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Abstract
Background - In some carcinomas inacti-
vation of the tumour suppressor gene
product p53, either by point mutation or
indirectly by the human papillomavirus
(HPV), has been suggested as two alterna-
tive routes to malignant transformation.
To test this hypothesis in lung tumours, 43
lung carcinomas were analysed by in situ
hybridisation and polymerase chain
reaction (PCR) for the presence of HPV
DNA, and the results were compared with
p53 protein immunohistochemical analy-
sis.
Methods - The presence of HPV DNA in
lung carcinoma was detected by nucleic
acid in situ hybridisation for HPV types 6,
11, 16, 18, 31, and 33 using non-
radioactively labelled DNA probes.
Polymerase chain reaction (PCR) analysis
was performed on all cases showing
positive HPV DNA labelling by in situ
hybridisation and in an additional 13
negative cases. Abnormal nuclear accu-
mulation of the p53 protein was revealed
by immunohistochemistry using the
avidin-biotin-peroxidase complex method
and a CM-1 polyclonal anti-human p53
antibody and a monoclonal mutation-
specific Pab 240 p53 antibody.
Results - HPV DNA was found by in situ
hybridisation in 13 lung carcinomas
(30%/6). In all these cases subtype-specific
HPV DNA could also be detected by PCR.
Abnormal p53 protein accumulation was
seen in 21 of the 43 carcinomas (49%), of
which 18 were HPV negative. Twelve (57%)
of the CM-1 positive cases were also posi-
tive for the mutation-specific antibody
Pab 240. There was an obvious inverse
relationship between the presence of pap-
illoma viral DNA and abnormal p53
protein accumulation.
Conclusions - p53 plays an important part
in the development of lung carcinomas
and, in some cases, HPV may contribute
to it by binding and inactivating the p53
protein.
(Thorax 1996;51:887-893)

Keywords: lung, carcinoma, p53, tumour suppressor
genes, papillomavirus.

p53 is a tumour suppressor gene, mutations of
which have been found in a wide variety of
malignant tumours.' 2 The p53 gene encodes a
53 kDa phosphoprotein which participates in
the control of cell proliferation.3 4 Moreover,
the p53 protein has been found to harbour
transcription factor-like properties5 and it can
also induce apoptosis.6 In cultured fibroblasts
DNA-damaging ultraviolet irradiation leads to
an increase in the level of p53.7 This has also
been shown in human keratinocytes in vivo.'
On the basis of these properties, it has been
suggested that the physiological function of
p53 may be to act as a "guardian" of the
genome.9 Since p53 is able to stall the cell cycle
at Gl, p53 allows more time for DNA
repairing enzymes to act in the event of DNA
damage. In case of a failure in repair, p53 may
trigger apoptosis of the damaged cells. If p53
fails in its functions, the DNA damage is
preserved and transferred to the next cell gen-
erations.'
There are two major mechanisms behind

p53 dysfunction. The first is a p53 gene muta-
tion. This leads either to a cessation of the pro-
duction of the p53 protein, or to synthesis of a
mutated p53 protein which lacks the physi-
ological properties of the wild type p53 protein
but is more stable and consequently has a
longer half life.'° " The accumulation of such a
mutated dysfunctional protein can be detected
immunohistochemically in the affected cells in
contrast to the wild type protein which has
such a short half life that it usually cannot be
detected by -immunohistochemistry." 13
Another mechanism of p53 dysfunction

results from the capability of some viral and
non-viral proteins to bind and inactivate the
wild type p53 protein.'0 11 Such proteins
include the SV40 virus large T cell antigen, the
Elb protein of adenovirus 2 and 5, the E6 pro-
tein of the human papillomavirus (HPV), the
70 kDa heat shock protein, and the MDM2
protein.'°01 While most of these proteins stabi-
lise the wild type p53 protein,'°0 the HPV E6
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Table 1 Consensus and nested primers, and their sequence, usedfor the amplification of
human papillomavirus (HPV) DNA by PCR. HPV gene location, which the primers are
recognising, is also shown as well as the predicted size in base pairs (BP) of the PCR
product

Location in Predicted
Primer pair Sequence (5'- 3) gene size (bp)

Consensus primers24
MYl 1 GCMCAGGGWCATAAYAATGG Li 448-454*
MY09 CGTCCMARRGGAWACTGATC Li

Nested primers
6B.UP TAACTACATCTTCCACATACACC 6819 239
6B.DN GACAGGTAATGGCCTGTGACTGC 7058
1 lUP AAATATGACACTATGTGCATCTGTG 6781 286
1 l.DN TTTCTT-TTCAGGTGTGGGTTTC 7067
16.UP TACTAACTTTAAGGAGTACC 6707 223
16.DN GTGTATGTTTTT1-l-lGACAAGCAATT 6930
18.UP CCAAATTTAAGCAGTATAGC 6688 193
18.DN TTGTACAAAACGATATGTATCCA 6881
31.UP AACAGTGATACTACA'l'AAAAG 6602 237
31.DN GACATGTAATGGCCTGTGAGGTG 6839
33.UP AGTGACAGTACATATAAAAATGA 6641 214
33.DN GTAACAAACCTATAGGTATCCTG 6855

1-globin first primers25
GH20 GAAGAGCCAAGGACAGGTAC 62060 267
PCO4 CAACTTCATCCACGTTCACC 62277

3-globin nested
primers
Betgl.up AGCCACACCCTAGGGTTGGC 62060 139
Betgl2.dn CTGTTTGAGGTTGCTAGTGA 62199

Explanations:
M = A or C
R = A or G
W = A or T
Y = C or T
* depending on the type ofHPV subtype.
UP = upstream, DN = downstream.

protein acts differently by promoting its degra-
dation via the ubiquitin pathway.'4 In either
case, inhibition of the function of the wild type
p53 protein by these proteins leads to uncon-

trolled proliferation and eventual transforma-
tion of the cells.
HPV is found in most anogenital

carcinomas'5-'7 and is also present in pharyn-
geal, laryngeal, and bladder carcinomas.'8 9

Bronchial squamous cell carcinomas have been
shown to contain HPV sequences in 20% of
cases.20 HPV infection is considered to play an

important part in the aetiology of cervical car-

cinomas by inactivating the p53 protein.'7
There is also a subgroup of cervical carcinomas
which are HPV negative and which tend to be
more aggressive than the HPV positive ones.2'

Unlike the HPV positive carcinomas these

tumours frequently present with a mutated
p53 protein.2' Cervical carcinomas thus show
an inverse relationship between HPV DNA
positivity and the expression of mutated p53
protein. Such an inverse relationship has also
been found in pharyngeal and laryngeal
carcinomas."'
To explore the relationship between the

presence of HPV DNA and p53 protein
detected by immunohistochemistry in lung
tumours we analysed 43 different cases of lung
carcinoma by in situ hybridisation and
polymerase chain reaction (PCR) for the pres-
ence of HPV DNA of the subtypes 6, 11, 16,
18, 31, and 33. p53 protein expression was

immunohistochemically analysed using a poly-
clonal antibody CM-1 raised against the wild
type p53 protein which also detects the
mutated protein, and with a monoclonal Pab
240 which only detects the mutated p53
protein.

Methods
TUMOUR MATERIAL
Forty three lung carcinomas were retrieved
from the files of the Department of Pathology,
Oulu University Central Hospital for the year
1986 . All the material was fixed in 10% buff-
ered formalin and embedded in paraffin. The
lung tumours were classified according to the
WHO International Classification of Lung
Tumours.22 The diagnoses of the cases were
based on a light microscopic examination using
haematoxylin and eosin and periodic acid-
Schiff stains. Selected cases were also stained
by the silver nitrate method of Grimelius. The
tumour material consisted of 28 squamous cell
carcinomas, 12 adenocarcinomas, and three
small cell carcinomas. The diagnoses and the
grades of the tumours are shown in table 2.
The full case histories were re-evaluated from
the medical records of the patients.

IN SITU HYBRIDISATION FOR HPV
Nucleic acid in situ hybridisation for the HPV
types 6, 11, 16, 18, 31, and 33 was performed
using non-radioactively labelled DNA probes
and a commercially available hybridisation kit
(Biohit, Helsinki, Finland) following the
manufacturer's instructions. The deparaffin-
ised and rehydrated 3-5 gm sections were first
digested with proteinase K (final concentration
500 ,g/ml) at 37°C for 15 minutes, rinsed with
phosphate buffered saline (PBS), and dehy-
drated. Hybridisation probes (20-40 tl/
section) were applied on the slides and the
DNA was denatured at 93°C. The sections
were hybridised in a humidified chamber at
50°C overnight. After hybridisation the sec-
tions were washed with sodium chloride/
sodium citrate (1 x SSC) (2 x 5 minutes at
60°C and 1 x 5 minutes at room temperature).
Thereafter, 20-40 gl of the detection reagent
(alkaline phosphatase conjugated to streptavi-
din) was applied to the sections (20 minutes at
37°C) which were washed with Tris-buffered
saline (TBS) (3 x 3 minutes). The slides were
then incubated for 45 minutes at 370C in the
substrate solution (600 gl nitroblue tetra-
zolium in dimethyl formamide and 600 ,l 5-
bromo-4-chloro-3-indolylphosphate in di-
methyl formamide) in 200 ml TBS, whereafter
the slides were washed in distilled water, coun-
terstained with Carbo-Fucsin (four minutes at
room temperature), rinsed briefly in absolute
ethanol and xylene, and mounted with Eukitt
(Kindler, Freiburg, Germany).
As a positive control we used slides with

acetone-fixed CaSki cells containing HPV 16
DNA (approximately 500 copies/cell) included
in the kit and cervical samples shown to be
positive for each of the HPV subtypes tested.23
Biotinylated pBR322 DNA, which was also
included in the kit, was used as a negative con-
trol probe.

POLYMERASE CHAIN REACTION FOR HPV
Five to 10 sections, 10-20 gm thick, were cut
from each tissue sample with clean disposable
knives and placed into Eppendorf tubes. After
removing paraffin with xylene and ethanol
series, the tissues were digested with proteinase
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Human papillomavirus DNA and abnormal p53 protein in lungcarcinoma8

Table 2 The results of in situ hybridisation for the presence ofpapillomaviral DNA andp53 immunohistochemistry in
lung carcinomas

Papillomaviral subtype Tumour
type and

Case no 6 11 16 18 31 33 grade CM-i Pab240

1 - - - - - SQIII
2 +++ +++ (+++) +++ SQIII +++ +
3 - - - - SQIII ++
4 - - - - ++ + SQIII
5 - - - - SQIII
6 - - - - SQIII ++ +
7 - - - - (++) ++ SQIII + +
8 - - - - - SQIII ++
9 - - - - - - SQIII +++ +
10 - - - - - - SQII +++ +
11 - - - - - - SQII +++ +
12 - - + - - - SQII +++ +
13 - - - - - SQII
14 - - - - - SQII ++++ +
15 - - - - - SQII + -
16 +++ (+++) ++ ++ +++ +++ SQII
17 +++ (+++) +++ +++ (+++) +++ SQII
18 - SQII
19 - - - SQII ++
20 SQII +++
21 + (+++) +++ +++ +++ (+++) SQII
22 ++ (++) + SQI
23 - SQI ++ +
24 - - SQI
25 - - - SQI
26 + (+) - - SQI
27 - - SQI ++ +
28 - - - SQI +++ -

29 - - - ACIII
30 +++ +++ (+++) (+++) +++ ACITI -
31 - - ACIII + -

32 - - - ACIII ++ -

33 - - - - - - ACIII + -

34 - - - - - ACIII -

35 - - - - - ACIII - -

36 - - - - - ACIII -

37 - - - ++ - ACIII -

38 - - ACII ++ +
39 - +++ (+++) (+++) (+++) - ACI -
40 - (++) (+++) ++ ACI
41 - - - SCC ++++ +
42 - - SCC
43 - - - - SCC

SQ = squamous cell carcinoma; AC = adrenocarcinoma; SCC = small cell carcinoma.
HPV DNA: + = HPV DNA present in 1-10% of neoplastic cells by in situ hybridisation and confirmed by PCR, ++ = HPV
DNA present in 11-40% of neoplastic cells by in situ hybridisation and confirmed by PCR, +++ = HPV DNA present in > 40%
of neoplastic cells by in situ hybridisation and confirmed by PCR, (+) = HPV DNA present only by in situhybridisation, -=
HPV DNA absent by in situ hybridisation; p53 CM-1 immunohistochemistry: -= negative, + = 1-5%, ++ = 6-10%, +++ =
11-39%, ++++ = > 40% of cells positive; p53 Pab240 immunohistochemistry: + = positive, -= negative; III = poorly, II =
moderately, I = well differentiated carcinoma.

K (200 gg/ml) in 1% Tween-20, 20 mM Tris
(pH 8.5), and 0.4 mM EDTA at 37°C for a

minimum of one day. Genomic DNA was iso-
lated by phenol-chloroform extraction and
ethanol precipitation and dissolved in 50 jtl

sterile distilled water.
HPV genomic DNA without specifying the

subtype was first amplified with consensus

primers MY1 1-MY09 (table 1),24 after which
the HPV subtype was further identified by a

second amplification with type-specific nested
primers (table 1). The 100 glPCR reaction
mixture consisted of 1 gl (usually 10 ,ug) of
genomic DNA as a template, 0.1 mM of each
dNTP, 15 nM of each of the primers, 2.5 units
of Taq DNA polymerase (Promega, Madison,
Wisconsin, USA), 4 mM MgCl2, 50 mM KC1,
10 mM Tris-HCl pH 9.0, and 0.1% Triton
X-100, and overlaid with two drops of mineral
oil (Sigma Chemical Co, St Louis, Missouri,
USA). The amplification reaction was carried
out in a Minicycler Model PTC-150 (MJ
Research Inc, Watertown, Massachusetts,
USA) by 40 cycles consisting of three steps:
denaturation at 94°C for 30 seconds, annealing
at 55°C for one minute, and extension at 74°C
for two minutes. A second PCR with HPV

subtype-specific nested primers (table 1) was
then performed under the same conditions
(except that the annealing temperature was
63°C and fewer cycles were tested for several
samples) using 1 ,ul of the amplification
product from the first PCR as a template. 20 [tl
of the final reaction mixture was loaded onto
3% agarose gels (one part LE agarose and
three parts Nusieve GTG agarose, FMC
Bioproducts, Rockland, Maine, USA), stained
with ethidium bromide, and photographed
under ultraviolet light.
To exclude false negative results part of the

0-globin gene in all samples was also amplified
with two sets of specific primers (table 1).2
Plasmids containing the HPV genome of
subtypes 6, 11, 16, and 18 (kindly provided by
Dr Harald zur Hausen, DKiFZ, Heidelberg,
Germany), 31 (kindly provided by Dr Attila
Lorincz, BRL Life Technologies Inc, Gaithers-
burg, Maryland, USA), and 33 (kindly pro-
vided by Dr Gerard Orth, Pasteur Institute,
Paris, France) were amplified to form a positive
control, while for a negative control sterile dis-
tilled water was substituted for the template
DNA. To minimise the risks of contamination
strict precautions were taken during sample
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cutting, extraction of genomic DNA, and
pipetting the PCR reactions. For example, for
cutting of tissue sections clean disposable
knives were used, and a laminar hood with
aerosol resistant tips was used for pipetting of
all reactions (ART, Molecular Bio-Products
Inc, San Diego, California, USA).

IMMUNOHISTOCHEMICAL STAINING
Five ,um sections were cut from the specimens
and placed on poly-L-lysine coated slides
(Sigma Chemicals, St Louis, Missouri, USA).
The sections were then dewaxed in xylene and
rehydrated in graded alcohol. The endogenous
peroxidase was consumed by immersing the
sections in 0.1% hydrogen peroxide in absolute
methanol for 20 minutes. Non-specific binding
was blocked by incubating the slides in 20%
fetal calf serum in PBS for 20 minutes.
For p53 immunostaining the avidin-biotin-

peroxidase complex method was used.26 Two
antibodies were used for detection of the p53
protein: a polyclonal rabbit anti-human p53
antibody CM-1 (Novocastra Laboratories,
Newcastle upon Tyne, UK) which recognises
both wild type and mutated p53 proteins, and
a mutation specific monoclonal mouse anti-
human antibody Pab 240 (Santa Cruz Biotech-
nology, Santa Cruz, California, USA) which
recognises the epitope spanning amino acids
213-217 of the protein.27 28 With CM-1 the
sections were first incubated with the primary
antibody (dilution 1:1000) at 4°C overnight,29
followed by a biotinylated anti-rabbit antibody
(dilution 1 :100) (Dakopatts, Copenhagen,
Denmark) and the avidin-biotin-peroxidase
complex (Dakopatts). With Pab 240 (dilution
1:25) the primary antibody was also incubated
overnight at 4°C, after which a secondary rab-
bit anti-mouse antibody (dilution 1:100) was
used followed by the avidin-biotin-peroxidase
complex. Careful rinses were performed with
both methods, with several changes of PBS
between each stage of the procedure. The col-
our was developed with diaminobenzidine,
whereafter the sections were counterstained
lightly with haematoxylin and mounted with
Eukitt (Kindler, Freiburg, Germany).

Negative control stainings were carried out
by substituting non-immune rabbit (CM-1) or
mouse (Pab 240) serum for the primary
antibody. As a positive control for the p53
staining, a case of lung carcinoma previously
shown to be strongly p53 positive was used.29

ANALYSIS OF RESULTS
For the HPV in situ hybridisation the tumours
were evaluated on the basis of the occurrence
of labelling in the nuclear or cytoplasmic com-
partments on a semiquantitative scale, and
divided into four groups according to the
number of labelled neoplastic cells as follows: -
= negative; + = 1-10% of labelled cells (all
cases in this group showed more than 5% of
labelled cells); ++ = 11-40% of labelled cells;
+++ = > 40% of labelled cells.
p53 immunostaining with the polyclonal

CM-1 antibody was evaluated on a semiquan-
titative scale and divided into five groups
according to the number of positive nuclei of

Figure 1 In a grade III adenocarcinoma (case 30),
hybridised for the papillomavirus subtype 16, strong
labelling both in the nuclear and cytoplasmic compartments
can be seen (in situ hybridisation, magnification x210).

the neoplastic cells as follows: - = negative; +
= 1-5% of cells positive; ++ = 6-10% of cells
positive; +++ = 11-40% of cells positive;
++++ = > 40% of cells positive.
p53 immunostaining with the monoclonal

Pab 240 antibody was evaluated as positive
( + ) or negative (-) according to the presence
or absence of nuclear immunostaining in
tumour cells.

STATISTICAL ANALYSIS
The significance of the associations was deter-
mined using Fisher's exact probability test.

Results
IN SITU HYBRIDISATION
The results are summarised in table 2.
Thirteen carcinomas (30%) were positive for
HPV DNA by in situ hybridisation (table 2; fig
1), nine of which were squamous cell carcino-
mas and four adenocarcinomas. Multiple HPV
subtypes were detected in 11 tumours without
any clustering of any particular subtype. In all
cases HPV DNA was found in both the nuclear
and the cytoplasmic compartments, and in
most of the cases more than 40% of the
neoplastic cells showed labelling for HPV
DNA (table 2). In some cases a weak labelling
for HPV DNA was observed in some type II
pneumocytes and a few alveolar macrophages
outside the tumour.

COMPARISON OF PCR FOR HPV DNA AND IN SITU
HYBRIDISATION
Only two out of 26 cases (8%, cases 4 and 17)
showed amplification by PCR with consensus
primers. However, by a second PCR with type-
specific nested primers 69 out of 152 com-
pleted reactions (45%) of PCR amplification
products showed the presence of some subtype
(fig 2). In 29 out of 45 cases of subtype positiv-
ity shown by in situ hybridisation PCR was
able to confirm the results. Even though the
second PCR by nested type-specific primers
was clearly a more sensitive method for reveal-
ing the presence of HPV DNA, there was
significantly more HPV positivity by a second
PCR among cases which were also positive by
in situ hybridisation (p = 0.01).
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Figure 2 A tpical PCR reaction with type-specific nested
HPVprimers for case 21 (see table 2). Lanes 1 and 9, 100
base pair DNA ladder; lane 2, a negative control; lane 3,
HPV subtype 6; lane 4, HPV subtype 11; lane 5, HPV
subtype 16; lane 6, HPVsubtype 18; lane 7, HPV subtype
31; lane 8, HPVsubtype 33. The size of each amplified
PCR product corresponds to the predicted size given in
table 1.

PCR by 0-globin primers gave a positive
result in every case, indicating successful
amplification of the genomic DNA in the sam-
ples and excluding false negative results. The
amplification of sterile water gave consistently
negative results, evidence against contamina-
tion ofDNA during the procedure.
P53 IMMUNOHISTOCHEMISTRY AND ITS
ASSOCIATIONS
Twenty one of the 43 tumours (49%) showed
positive staining for the p53 protein with the
CM-1 antibody (fig 3), of which 16 were
squamous cell carcinomas, four adenocarcino-
mas, and one a small cell carcinoma, represent-
ing 55%, 33%, and 33%, respectively, of the
tumours in the different histological categories.
Eleven of the 13 HPV positive carcinomas
(85%) were p53 negative as assessed by in situ
hybridisation and confirmed by PCR. Thus,
there was a significant inverse relationship
between the presence of HPV DNA and
immunohistochemically detectable abnormal
accumulation of the p53 protein in the lung
carcinomas (p < 0.05; table 3). All cases
showing positivity for the Pab 240 antibody
were also CM-1 positive. Pab 240 positivity
was found in 12 cases, thus 57% of the CM-1
positive tumours were Pab 240 positive. There
was a statistically significant association be-
tween CM-1 positivity and Pab 240 positivity
(p < 0.05).
No positive staining was seen in non-

neoplastic cells in any of the sections examined
with either antibody.

Neither the presence of HPV DNA nor p53
positivity was associated with tumour size, the

Table 3 The presence ofHPVDNA in relation to positive
p53 immunohistochemistry

HPVDNA p53 (CM-V) Total

Positive Negative

Positive 3 10 13
Negative 18 12 30
Total 21 22 43

p = 0.028 according to Fisher's exact probability test.

Figure 3 In a grade III adenocarcinoma (case 32)
stainedfor the p53 protein strong nuclear positivity can be
seen (immunoperoxidase stain, magnification x210).

presence of lymph node metastases, or the
prognosis determined as the patient's
progression-free survival (data not shown).

Discussion
In this study a statistically significant inverse
relationship was found between the presence of
HPV DNA and abnormal accumulation ofp53
protein, which indicates that there is a
non-random concentration of HPV positive
cases in tumours with no p53 protein detect-
able by immunohistochemistry. The accumu-
lation of HPV DNA positivity in p53 negative
tumours suggests that HPV infection gives this
group oftumours a selective growth advantage.

In previous studies it has been shown that
the E6 protein encoded by the HPV virus is
able to bind to wild type (normal) p53
protein.14 This binding leads to a rapid
degradation of the p53 protein. Part of the
transforming capacity of the HPV virus resides
in this capacity to degrade wild type 53, since
p53 takes part in the control of cell prolifera-
tion and repair ofDNA damage. The presence
of HPV infection may thus lead to a functional
inactivation of p53 protein in the absence of a
true p53 mutation. Even though we could not
measure the half life and concentration of the
wild type p53 protein in our samples, the pres-
ence of HPV DNA in these cases indirectly
suggests that such an inactivation of the
protein is taking place. Thus, the most likely
explanation for the inverse relationship be-
tween p53 immunohistochemistry and HPV
DNA findings is that, in cases where there is a
p53 gene mutation, the mutation itself, by
functionally inactivating the p53 protein, leads
to a putative neoplastic transformation of the
tumour cells. In the case of an HPV infection
the production of the E6 protein leads to a
rapid degradation of the p53 protein so that it
cannot function normally, and this may then
lead to a neoplastic transformation.
HPV DNA was detected in 13 of our 43

cases of lung carcinoma by in situ hybridisa-
tion, and in all 13 cases the results could be
confirmed by PCR for most HPV subtypes.
Some cases, however, remained unconfirmed
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(table 2). Such cases are possibly due to a cross
reaction between probes of different HPV sub-
types in in situ hybridisation experiments and
thus represent false positive results. In line with
this, these cases were always found in tumours
showing some other subtype HPV DNA in in
situ hybridisation which could be confirmed by
PCR (table 2).
Many samples showed positive amplification

on PCR but were negative on in situ hybridisa-
tion. This suggests that at least a small copy
number of HPV DNA might be more widely
present in lung carcinomas than the results of
in situ hybridisation suggest. In some cases in
situ hybridisation also revealed some faint
labelling in neighbouring type II pneumocytes
and alveolar macrophages. It is thus possible
that some amplified HPV DNA derives from
these sources and not from the tumour cells
themselves. Because of this, we only considered
significant cases with positive in situ hybridisa-
tion signals in tumour cells complemented
with positive PCR results. Even though this
may underestimate the frequency of HPV
DNA in lung tumours, it excludes the false
positive results ofPCR caused by neighbouring
non-neoplastic cells and reveals only cases with
a high copy number ofHPV DNA which prob-
ably are biologically more relevant.

In a previous investigation HPV DNA was
found in 30% of the squamous cell carcinomas
of the lung.20 In a recent study HPV type 18
was found in 9% of lung adenocarcinomas.30
Our results, which show HPV DNA in both of
the main histological types of lung tumours,
are in line with these investigations and suggest
that HPV infection may take part in the devel-
opment of lung carcinomas. The putative
mechanism for such a transformation resides
in the function of the HPV proteins E6 and E7
which are able to bind the protein products of
the tumour suppressor genes p53 and the
retinoblastoma protein, respectively.3' Differ-
ent HPV subtypes, however, show different
binding properties to these proteins; the E6
protein of HPV 16 and 18 associates strongly
with the wild type p53 protein in vitro, while
that of HPV 6 and 11 associates weakly or not
at all.3' In line with this, cervical lesions
containing HPV 6 or 11 infrequently progress
to cervical carcinomas, while HPV 16 and 18
involve a high risk for malignant progression.'7
Even though in our material there was no con-
vincing clustering of the HPV subtypes 16 and
18 in lung carcinomas, 11 out of 13 cases
(84%) contained one of the so-called malig-
nant HPV subtypes (16, 18, 31, or 33) in the
tumour cells. All these HPV subtypes are
known to have a risk for malignant progression
in cervical carcinomas.323

It has been shown that 51% of lung tumours
contain a p53 gene mutation;34 80% of the p53
gene mutations are point mutations leading to
a stabilised mutated p53 protein which can be
detected by immunohistochemistry.35 Thus,
p53 immunohistochemistry gives a good ap-
proximation of p53 mutations in general, even
though it does not detect deletions, non-sense
mutations, or frameshift mutations which lead
to a production of a truncated protein or to an

absence of the protein.34 3 Our results, which
show p53 positivity in 49% oflung carcinomas,
are well in line with the previous immunohisto-
chemical and mutation data on lung carcino-
mas. 2 34 We also performed immunohisto-
chemical analysis with a monoclonal antibody
Pab 240 which only recognises mutated forms
of the p53 protein. Positivity was shown by
57% of the CM-1 positive cases but none of
the negative cases. Since Pab 240 only
recognises epitopes 213-217 of the p53
protein, 7 28 it probably detects only those
p53 gene point mutations which cause confor-
mational changes in this region and conse-
quently cannot detect all mutations. The fact
that there were no cases positive for Pab 240
and negative for CM-1 shows that the CM-1
antibody is sensitive enough to detect all cases
revealed by the Pab 240 antibody.

In three cases a simultaneous presence of
HPV DNA and p53 positivity was found. This
can be explained by the resistance of some
mutant forms of p53 to E6 mediated degrada-
tion.36 It further shows that HPV infection can
take place in cells which already have a p53
mutation. HPV infection might still have some
significance in these cases since HPV E7
protein is able to degrade the Rb protein and
might in this way participate in the neoplastic
process.

It is a widely accepted view that human pap-
illoma viruses localise solely in the nuclei of the
infected cells. In our study, however, the HPV
positivity was localised in both the nuclear and
the cytoplasmic compartments in all cases.
This was also observed in our recent in situ
hybridisation study of HPV DNA in bronchi-
oloalveolar carcinoma.37 It is possible that our
double stranded DNA probes hybridise, not
only with viral DNA in nuclei, but also with
cytoplasmic mRNA of HPV. This idea is
supported by a recent study by Kinoshita et aP°
which showed the presence of HPV E6-E7
mRNA transcripts in lung carcinoma.

In conclusion, our data show that HPV
DNA is present in a high proportion of lung
squamous cell and adenocarcinomas. The
inverse relationship between HPV infection
and abnormal accumulation of p53 protein
suggests that p53 is important in lung carcino-
genesis and that HPV may contribute to it by
binding and inactivating the p53 protein.
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