
J Clin Pathol 1993;46:1093-1096

p53 expression in oat and non-oat small cell lung
carcinomas: correlations with proliferating cell
nuclear antigen

P Korkolopoulou, J Oates, J Crocker, C Edwards

Abstract
Aims-To investigate the immunohisto-
chemical expression of p53 protein in
small cell lung carcinoma (SCLC), com-
paring it with that in non-small cell car-
cinoma (NSCLC); and to evaluate the
correlation between p53 and proliferating
cell nuclear antigen (PCNA) expression
as well as between p53 and PCNA expres-
sion and survival.
Methods-Paraffin wax embedded tis-
sues from 61 cases ofprimary lung carci-
noma were stained for p53 protein and
PCNA using the monoclonal antibodies
1801 and PC-10, respectively, in a stan-
dard avidin-biotin immunoperoxidase
method.
Result-Of the 61 lung carcinomas 35
(57%) were positive for p53 (range 1% to
90%). Ninety percent of the non-oat
SCLC contained positive cells and the
labelling index (LI) was significantly
higher than that of the oat SCLC (p <
0.001). SLCC also displayed a higher p53
LI than NSCLC (p < 0.01); no difference
was found between squamous carci-
noma, adenocarcinoma, and oat cell car-
cinoma. A p53 LI of greater than 1%
tended to be associated with nodal
metastases (p < 0.05), and p53 expres-
sion in node positive tumours as well as
in oat cell carcinomas was indicative of
poorer survival (p < 0.01 and p < 0.1,
respectively). A p53 Li of greater than
60% was a negative prognostic factor in
non-oat SCLC (p < 0.05). PCNA LI was
highest in non-oat SCLC and lowest in
NSCLC; oat cell carcinomas had a mean
LI intermediate between NSCLC and
non-oat SCLC (NSCLC v oat cell carci-
noma p < 0.05 and oat cell v non-oat cell
carcinomas p < 0.01). A PCNA LI was
not correlated with nodal metastases or
survival, but there was a significant posi-
tive correlation between PCNA LI and
p53 LI (r. = 0*484, p < 0.001).
Conclusions-pS3 and PCNA expression
differ substantially among the various
types of lung carcinomas. Substantial
differences were also found between oat
and non-oat types of SCLC, indicating
that SCLC is heterogeneous as far as
proliferation rate and altered p53 expres-
sion is concerned. p53 seems to be of
some prognostic value. The relation

between PCNA and p53 expression indi-
cates that the PCNA gene is slightly up-
regulated by p53.

(C Clin Pathol 1993;46:1093-1096)

p53 protein is a nuclear phosphoprotein
encoded by a gene located on the 17P chro-
mosome. In in its wild form, it is regarded as
a tumour suppressor gene whose inactivation
is an almost universal step in the develop-
ment of human malignancies.' Wild p53 pro-
tein regulates cell proliferation by arresting
the cell cycle in the Gl phase.2 It also acts as
a "molecular policeman" by accumulating in
response to DNA damage, and inhibiting
proliferation while repair takes place.3 If
repair fails p53 continues to accumulate until
apoptosis occurs.

Inactivation of p53 leads to unrestrained
cellular proliferation, genetic instability, and
heightened susceptibility to malignant trans-
formation.' Inactivation may be the result of
binding to host or viral protein, or may be
caused by gene mutation. The abnormal pro-
tein encoded by the mutant p53 gene not
only forms an inert hetero-oligomer with the
wild type protein, but it is also more stable,
and accumulates in the nucleus in sufficient
quantities to be detected immunohistochemi-
cally.4 The immunohistochemical demonstra-
tion of p53 protein is therefore regarded as an
indication of mutation in the p53 gene.
Several neoplasms have been associated with
altered p53 gene expression, including col-
orectal,' breast carcinomas,6 as well as
haematopoietic malignancies.'

Accumulating evidence indicates that lung
cancer arises as a result of multiple genetic
changes in dominant oncogenes such as ras
and suppressor genes such as p53, often in
the same tumour.7 Abnormal p53 expression
has been convincingly demonstrated in lung
carcinomas using molecular7"- and immuno-
histochemical techniques,412-14 but most of
these studies have focused on squamous car-
cinomas and adenocarcinomas: the number
of small cell carcinomas (SCLC) studied has
been small.

Methods
This study was based on 61 cases of primary
lung carcinoma taken from the files of the
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Figurel1Adenocarcinoma showing positive cytoplasmic staining for p53-

Table 1 p53 expression in lung carcinomas

No of p53 labellin
n = positive cases (range and

Squamous carcinoma 10 5 1-5-65, 15
Adenocarcinoma 14 5 1-10, 1
Adenosquamous carcinoma 3 2 2-35
Oat cell SCLC 13 4 10-70, 12-
Non-oat cell SGLC 21 19 5-90, 40
Total 61 35

Pathology Department of East B:
Hospital from 1977 to 1990. Tun
was obtained by open biopsy (n =I
cal resection (n = 54). The histolo
noses were reviewed by an experic
pathologist (CWE). Thirty four
SCLC consisting of 13 oat and

Figure 2 Oat cell SCLC showing only scanty positive nuclear stainingfor p53.

cytoplasmic staining is also present.

carcinomas and 27 cases of NSCLC (10
squamous, three adenosquamous, and 14
adenocarcinomas) were examined. Non-oat
cell SCLC were defined as'small cell carcino-
mas which did not fulfil the WHO diagnostic
criteria for oat cell carcinomas.'15 In the resec-
tion specimens the size of the tumour and
nodal status were also recorded. Survival data
from the Birmingham Cancer Registry were
available for 40 cases.

All specimens had been fixed in 10% for-
malin and routinely processed for paraffin
wax embedding. Sections were cut at 3 [im
and mounted on Vectabond treated glass
slides. The slides were air dried at 37'C for at
least 24 hours and then stained immunohisto-
chemically for p53 protein using the mono-
clonal antibody PAB 1801 (Dr L Young) and
for PCNA in 44 cases using the monoclonal
antibody PC-i10 (Dakopatts). For immuno-
staining the three-step avidin-biotin tech-

......
nique (Vecta-stain Elite PK6 102) was used.
The antibody 1801 was diluted 1 in 5 in
phosphate buffered saline (PBS) (pH7-4).
PC-10 was diluted 1 in 50 in PBS (pH7-4).
Incubation timne was 30 minutes at room tem-
perature for both antibodies.

,zgidex .Staining was assessed blind (without know-
eiandvlex ing the various clinicopathological parame-medanvale) ters) and independently by two observers

(CWVE and PK). Positive non-neoplastic cells
.5

~~or cells showing only cytoplasmic staining
were not taken into account. In each case
nuclei from about 1000 tumour cells from 10
high power fields were counted and the
labelling index (LI) was calculated as the per-

irmingham centage of positive neoplastic nuclei.
nour tissue Although the intensity of staining varied, all
1) or surgi- identifiable nuclear staining was recorded as
)gical diag- positive. In cases with patchy staining areas
enced lung containing the highest and lowest number of

cases of positive cells were selected and the percent-
21 non-oat ages were averaged to give the LI.

T'he results were statistically evaluated
using Student's t test, Wilcoxon's rank sum
test, the x'test and Spearman's rank correla-
tion coefficient. Survival data were analysed
using the log-rank test.

Results
Of the 61 tumours studied, 35 (57%) gave a
positive nuclear reaction for p53. The distri-
bution of positive nuclei was patchy in many
cases, but they were always seen in tumour
cells and never in normal tissue. In one squa-
mous carcinoma positivity was confined to
the in situ component. In 12 cases one squa-
mous carcinoma, five adenocarcinomas, one
adenosquamous carcinoma and five SCLC)
some cytoplasmic staining was also evident
(fig 1).
p53 expression varied according to histo-

logical type. Positive nuclei were found in
30% of oat cell SCLC, 36% of adenocarcino-
mas, and 50% of squamous carcinomas com-
pared with 90% of non-oat SCLC (table 1)
(figs 2 and 3). The p53 LI of the small cell

A litd group as a whole was significantly higher than
that of the non-small cell tumours (p < 0-01).
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p53 expression in oat and non-oat small cell lung carcinomas

Table 2 PCNA index in lung carcinomas

PCNA labelling index (O/o)n = Mean (SD)

Squamous carcinoma 9 43-3 (23 3)
Adenocarcinoma 10 25-2 (18-8)
Adenosquamous carcinoma 2 47-5 (3 5)
Oat cell SCLC 10 56-5 (21-7)
Non-oat cell SCLC 15 78-3 (11-0)

Figure 3 Non-oat cell SCLC with extensive positive nuclear stainingfor p53. No
cytoplasmic staining is present.

More importantly, the non-oat SCLC had a

significantly higher p53 LU than the oat cell
tumours (p < 0 0001).

p53 expression was also related to prog-
nosis and survival. In general, a p53 LI of
greater than 1% tended to be associated with
nodal metastases (p < 0O05), and in patients
with nodal metastases there was a significant
correlation between p53 LI and survival (p <
0 01). In the oat cell group any p53 expres-
sion of whatever intensity implied a poor
prognosis (p < 0 01); in the non-oat SCLC
group it was the subjects with a p53 LI of

..-x-iX.v.....-.).M.x.......................:x..~~~~~~~~~~~~~~~~~~~~~~~~~~........

Figure 4 Squamous cell carcinoma showing nuclear stainingfor PCNA at the peniphery
of the tumour islands.

over 60% who fared worse than the rest (p <
0 05). Although a p53 LI of greater than 5%
was more often associated with short survival,
a significant correlation was not achieved.
There was no correlation between p53 LI and
tumour size.
PCNA immunoreactivity was shown in all

cases, and was mostly nuclear, although cells
in mitosis showed cytoplasmic staining. Cell
nuclei in normal lung tissue were negative.
The distribution of positive nuclei was homo-
geneous in some cases, while in others there
was considerable field to field variation. In
squamous carcinoma staining was most
intense in the periphery of the tumour islands
(fig 4); in two tumours the keratinising cells
showed weak cytoplasmic positivity.
The mean proliferative indices in the vari-

ous groups of tumours are shown in table 2.
The PCNA LI ranged from 10% to 95%.
SCLC had a significantly higher mean PCNA
LI than NSCLC (p < 0 0001), and the mean
PCNA LIs of the oat and non-oat SCLC also
differed significantly (p < 0-01). A significant
positive correlation between the PCNA LI
and p53 LI (r. = 0A484; p < 0001) was also
found. There was no correlation between
PCNA LI and tumour size, nodal status, or
survival.

Discussion
This study confirms previous reports that a
significant proportion of primary lung carci-
nomas express the mutant p53 protein.47 '4
It also confirms the results of other investiga-
tions into p53 expression with various histo-
logical types of NSCLC,13 1416 while
contradicting, to some extent, the findings of
Iggo et al,4 who reported a high level of p53
expression in squamous carcinomas.
Different antibodies were used in this latter
study, however.
The most important point to emerge from

our investigation is that expression of p53 in
non-oat cell SCLC is higher than in other
histological types. Furthermore, the increased
p53 expression in this group is paralleled by
an increase in PCNA expression,'7 and there
is a gradient ofPCNA Li from adenocarcino-
mas through squamous carcinomas and oat
SCLC to non-oat SCLC.
A low level of PCNA expression in adeno-

carcinomas compared with squamous carci-
nomas was reported by Carey et al,'8 but as
far as we are aware, findings similar to ours
have not been recorded before, although
Barbareschi et al 12 showed that a decrease in
neuroendocrine features is associated with an
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increase in proliferative activity and altered
expression of tumour suppressor gene
products. These findings may be of diagnos-
tic relevance in that lung carcinomas display-
ing a p53 LI of greater than or equal to 20%,
and a PCNA LI of greater than 50% are
more likely to belong to the non-oat SCLC
group.
The positive correlation between p53 and

PCNA expression suggests that there is an
up-regulating effect of p53 on the PCNA
gene in primary lung carcinomas. In other
tumours, such as central nervous system neo-
plasms'9 and breast carcinomas,20 this relation
does not exist. Reported data, however, indi-
cate that mutant p53 may directly activate
PCNA promoter21: wild type p53, on the
other hand, selectively deregulates PCNA
mRNA and protein expression.22

p53 expression positively correlated with
the presence of nodal metastases but not with
tumour size. A remarkable finding is that a
p53 LI of greater than 5% may be an adverse
prognostic factor in cases with positive lymph
nodes; it is of no relevance when there is no
lymph node metastasis. Prognostically
significant p53 expression was also found in
oat as well as in non-oat SCLC. These results
should, however, be interpreted with caution
because there are well known associations
between histological type, lymph node status,
and prognosis in lung carcinomas.
Furthermore, data concerning the prognostic
utility of altered p53 expression in lung carci-
nomas are sparse and contradictory. Quinlan
et a12' showed a negative prognostic value of
p53 LI in adenocarcinomas and squamous
carcinomas while Hiyoshi et a114 found that
accumulation of p53 protein is of prognostic
value only in adenocarcinomas. Chiba et aP'
failed to demonstrate any relation between
the presence of p53 mutations and tumour
stage or nodal status in NSCLC. PCNA, on
the other hand, does not generally correlate
with nodal metastases or prognosis, although
Fontanini et al 24 showed that PCNA
immunostaining is of prognostic value in
resected peripheral, node negative NSCLC.

In a recent study a note of caution was
sounded regarding intratumoural heterogene-
ity of expression of proliferation markers, par-
ticularly PCNA.18 Because this investigation
used archival surgical material, the number of
available blocks of tumour tissue was limited
to three for each case at the most. The prob-
lem of heterogeneity was addressed by select-
ing areas containing the highest and lowest
proportions of positive nuclei, and averaging
the counts to obtain the LI. In clinical prac-
tice, however, dealing with individual cases,
more systematic sampling, and counting will
be required: a minimum of five blocks of
tumour has been advocated. 18

In conclusion, p53 and PCNA expression
differ substantially among the various types of
lung carcinoma, being highest in non-oat
SCLC which seem to represent a group

distinct from oat SCLC. p53 expression also
seems to be of some prognostic value,
although clinical studies in a larger series of
patients are required.
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