCP) analysis of DNA fragments amplified
by PCR,7 with subsequent sequence analysis.
The sensitivity of SSCP is influenced by the
experimental conditions, and by the length of
the amplified fragment under study.
A number of investigations have addressed

the relation between p53 protein accumulation
and p53 gene alterations in different tumour
types.8-17 Several antibodies were used in these
analyses, PAb 1801 and DO-7 being the most
common. The SSCP technique utilised by vari-
ous workers is based mainly on the classic
method of Orita et a17 with modifications in
the percentages of glycerol or acrylamide used.
The concordance rates between immuno-
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histochemistry and SSCP (both negative or
both positive) fall within a relatively wide range
(50 to 86%), but this probably depends on
differences both in methodology and tumour
type.
The present study correlates immunohisto-

chemical staining of p53 protein with SSCP
analysis of DNA amplified by PCR.

Methods
ACCUMULATION OF P53 PROTEIN
Frozen sections of 94 colorectal carcinomas
were stained, as described previously,'8 with
two monoclonal antibodies that react with both
the wild-type and mutant forms of human p53
protein; PAb 1801 (Oncogene Science, Union-
dale, New York, USA) recognises an epitope
between amino acids 32 and 79,19 and BP53-
12-1 (Biogenex, San Ramon, California, USA)
reacts with the N-terminal region between am-
ino acids 1 and 45.20 Briefly, sections were
incubated with primary antibody overnight at
4°C (for PAb 1801) or for 90 minutes at room
temperature (for BP53-12-1). Using 3-3'
diaminobenzidine (DAB) as substrate, the
avidin-biotin peroxidase complex technique
was carried out as described by the manu-
facturer (ABC kit, Vector Laboratories, Bur-
lingame, California, USA), and the sections
were then counterstained with Mayer's haema-
toxylin.

Paraffin wax sections were also examined in
20 cases because few cells were stained on
the frozen sections or they contained too few
tumour cells. Antigen was retrieved from the
formalin fixed, paraffin wax embedded material
by pre-heating the tissue sections in a micro-
wave oven.2122 The amount of tumour tissue
in each biopsy specimen was evaluated on
frozen sections stained with haematoxylin and
eosin, and compared with the amount of nor-
mal tissue on the same slide.

Sections with nuclear staining in less than
10% of the tumour cells were regarded as
negative, those with staining in 10% to 25%
of cells were scored +, those with staining in
25% to 75% were scored + +, and those with
staining in over 75% were scored + ++.

P53 MUTATION ANALYSIS
Extraction ofDNA
To obtain genomic DNA, sections of frozen
tissue 20 .tm thick were digested overnight at
37°C with proteinase K in TNE buffer (10mM

Table 1 Comparison of reactivity of PAb 1801 and BP53-12-1 antibodies in cases with
equivocal results

Immunohistochemistry

PAb 1801 BP53-12-1

Case Frozen Paraffin Frozen Paraffin

B.I. - - + + + +
B.A. - + + + +
P.M.V. - + - +
C.E. - + - + +
V.1. - + + + + + +
S.U. - - +++ +++

Tris, 100 mM NaCl, 1 mM EDTA) and so-
dium dodecylsulphate, and then extracted with
phenol/chloroform; DNA was precipitated with
1/10 volume 3 M sodium acetate (pH 5 0) and
two volumes of cold absolute ethanol (- 20°C),
washed with 70% ethanol, air dried, and re-
dissolved in distilled water.

In some cases DNA was extracted from form-
alin fixed, paraffin wax embedded material as
described by Levi et al.23

PCR-SSCP
p53 gene mutations were detected b, PCR-
SSCP analysis of exons 5 to 8 as described
previously.'8 Briefly, 25 amplification cycles
were carried out in a DNA thermal cycler 90r%
(Perkin Elmer, Norwalk, Connecticut, USA)
followed by five further "hot" cycles with 1 uCi
alpha "P-dATP. Annealing temperatures were
60°C (exons 5 and 6), 560C (exon 7) and
51°C (exon 8). The amplified products were
denatured in formamide loading buffer (95%
formamide, 20 mM EDTA, 0 05% xylene cy-
anol, 0 05% bromophenol blue) and run at
30W on a 6% polyacrylamide gel containing
5% glycerol. The gel was then dried and ex-
posed to x ray film at -800C for 12 to 48
hours.

Direct DNA sequencing
Shifted bands were eluted from the gel, amp-
lified by PCR incorporating a phosphorylated
primer, and digested with lambda exonuclease
to convert the double stranded PCR product
to a single stranded form. Other reaction com-
ponents were removed from the template both
prior to and following digestion by using Micro
Spin columns containing Sephacryl S-400 HR
resin (Pharmacia Biotech, Piscataway, New
Jersey, USA).
DNA was then sequenced by the Sanger

dideoxy chain termination method24 using the
"fmol DNA sequencing system" (Promega
Corporation, Madison, Wisconsin, USA).

Results
IMMUNOHISTOCHEMISTRY
Overall, 51 (54-2%) of the 94 primary colo-
rectal cancers exhibited positive nuclear stain-
ing with BP53-12-1; 49 (52-1%) showed
nuclear reactivity with PAb 1801. No nuclear
staining was detected in normal mucosa with
either antibody. More than 90% of cells were
neoplastic in 55 cases, between 50 and 90% of
cells in 22 cases, and between 10 and 50% of
cells in 12 cases. In five cases less than 5-10%
of cells were neoplastic and therefore immuno-
histochemistry was also carried out on paraffin
wax sections.

In the 20 cases for which frozen and paraffin
wax sections were stained with both antibodies,
the same results were obtained in both speci-
men types in all but six cases (table 1). On
analysis of frozen sections, all six were negative
with PAb 1801, while four became positive on
staining with the same antibody on paraffin
wax sections. When BP53-12-1 was used, two
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Figure 1 Immunohistochemical detection ofp53 protein by monoclonal antibodies PAb 1801 (A and B) and BP53-12-1 (C and D) on formalin fixed,
paraffin wax embedded tissue sections of two different cases (x 185).

cases were negative on analysis of the frozen
sections while all six were positive on ex-

amination ofparaffin wax sections. All six cases,

therefore, were finally regarded as having p53
protein accumulation for concordance analysis.
In the case of the two negative results on frozen
sections (PMV, CE) with both antibodies, this
result was probably because the material was

unsuitable as both antibodies gave a positive
result on paraffin wax sections and a large
number of tumour cells was present. In the
other cases the BP53-12-1 antibody seemed to
be more sensitive.
By comparing the immunohistochemical

patterns of nuclear reactivity, evaluated as both
the percentage of positive cells/total number of
neoplastic cells, and the intensity of staining,
some differences between the two antibodies
emerged. In general, when more than 75% of
the cells were positive, the antibodies showed
a similar pattern (25 cases were + + + with
both antibodies); however, cases that scored +
or + + with PAb 1801 often scored + + +
with BP53-12-1 (15 cases had a higher score

with BP-53-12-1). Moreover, BP53-12-1 gen-

erally showed a cleaner and more intense stain-
ing reaction (fig 1).

P53 GENE MUTATIONS
Tumour samples from all 94 cases of colorectal
carcinoma were screened by PCR-SSCP anal-
ysis for mutations within exons 5-8 of the p53

gene, and compared with normal tissue from
the same patient. A non-wild-type migration
pattern was found in 30 cases, 27 of which
showed also p53 protein accumulation. Sub-
sequent sequence analysis confirmed the oc-
currence ofa mutation in 29 cases and showed a
polymorphism at codon 213 in one. Moreover,
this same polymorphism was found in one
of the above 29 cases, in association with a
mutation in the same exon. Eleven cases
showed mutations in exon 5, four in exon 6,
eight in exon 7, and six in exon 8; the types of
mutations identified are described in table 2.
In summary, there were 17 G to A or C to
T transitions, four A to G transitions (two
polymorphisms), seven transversions, two de-
letions, and one duplicating insertion. SSCP
and sequence analysis of two representative
cases are shown in fig 2.

CORRELATION BETWEEN PCR-SSCP AND
IMMUNOHISTOCHEMICAL FINDINGS
The concordance of results between immuno-
histochemistry and PCR-SSCP was 72-0%
(both positive in 27 and both negative in 40
cases). Twenty four cases were positive on
immunohistochemistry but negative on SSCP
analysis, while only two cases were positive on
SSCP analysis and negative on immuno-
histochemistry (table 3). The case showing the
polymorphism at codon 213 and a negative
result on immunohistochemistry was excluded
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Table 2 Nuclear accumulation ofp53 protein in cases with p53 gene mutations

p53 mutations p53 accumulation

SSCP Sequence Immunohistochemistry

Case Exon Codon Base change PAb 1801 BP53-12-1

1. A.A. 5 157 GTCCTC + + + +
2. S.E. 5 161 GCC-oACC + + + + + +
3. V.I. 5 181 CGC-CAC + + + + +
4. G.A. 5 132 AAG-.AGG + +
5. B.A. 5 143 GTG-oATG + + + + + +
6. G.C. 5 175 CGC-oCAC + + + + +
7. M.G. 5 161 GCC-oACC + + + + +
8. V.R. 5 157-158 Insert GTC CGC + ++ + + +
9. A.A. 5 165 CAG-+TAG -

10. B.D. 5 157 GTC-oCTC + + + + + +
11. M.P. 5 141 TGC-oTAC ++ + ++
12. P.O. 6 191 3 bp deletion + + + + + +
13. B.L. 6 208-213 16 bp deletion + + + + + +
14. S.P. 6 213 CGA-oCGG* + + + + +

216 GTG-oCTG
15. M.G. 6 213 CGA-oCGG* -
16. S.N. 6 220 TAT--TGT + +++
17. B.R. 7 249 AGG-AGT + + + +
18. L.R. 7 248 CGGTGG + + + + + +
19. C.A. 7 245 GGC-+AGC + + + + +
20. L.O. 7 237 ATG- ATT + + + + + +
21. S.U. 7 244 GGCTGC -+ + +
22. T.D. 7 238 TGT-TAT + + + + + +
23. R.L. 7 248 CGG-oTGG + + + + + +
24. C.L. 7 244 GGC-oGAC + + + + + +
25. F.G. 8 282 CGG-TGG + + +
26. L.T. 8 282 CGG-oTGG + + + + + +
27. M.L. 8 282 CGG-oTGG + + + + + +
28. B.R. 8 276 GCC-oACC + + + + + +
29. A.A. 8 278 CCT-oACT + + + + + +
30. H.W. 8 306 CGA-oTGA -
* Polymorphism; bp =base pairs.

from concordance analysis. No correlation was
observed between the immunohistochemical
score and the presence and type of mutation.

V

N .T

Table 3 Relation between p53 accumulation detected by
immunohistochemistry and p53 mutations by SSCP
analysis in colorectal carcinomas

Ininiunohistochenzisti-y

Positive Negative Total

SSCP positive 27 (29%) 2 (2%/X) 29 (31%)
SSCP negative 24 (26%) 40 (430/,,) 64 (69%)
Total 51 (55%) 42 (45%'Y,) 93 (100%)*

* The case showing the polymorphism only was excluded from
concordance analysis.
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Figure 2 Upper panel: SSCP analysis in normal (N) and tumour (T) samples of two
patients. Lower panel: Sequencing of tumour sample from patient VI. showing a G to A
transition at codon 181 and in patient B.D. showing a G to C transversion at codon 157.

Discussion
In this study 94 primary colorectal carcinomas
were evaluated for p53 protein expression and
p53 gene mutations by immunohistochemistry
and PCR-SSCP. At present, the use of
immunohistochemistry to detect p53 muta-
tions is still controversial, as accumulation of
p53 protein might also occur through sta-
bilisation by mechanisms other than mutation.
That accumulation of p53 protein is an index
of cell cycle deregulation is still a matter of
debate. In this regard, it is important to high-
light some methodological aspects of both the
immunohistochemical and PCR-SSCP assays.

In immunohistochemistry there are no set
standards for the specificity or sensitivity of the
different antibodies available, nor the minimal
percentage of positive cells required to score a
section as positive. As the detection of a given
amount of antigen by immunohistochemistry
is influenced by the affinity and concentration
of the antibody, as well as by the sensitivity of
the detection system, it is imperative that the
conditions used are defined for diagnostic and
prognostic purposes. In our experience, the use
of two different monoclonal antibodies op-
timally defines the specificity of the reactivity
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observed. In fact, while the nuclear staining
was confirmed by both antibodies in the same
cases (discordant results were an occasional
finding) in the present study, cytoplasmic re-
activity was a rare finding and could be in-
terpreted as an artefact (rather than a real
accumulation of p53 protein outside the nuc-
leus).

It is important to establish the minimum
number of stained neoplastic cells needed to
regard a tumour sample as positive. Because the
number of stained cells required for a positive
result varies from study to study, the results
obtained by different groups are difficult to
compare. Indeed, for some workers one or a
few positive cells are indicative of a positive
sample, while we and others" 1519 require a
minimum of 5-10% stained cells for a positive
result to avoid the possibility of false positive
reactions due to background staining or arte-
facts. In the present study, many tumour
samples which scored as + or + + on staining
with PAb 1801 antibodybecame + + or + + +
with BP53-12-1. Thus, the phenotypic pattern
of the tumour could depend on the sensitivity
and specificity of the antibody used, and there-
fore correlation of the phenotypic pattern with
the presence and type of mutation, or even
with patient prognosis and outcome would be
arbitrary.
A comparison of PCR-SSCP and immuno-

histochemical findings showed concordant res-
ults in 72-0% of our cases. In particular,
27 (93- 1 %) of the 29 cases showing a p53 gene
mutation were also positive for p53 protein
accumulation on immunohistochemistry, while
24 (37 5%) of the 64 cases without mutations
were positive on immunohistochemistry. In 26
(28 0%) cases the immunohistochemical and
SSCP results were discordant; negative
immunohistochemistry/positive SSCP in two,
and positive immunohistochemistry/negative
SSCP in 24. On sequencing, the two cases
with a p53 mutation on SSCP analysis and no
immunohistochemical staining had a nonsense
mutation which resulted in the substitution of
a coding triplet by a stop signal at codons 165
(exon 5) and 306 (exon 8), respectively. In
both cases, the encoded protein was truncated
at the C-terminal region, and lacked the nuclear
localisation signal I (residues 312-323) es-
sential for its transport to the nucleus.2526 Se-
quence analysis of DNA from normal and
tumour tissue in the case with the poly-
morphism at codon 213 in exon 6 showed a
silent CGA to CGG transition (arginine to
arginine), and the normal p53 protein produced
did not accumulate in the cell.27 As the SSCP
screening method does not distinguish poly-
morphisms from mutations, sequence analysis
is necessary to clarify the significance of the
altered electrophoretic pattern.
Accumulation of p53 protein with no evid-

ence of gene mutation may either reflect an
accumulation of a non-mutated protein, or a
false negative SSCP result (the p53 gene is
mutated but not detected by the SSCP tech-
nique). The sensitivity of SSCP analysis is still
a matter of debate; not only does it depend on
the experimental conditions (that is, tem-

perature, ionic strength and the presence or
absence of glycerol), but also on the length of
the amplified fragment being analysed.28
Sheffield et al29 reported that SSCP sensitivity
dramatically decreases with increasing frag-
ment size; the percentage of single base sub-
stitutions detected by SSCP is 90% when the
amplified fragment is 135 base pairs (bp), and
70% when it is 200bp. When the fragment
size exceeds 300bp, sensitivity is even lower
(67%).30 As the length ofthe amplified products
we analysed was 245 bp for exon 5, 184 bp for
exon 6, 110 bp for exon 7, and 213 bp for exon
8, SSCP sensitivity for exons 5 and 8 might
have been less than 70%. With regard to the
experimental conditions, Condie et al" re-
ported that SSCP detected 90% of the p53
gene mutations when the electrophoretic run
was carried out at 4°C, with 0 5 x TBE, but its
sensitivity decreased to 55% under different
analytical conditions (room temperature, 5%
glycerol).

In a comparison of 52 different mutations,
Moyret et al32 found that SSCP consistently
failed to detect mutations in two regions, the
first of which was localised between codons
151 and 154, and the other between codons
272 and 273. Interestingly, samples from four
of the five cases that escaped SSCP screening
were of colon carcinoma. We did not observe
any alterations on SSCP analysis which, after
sequencing, revealed a mutation in these re-
gions.
Although our study focused on exons 5 to

8, where the majority of the mutations are
thought to be localised,"33 mutations in other
exons could account for some negative SSCP
cases. Indeed, recent studies by Greenblatt et
al34 and Hartmann et al15 indicated that 13%
and 22%, respectively, of the p53 gene mut-
ations reported fell outside exons 5-8. A false
negative SSCP result may also occur when the
tumour is not sufficiently represented in the
tissue from which the DNA is extracted. Mor-
phological analysis of our discordant cases re-
vealed that at least five samples were composed
of less than 5-10% tumour cells.
Accumulation of wild-type p53 protein can

be detected by immunohistochemistry because
the antibodies are not specific for the mutant
form, and the wild-type protein can be sta-
bilised by interacting with other nuclear, cellu-
lar and viral proteins.'6'8 In any case, binding
with these proteins results in the functional
inactivation of the p53 gene. Moreover, con-
centrations of wild-type p53 protein in the
cell may also increase either in response to
continuous genetic damage, which may occur
more frequently in tumour cells than in normal
tissue, or because another component of the
p53 suppression pathway (for example, WAFl/
cipl) is altered."9

In general, the environment (mutations, pro-
tein interactions, or stimuli derived from ac-
tivation of oncogenes, such as c-myc and ras,
as reported by Lu et al'0) seems to be the
determining factor for accumulation of p53
protein at high concentrations." This ac-
cumulation results from the loss of rapid p53
protein turnover and might be a signal of its
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altered function; loss of function of this cell
cycle checkpoint gene could contribute to gen-

etic instability and tumorigenesis. This ob-
servation is supported by the studies of
Donehower et al42 in p53 gene deficient mice,
in which the loss of normal p53 protein was

shown to predispose the animals to neoplastic
disease.
The search for p53 gene mutations by mo-

lecular assays is important for defining the
functional alterations that derive from the
different mutations. In this regard, it might be
advisable to study all of the exons of the p53
gene. Accumulation of p53 protein may be
more meaningfully regarded as an index of the
functional status of the p53 gene, rather than an

index of gene mutation, providing the analytical
procedures are standardised and the ap-

propriate controls are used.
In our opinion, immunohistochemistry is a

simple and rapid method for the evaluation of
p53 protein expression as a prognostic marker
in many tumours. Its association with mo-

lecular analysis of the p53 gene might provide
a more precise definition of the changes/muta-
tions resulting in the accumulation of the p53
protein.
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