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Expression in Sputa Collected From Patients Prior to
Histological Diagnosis of Squamous Cell Carcinoma
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Abstract Mutations in the p53 gene are detected in greater than 50% of squamous cell carcinomas of the lung and
to a lesser extent in adenocarcinomas. The p53 protein is also overexpressed in a relatively high percentage of
preinvasive lesions of the bronchial epithelium. However, unlike tumor tissue, immunoreactivity does not necessarily
imply that cells in preinvasive lesions carry a mutant p53 allele. In some cases, overexpression may result front a cellular
checkpoint reaction to a toxic or mutagenic substance such as exposure to tobacco smoke. In any case, p53
overexpression in preinvasive lesions may serve as a biomarker for high risk assessment of lung cancer and other tumors
in the aerodigestive tract. A study was designed to retrospectively analyze p53 overexpression in cells from sputum
samples collected prior to histological tumor diagnosis. The rationale was based on the observation that both
preinvasive and tumor cells from the bronchial epithelium are exfoliated into the airways and can be detected based on
morphology in sputa. Two sets of cases were chosen: 1) patients whose first primary tumor was a squamous cell
carcinoma containing a mutant p53 allele with overexpression observed in most of the tumor cells; and 2) patients
whose squamous cell tumor did not contain a mutant p53 allele. Cells which stained positive for p53 expression were
observed in sputum samples collected from all six patients whose tumors were positive for a mutant p53 allele. Also p53
positive cells were detected on sputum slides for two of the five cases where the tumor DNA did not contain a mutation
and/or tumor cells which overexpress p53 were not detected in tissue sections. Although cells which stained positive for
p53 were present in sputum from patients whose tumors contained a missense mutation, the presence of p53
overexpression was not specific for tumors which contain an altered p53 allele since overexpression was detected in
sputum cells from patients whose tumor DNA did not contain a p53 mutation and/or tumor cells which stained positive
for p53 were not observed in tissue sections. However, the p53 positive cells in sputa collected from the latter group of
patients could have been exfoliated from other lesions which contained a mutant p53 allele. The accumulation of p53 in
some sputum cells was concomitant with expression of simple epithelial type cytokeratins (CK) 8 and 18 or at least one
of the other cytokeratins detected by a broad spectrum (PAN) CK antibody mixture. These data imply that most of the
sputum cells which overexpress p53 are epithelial cells. Moreover, our results are consistent, at least in part, with other
observations that cells which overexpress p53 in dyplasias and hyperplasias express CK 8, 18. We will continue to
explore the possibility that expression of cytokeratins 8, 18 and/or other cytokeratins in conjunction with p53
overexpression and/or morphological criteria could define a new class of atypical cells which are predisposed to cancer
development. J. Cell. Biochem. 255:185-190.  © 1997 Wiley-Liss, Inc.
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Mutations in the p53 gene are detected in
greater than 50% of squamous cell carcinomas
of the lung and to a lesser extent in adenocarci-
nomas. Previous studies have demonstrated p53
overexpression and/or p53 mutations in prein-
vasive lesions of the bronchial epithelium [1-4],
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epithelium of the head and neck [5-9] and
esophageal epithelium [10,11]. Approximately
80% of the observed alterations in the p53 gene
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are missense mutations [12] which impart a
much longer half-life to the mutant protein
than the wild-type protein. Thus, the mutant
protein can be detected by immunocytochemi-
cal staining with an antibody to p53 whereas
the normal protein can not usually be visual-
ized. Occasionally, positively staining nuclei are
observed in a tumor which does not contain a
mutant p53 gene. Wild-type p53 can be stabi-
lized by binding to cellular proteins, i.e. mdm-2,
and to some oncogenic viral proteins. Also,
response to toxic insults such as ionizing radia-
tion induces the expression of p53 and the wild-
type protein can be detected by immunocyto-
chemical staining. However, in general,
immunoreactivity is a good predictor of a tumor
containing a mutant p53 allele. Of course, tu-
mors with a p53 allele inactivated by a non-
sense mutation or by deletions/insertions will
probably not stain with a p53 antibody since
these types of mutations usually lead to the
expression of a truncated or unstable protein.

In several studies, overexpression of the p53
protein was observed in a relatively high per-
centage of preinvasive lesions. For example,
p53 overexpression was detected in 30% of mild
and moderate dysplasia and 60% of severe dys-
plasia of the bronchial epithelium [2]. Simi-
larly, 11 of 15 and 9 of 20 preinvasive dysplastic
lesions of head and neck, were shown to overex-
press p53 [5,6]. However, unlike tumor tissue,
immunoreactivity does not necessarily imply
that these cells in the preinvasive lesions carry
a mutant p53 allele. In some cases, the overex-
pression may be a result of a cellular check-
point to the toxic exposure of smoking. Boyle et
al. [7] examined 37 noninvasive lesions of the
head and neck for a p53 mutation and detected
mutations in only 19% of these lesions, i.e., 5 of
24 in CIS lesions and 2 of 13 dysplasias. We also
analyzed a small set of preneoplastic lesions for
the presence of p53 mutations and detected a
mutation in two of nine samples examined (un-
published data). Additional studies are re-
quired to ascertain the relationship between
p53 overexpression and the presence of muta-
tions in preinvasive lesions. In any case, p53
overexpression in preinvasive lesions may serve
as a biomarker for high risk assessment of lung
cancer and other tumors in the aerodigestive
tract.

With this background, a study was designed
to retrospectively analyze for p53 overexpres-
sion in cells present in sputum samples col-

lected prior to the final tumor diagnosis. The
rationale was based on the observation that
preinvasive and tumor cells in the bronchial
epithelium are exfoliated into the airways and
therefore, can be detected in sputa based on
morphological criteria. Two sets of cases were
chosen: 1) patients for which the first primary
tumor was a squamous cell carcinoma contain-
ing a mutant p53 with overexpression observed
in most of the tumor cells; and 2) patients for
which the squamous cell tumor did not contain
a mutant p53 allele. The first phase of this
project was the analysis for p53 overexpression
in sputum samples collected prior to histologi-
cal tumor confirmation. This report describes
the results of these analyses.

ANALYSIS OF SPUTUM SAMPLES FOR CELLS
WHICH OVEREXPRESS P53

Sputum samples collected from 11 patients
diagnosed with a squamous cell carcinoma of
the lung were analyzed for cells which overex-
press p53. In this study, the sputum samples
analyzed were collected within several months
prior to histological tumor diagnosis and these
sputum specimens were cytologically diag-
nosed as suspicious for carcinoma, CIS or carci-
noma (Table I). Some of the cases presented in
Table I also have sputum samples available one
or more years prior to tumor diagnosis. The
results presented in this report will be ex-
tended to include the analysis of cytologically
non-malignant sputum samples collected at ear-
lier time points prior to the final tumor diagno-
sis.

A missense mutation in p53 was detected in
the tumor DNA for 6 of 11 patients presented in
Table I, and overexpression of p53 was ob-
served in their tumor tissue. For the other five
cases, pb3 overexpression was not observed in
the tumor tissue and no mutation was detected
in two of the cases examined.

The following is a brief description of the
procedure used to analyze sputum specimens
for cells which overexpress p53: 1) a monolayer
of sputum cells was prepared on a glass slide
utilizing a large format cytofunnel (megafun-
nel) supplied by Shandon Lipshaw, Inc. (Pitts-
burgh, PA). A manuscript in preparation will
describe the procedure for preparation of Shan-
don megafunnel slides from sputum samples.
The Shandon megafunnel slides can be gener-
ated from a sputum slurry or sputum cells
removed from previously prepared Saccomanno
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TABLE 1. Analysis of Sputa Collected Prior to Diagnosis of Squamous Cell Carcinoma
for p53 Overexpression

Patient Tumor p53 Time of sputum Sputum p53 immunocytochemistry stain
number stage? mutation®? collection® diagnosis Fixed tissued Sputum
03B 1 codon 249 1.0 carcinoma A positive
22 I exon 5 1.0 CISe A positive
27 I exon 5 1.0 carcinoma A positive
58 1 codon 245 0.25 carcinoma A/B positive
61 I exon 7 7.0 carcinoma A/B positive
62 11 exon 5 1.0 carcinoma A positive
45 1A none 1.0 carcinoma negative negative
63 11 none 0.5 carcinoma negative positive
67 NDf NDf 3.5 carcinoma negative positive
68 I NDf 2.0 suspicious negative negative
69 1 NDf 0.25 carcinoma negative negative

2All tumors are moderately differentiated squamous cell carcinoma except for number 68 which is a well differentiated

squamous carcinoma.
bp53 mutations in exons 5-9 were detected by SSCP analysis.
°Time in months prior to final tumor diagnosis.

dQverexpression was determined by immunocytochemical staining and defined as follows: A = greater than 75% of the nuclei
stained positive for p53; B = between 50-75% of the nuclei stained positive for p53; and negative = no nuclei stained positive

for p53.
¢CIS = carcinoma in situ.
fND = not determined.

smear slides [13]. The monolayer of sputum
cells is framed in a 1 X 2 em rectangle located in
the center of a specially designed glass megafun-
nel slide; 2) Megafunnel slides were stained for
P53 gene overexpression using the monoclonal
DO-7 antibody (DAKO) and diaminobenzidine
(DAB) as a chromogen. The detection system
consisted of an avidin-biotin peroxidase method
using a Vectostain Elite ABC kit (Vector); 3) x,y
coordinates were determined for each of the
nuclei which stained positive for p53 and photo-
micrographs were taken; and 4) the samples
were then stained with a modified Papanico-
laou (Pap) stain to determine if the cells that
stained for p53 were morphologically atypical
based upon standard diagnostic criteria.

Cells which overexpress p53 were detected
on sputum slides for each of the six cases where
the tumor contained a missense mutation and
the tumor cells stained positive for p53 on a
corresponding tissue section (Table I). Also, posi-
tive p5b3 staining cells were detected on sputum
slides for two of the five cases where the tumor
did not contain a mutation and/or tumor cells
which overexpress p53 were not detected on a
tumor section (Table I, cases 63 and 67). The
number of cells which stained positive for p53
on the megafunnel slide ranged from 0-23 as
shown in column 3, Table II. Although cells
which stained positive for p53 were present in

sputum from patients whose tumors contained
a missense mutation, the presence of p53 over-
expression was not specific for tumors which
contain an altered p53 allele since overexpres-
sion was detected in sputum cells from patients
whose tumor DNA did not contain a p53 muta-
tion and/or tumor cells which stained positive
were not observed in tissue sections. However,
the p53 positive cells in sputa collected from the
latter group of patients could have been exfoli-
ated from other lesions which contained a mu-
tant pb3 allele.

The Shandon megafunnel slides containing
cells which overexpress p53 were then stained
with the modified Pap stain. The exfoliated
cells in the sputa which stained with p53 dem-
onstrated atypical cytological morphology and
did not stain orangophilic with orange G-6 (Sur-
gipath). Many of the sputa cells which overex-
pressed p53 were morphologically consistent
with undifferentiated tumor cells (Fig. la)
whereas others had atypical features such as
an altered nuclear to cytoplasmic ratio, and
irregular nuclear and cytoplasmic features (Fig.
1b) but did not display malignant cytological
criteria. Our observation for p53 positive cells
in the sputa was consistent with the pattern of
p53 staining in tumors. The positive staining
nuclei in the tumor sections were seen in the
less-well-differentiated proliferative zones while
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TABLE II. Immunocytochemical Analysis
of Sputa for Cells Which Overexpress p53
and Express Either Cytokeratins 8, 18
or a PAN* Cytokeratin

Patient  Slide Immunocytochemical analysis

number number p532 CKS8,18® PAN°CK
03B 03B-T1 23 11 11
22 22-T1 3 1
27 27-T1 3 0
27-T2 5 2 2
58 58-T1 7 5 1
61 61-T1 3 1 2
61-T2 3 1
62 62-T1 3 2
62-T2 1 1
45 45-T1 0 0
63 63-T1 3 1
63-T2 1 1
67 67-T1 2 2
67-T2 6 4
68 68-T1 0 0
69 69-T1 0 0

*A broad spectrum cytokeratin (CK) antibody consisting of
a mixture of monoclonal antibodies to CK 1, 4, 5, 6, 8, 10,
13,18 and 19.

aThe number of cells on a Shandon megafunnel slide which
overexpressed p53.

bThe number of p53 positive cells that also expressed CK 8,
18. There were numerous other cells which stain with CK 8,
18 which did not overexpress p53.

“The number of p53 positive, CK 8, 18 negative cells that
stained with the PAN CK antibody. The p53 positive cells
which did not express CK 8, 18 did express at least one of
the other cytokeratins detected by the PAN CK antibody.
Numerous other cells stained with the PAN CK antibody
which did not overexpress p53.

positive staining was not observed in the more
differentiated areas and within the keratin
whorls. This observation has been reported sev-
eral times for squamous cell carcinomas [5,8,9].
Based on our data and previous reports in the
literature, overexpression of p53 was only ob-
served in the more undifferentiated cells in dysplas-
tic and hyperplastic lesions [5,6,8,9]. In the study
by Nees et al. [8], p53 accumulation was concomi-
tant with expression of at least one of the simple
epithelial type cytokeratins 8 and 18.

CONCOMITANT EXPRESSION OF P53 AND
CYTOKERATINS 8 AND 18 IN SPUTUM CELLS

The intermediate filament proteins selec-
tively expressed in epithelial cells are the cyto-
keratins (CK) which consist of a family of more
than 20 proteins. The expression of cytokerat-
ins in epithelial tissue is tightly correlated with

the differentiated state of the cells. The pattern
of expression of cytokeratins are often altered
in pathological conditions such as preneoplastic
lesions [14—16] and cytokeratin antibodies may
be utilized in tumor diagnosis [17-19].

The cytokeratins 8 and 18 are expressed not
only in simple squamous epithelial cells but
also in some stratified epithelia such as the
endocervical columnar and basal cells [18,20].
These cytokeratins are expressed in all adeno-
carcinomas and very often in squamous cell
carcinomas [17-19]. In addition, CK 8, 18 are
also extensively expressed in cervical intraepi-
thelial neoplasia [18] and in the epithelia of the
head and neck [8]. As mentioned above, Nees et
al. [8] detected concomitant expression of CK 8,
18 and p53 in the more undifferentiated cells in
dysplastic and hyperplastic lesions of the head
and neck.

The megafunnel slides which had been previ-
ously stained for cells which overexpress p53
were stained with an antibody to CK 8, 18
(NCL-5D3, Novocastra Laboratory) to analyze
for concomitant expression of these simple cyto-
keratins and p53. The detection system for CK
8, 18 is the Vectorstain Elite ABC kit (Vector)
using the Vector VIP chromogen which elicits a
purple color which contrasts with the brown
DAB stain used for p53 detection. Figure 2
illustrates two atypical squamous cells which
express both p53 and CK 8, 18. As shown in
Table II, 53% of the cells which overexpressed
p53 stained positive for CK 8, 18 (32 of 60 cells).
We then stained the slides with a broad spec-
trum (PAN) CK antibody mix (C2562, Sigma)
using the Vector VIP chromogen to determine if
the p53 positive cells which were CK 8, 18
negative expressed different cytokeratins. For
the cases examined, most of the p53 positive
cells were positive for either the CK 8, 18, or at
least one of the other cytokeratins detected by
the PAN CK antibody. These data imply that
most of the sputum cells which overexpress p53
are of epithelial origin. Moreover, our results
are consistent, at least in part, with the observa-
tion of Nees et al. [8] that cells which overex-
press p53 in dysplasia and hyperplasia also
express CK 8, 18.

There were also numerous cells on the spu-
tum slides which stained with the CK 8, 18
antibody and did not overexpress p53. These
Pap stained CK 8, 18 positive cells were all
basophilic and some cells exhibited atypical
morphological features such as a basaloid shape
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a

b

Fig. 1. Immunocytochemical staining of sputa cells which overexpress p53. a and b show cells which have DAB
positive stained nuclei (arrow) with the p53 monoclonal antibody DO-7. The cell shown in a is a moderately
differentiated squamous tumor cell and the cell depicted in b is @ moderately atypical squamous cell, X600.

b

Fig. 2. Immunocytochemical analysis of atypical squamous cells from sputum which concomitantly express p53
and cytokeratin 8, 18. a and b show cells which have DAB positive stained nuclei (arrow) with the p53 monoclonal
antibody, DO-7, and Vector VIP positive stained cytoplasm (arrowhead) with the CK 8, 18 monoclonal antibody,

NCL-5D3, X600.

and an altered nucleus to cytoplasmic ratio.
Since these sputa were diagnosed as suspi-
cious, CIS or carcinoma (Table I), some of these
CK 8, 18 positive, p53 negative cells were
morphologically consistent with tumor cells.
However, many of these cells did not exhibit
malignant criteria but depicted atypical mor-
phological features which suggest that they
were exfoliated from preinvasive lesions. In
future studies to examine for p53 overexpres-
sion in cytologically non-malignant sputa
samples collected before histological tumor diag-
nosis, we will also analyze for atypical cells
which express CK 8, 18 and other cytokeratins.
These studies may help identify a class of pre-
malignant cells in sputa which are not pres-
ently diagnosed in the clinical screening of sputa
slides.
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