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Abstract. Human papillomavirus (HPV) has been found in
lung cancer cases with variable frequency. In the present
study, we analysed a series of 38 patients with non-small cell
lung cancer (NSCLC) (21 paraffin-embedded archival samples
and 17 fresh surgical specimens) for the presence of E6 and
E7 oncogenes of HPV16, 18 and 31. Eight of the tumours
were positive (21%): six HPV16, one HPV16+18, and one
HPV31. The normal tissue surrounding the HPV-positive
tumour was negative for the presence of the virus. Sequencing
analysis of URR, of HPV 16, which was the most frequently
found HPV type in our cases, showed an adenosine deletion
at nucleotide 7861 (E2-binding site) in four out of six patients.
Sequencing of the entire E6 and E7 genes of HPV16 showed
a T to G transition at nucleotide position 350 of E6, in all
examined cases. This mutation is associated to the European
variant of HPV16. Analysis of E6 and E7 transcripts was
performed on the six fresh surgical specimens infected by
HPV16. Our study showed that all of the tumours investigated,
except one, contained E6 and E7 transcripts. Only in one
case could we identify an unspliced form of the E6 transcript.
Our results strengthen the relationship between HPV and
NSCLC and support the hypothesis that HPV infection could
play a role in bronchial carcinogenesis.

Introduction

HPYV is the single most important human tumour virus, and it
has been estimated that some 15-20% of all human malig-
nancies could be related to oncogenic HPV (1-4). The key
oncogenic mechanisms of HPV are mediated by its ability to
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interfere with the cell-cycle and tumour suppressive functions
of the cell through its oncoproteins, E6 and E7, that inactivate
p53 and Rb proteins, respectively (3-6).

It is currently agreed that certain oncogenic types of human
papillomavirus (HPV) are the prime etiological agents of
carcinoma of the uterine cervix (1,2). Data have accumulated
implicating the involvement of HPV in squamous cell tumours
at other mucosal sites such as the oral cavity, oesophagus, sino-
nasal tract, larynx and bronchi (2).

Lung cancer is the leading cause of cancer-related death
in Western countries (7). Cigarette smoking, exposure to
asbestos and environmental pollution are considered the most
important risk factors for lung cancer. These risk factors cannot
explain all lung cancer cases, however, and there remains a
niche for other potential risk factors, as suggested several
years ago (8). The possible involvement of HPV in bronchial
squamous cell lesions was first suggested in 1979 by Syrjédnen,
who described epithelial changes in bronchial carcinomas,
closely resembling those of established HPV lesions in the
genital tract, e.g. exophytic and flat condylomas (9,10).
However, reports concerning the HPV detection in lung
tumours show several discrepancies. Several studies reported
the presence of HPV-DNA within tumours with variable
frequency (11-18). HPV16 and 18 genotypes were the most
frequently found in lung tumours. However, some other
authors didn't find HPV-DNA in lung tumours and tended to
exclude any associations between HPV and these tumours
(19,20). This negativity, however, could be due to an in-
adequate choice of primers or a different sensibility of the
techniques used. Moreover, where PCR is concerned, we must
take into account that, in the case of HPV, the integration
part of the L1 gene could be lost beside the E2 gene. For this
reason, the MY09/MY 11 primers, usually used during the
screening, could be inadequate. We must also consider that the
presence of HPV in lung tissue could be due, at least in some
cases, to transit via the bloodstream of the virus from other
infected sites. In support of this possibility, there is evidence
of HPV in the blood of women with cervical infections (21).

The aim of this study is to investigate the role of HPV in
lung carcinogenesis. Considering the information reported
above, we screened a series of non-small cell lung cancers
(NSCLC) for the presence of E6 and E7 oncogenes and their
transcripts.
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Table I. Key characteristics of the patients.
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Patients Age Gender Smoker  Surgical resection Histology Grade  Stage Vascular
invasion
1 71 male yes lobectomy squamous 3 IA no
2 56 male yes lobectomy adenocarcinoma 3 1A no
3 71 male yes pneumonectomy squamous 2 IA yes
4 69 male yes pneumonectomy squamous 1 IA no
5 55 male yes lobectomy squamous 2 IA no
6 41 male yes pneumonectomy squamous 3 1A no
7 68 male yes lobectomy squamous 1 IA yes
8 71 male yes pneumonectomy squamous 2 IA no
9 65 male yes lobectomy adenocarcinoma 1 IA yes
10 56 male yes minimal squamous 3 IA no
11 49 male yes pneumonectomy squamous 3 IA yes
12 53 female no pneumonectomy large cells 3 IA no
13 60 male yes lobectomy adenocarcinoma 3 IA no
14 49 male yes pneumonectomy adenocarcinoma 3 1A yes
15 58 male yes minimal adenocarcinoma 2 IA no
16 70 male yes pneumonectomy adenocarcinoma 3 IA no
17 68 male yes lobectomy squamous 2 IA no
18 70 male yes lobectomy squamous 3 1A no
19 62 male yes pneumonectomy adenocarcinoma 2 IA no
20 35 female yes lobectomy adenocarcinoma 3 IA no
21 65 male yes lobectomy anaplastic 3 1B yes
22 62 female yes lobectomy anaplastic 3 11B yes
23 70 male yes lobectomy anaplastic 3 IIB yes
24 71 male yes lobectomy adenocarcinoma 3 1B yes
25 69 male no lobectomy adenocarcinoma 3 IA yes
26 74 male yes minimal adenocarcinoma 3 1A no
27 81 female no lobectomy adenocarcinoma 2 IA no
28 61 male yes NA squamous 3 IB no
29 76 male yes lobectomy adenocarcinoma 2 IA no
30 69 male yes pneumonectomy squamous 3 1A yes
31 69 male yes pneumonectomy large cells 2 IB no
32 83 male yes lobectomy squamous 2 IA no
33 75 male yes pneumonectomy squamous 3 IA yes
34 63 male yes lobectomy adenocarcinoma 3 1B yes
35 73 male yes lobectomy adenocarcinoma 3 IA no
36 70 male yes lobectomy large cells 2 IB yes
37 73 male no lobectomy large cells 3 1B yes
38 70 female yes minimal squamous 3 IA no

Materials and methods

Study group. The material of the present study comprises of
tumour samples (21 archival paraffin-embedded biopsies and
17 fresh surgical specimens) from 38 patients with NSCLC,
who had undergone radical surgical treatment for their
disease at the Thoracic Surgery Department of the University
Hospital of Tor Vergata (Rome, Italy). The characteristics of

the patients, their lesions and treatment modalities are
summarised in Table I. The mean age of the patients was 65
years (range 35-83). Of the 38 patients, 33 were men and 5
were women. Smoking history was obtained from all patients
at their admission, and all except 4 were smokers. Tumours
were classified according to their histological type, graded
according to their differentiation level and staged according to
the TNM system. Altogether, 16 tumours were squamous cell
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carcinomas (SCC), 15 were adenocarcinomas (AC), 4 were
large cell carcinomas (LCC) and 3 were anaplastic carcin-
omas (ANC). None of the subjects had received radiation or
chemo-therapy prior to surgery or reported any clinical
history of respiratory papillomatosis. Informed consent
was obtained from all patients at the time of their enrolment.
The ethics committee of the university approved the study
protocol.

Specimen collection. Archival paraffin-embedded sections
from 21 patients with NSCLC were investigated only for
HPV-DNA. Both viral DNA and RNA were investigated in
fresh tissues surgically excised from another 17 patients
affected by non-small cell lung cancer. Normal tissue
surrounding the tumour was used as a negative control. Two
fractions of each tumour, were snap frozen in liquid nitrogen
and stored at -80°C until processing.

DNA and RNA extraction. Lung cancer (5-ym paraffin-
embedded) sections were treated with xylene to remove
paraffin, digested with ATL buffer and proteinase K over-
night at 56°C in a thermo-mixer, followed by DNA extraction
according to the manufacturer's instructions (QIAamp DNA
mini kit; Qiagen, Hilden, Germany).

Frozen specimens were also treated with ATL buffer and
proteinase K, overnight at 56°C and then the lysed samples
were processed for DNA extraction as above. To verify the
quality of extracted DNA from the surgical specimens and
paraffin-embedded tissues, 5 yl of each sample was amplified
with a primer set recognizing the 3-actin gene.

A second fraction of frozen cancer tissue (50 mg) was
homogenized using micropestles (Eppendorf, Italy), then 1 ml
of Trizol (Invitrogen, S.R.L., Italy) was added and total RNA
was extracted following the protocol's instructions. The
absence of DNA in the extracted RNA samples was checked
using primers for the B-actin gene located at the exon 4-intron
5-exon 5 junction (22).

Screening for HPV-DNA positivity and HPV genotyping. The
presence and genotyping of HPV in our samples was
established by a PCR using primers encompassing the E6/E7
region of the most representative high risk HPV genotypes:
16, 18, 31, as described by Fujinaga et al (23). The amplified
product was purified using a High Pure PCR product purifi-
cation kit according to the manufacturer's instructions (Roche
Diagnostics GmbH, Germany) and subjected to fragment
analysis by digestion with 3 units of Avall or Rsal in a final
volume of 20 pl reaction mixture, for 1 h at 37°C. Digestion
products were analysed on a 2% agarose gel, stained with
ethidium bromide and visualised under UV light (23). The
results obtained by fragment analysis have been confirmed
by cloning and sequencing the amplified product as follows:
1 u1 of the E6/E7 PCR product was cloned into pPGEM-Teasy
vector, according to the manufacturer's instructions
(Promega, Madison, USA), and sequenced with the outer
primers, T7 and SP6, using the Big dye terminator v1.1 cycle
sequencing kit (Applied Biosystem, Warrington, UK). The
obtained sequence was matched against the sequences
deposited in GenBank (nucleotide-nucleotide BLAST;
http://www .ncbi. nlm.nih.gov/BLAST).
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Sequencing of HPV16 URR, E6 and E7 genes. Since most of
the cases were positive for HPV 16, this genotype was further
investigated by sequencing. A large fragment of the URR
region (567-bp) of this genotype was amplified with the
sense primer, SUUR16-1 (5'-ATATACTATATTTTGTAG
CGCC-3"), and the antisense primer, AURR-HPV16 (5-TT
TATACTAACCGGTTTCGGTT-3"), under the following
conditions: 94°C, 10 min, 1 cycle; 94°C, 45 sec; 55°C, 45 sec;
72°C, 45 sec, 35 cycles, and a final extension step at 72°C for
7 min. The amplified product was sequenced as described
above.

The entire E6 and E7 genes of HPV16 were amplified
with specific primers encompassing the entire sequence of
these genes: HPV16EG6 sense primer (5'-CGAAACCGGTTA
GTATAAAAGCAGAC-3") (position 51-77 bp); reverse
HPV16E6 (5'-AGCTGGGTTTCTCTACGTGTTCT-3")
(position 555-533 bp); HPV16E7 sense primer (5'-CTGTAA
TCATGCATGGAGATAC-3") (position 554-575 bp), and
reverse HPV16E7 (5-TAGATTATGGTTTCTGAGAACA-3')
(position 862-841 bp). The PCR conditions for the HPV16E6
gene were 94°C, 10 min, 1 cycle; 94°C, 30 sec; 65°C, 30 sec;
72°C, 30 sec, 35 cycles; and for HPV16E7 were 94°C, 10 min,
1 cycle; 94°C, 30 sec; 55°C, 30 sec; 72°C, 30 sec, 35 cycles.
All amplified products were cloned and sequenced as described
above.

Expression of E6 and E7 oncogenes by RT-PCR. This type of
analysis was limited to the six fresh surgical specimens which
harboured HPV 16.

All mRNAs present in 1.5 ug of total RNA extracted
from HPV-positive cases were reverse transcribed with the
oligo-dT primer using the Omniscript kit (Qiagen GmbH,
Germany) in a final volume of 20 ul. The reaction tubes were
incubated at 42°C for 1 h, then at 95°C for 5 min, and then
placed on ice. DNA contamination was excluded by amplifying
the human B-actin gene as reported by Strassburg et al (22).

The presence of E6 and E7 transcripts was evaluated by a
nested RT-PCR strategy as shown in Fig. 1. Primer specificity
was tested using Caski cells and an HPV16 control plasmid
(PMHPV16). A negative control was also included for each
amplification. In experiment A, we investigated the presence
of the E7 transcript in HPV-positive patients. A first round of
PCR was performed with the sense primer, SE7-1 (5'-AT
GCATGGAGATACACCTAC-3"), and the antisense primer,
RE7-1 (5-TAGATTATGGTTTCTGAGAACA-3"), followed
by a second round with SE7-1 and a new reverse primer,
RE7-3 (5'-ACCATCTATTTCATCCTCCTCCTCT-3").

In experiment B, we investigated the presence of the E6
transcripts. For the first round of PCR we used the sense
primer, SE6-1 (5'-CACAGTTATGCACAGAGCTGC-3"),
with the antisense primer, RE6 (5'-GCATGATTACAGCTG
GGTTTCTCTA-3"), located at the end of the gene; position
555-535 bp. A second round was performed using the sense
primer, SE6-2 (5'-ATGTGTGTACTGCAAGCAACAG-3"),
together with the RE6 antisense primer.

In experiment C, we tried to identify the presence of a
transcript containing the E6+E7 sequence. To this end we used
the sense primer, SE6-1, in combination with the antisense
primer, RE7-2 (5'-GAGCTGTCATTTAATTGCTC-3"). The
first round of PCR (4 ul) was reamplified with the same
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Figure 1. The presence of E6 and E7 transcripts was evaluated by a nested RT-PCR strategy. In experiments A and B, we looked for the presence of the E7
and E6 transcripts, respectively. The first and second vertical arrows indicate the beginning and the end of the E6 gene. The third arrow indicates the end of
the E7 gene. The dashed lines delimit the spliced segment of the E6 gene. In experiment C, we investigated the presence of the E6/E7 transcript using primers

encompassing the E6/E7 sequence.

Table II. Patients positive for HPV-DNA using primers
specific for the E6/E7 region of HPV 16, 18 and 31.

Patients Histology HPV type
11 squamous 31

14 adenocarcinoma 16

26 adenocarcinoma 16

27 adenocarcinoma 16

30 squamous 16/18
33 squamous 16

34 adenocarcinoma 16

35 adenocarcinoma 16

antisense primer combined with a new sense primer, SE6-2
(5'-ATGTGTGTACTGCAAGCAACAG-3").

All amplification products were analysed by electro-
phoresis on a 2% agarose gel stained with ethidium bromide
and visualised under UV light. The expected fragment sizes
of the amplification products are reported in Fig. 1.

Results

Identification and sequencing of HPV-DNA. Of the 38 samples
of NSCLC investigated by PCR with primers encompassing

the E6/E7 region of HPV16, 18 and 31, eight were positive
(21%). In all of these cases, parallel PCR analysis of the
surrounding normal tissue gave negative results. The
distribution of the genotypes was as follows: six HPV 16,
one HPV16+18, and one HPV31 (Table II).

URR region, E6 and E7 genes of HPV16-positive cases
were further investigated by sequencing and their sequences
were aligned to the Seedorf sequence (GenBank accession
number NC_001526) and to a control plasmid (pMHPV16),
as shown in Fig. 3. The entire URR region was conserved
except for an adenosine deletion at nucleotide position 7861
(E2-binding site) found in four out of six cases examined.
Sequencing of the entire E6 and E7 genes didn't show any
changes, except a T to G transition at position 350-bp in the
E6 gene.

Detection of E6 and E7 oncogene transcripts. The study of E6
and E7 transcripts was carried out on fresh tissues of HPV16-
positive cases (patients 26, 27, 30, 33, 34, 35). The E6 and
E7 transcripts were investigated using three PCR protocols
(Fig. 1). The patterns of amplification obtained with these
protocols in our patients using Caski cells as a control, were
as follows: the E7 transcript was present in all cases except in
patient 26 (Fig. 2).

Experiment B aimed at identifying the presence of E6
transcripts, and gave a negative result at the first round of RT-
PCR in all patients. In contrast, Caski cells gave the expected
three bands: 414 bp referred to the unspliced transcript, and
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232 and 115 bp referred to E6*I and E6*II spliced isoforms,
respectively. The second round of amplification was still
negative in most of the patients (26, 30, 33, 35). Patients 27
and 34 showed a 365-bp unspliced form and a 183-bp E6*1
isoform, respectively. Again, Caski cells showed the three
expected bands of 365, 183 and 66 bp.
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Figure 2. The results obtained with our patients and Caski cells. Experiment A:
the amplification of the E7 transcript was positive in all cases except one
(Exp. A, patient 27) . Experiment B aimed at identitying the presence of E6
transcripts. While the first round of RT-PCR gave a negative result in all
patients, Caski cells showed three bands of the expected molecular weight:
414 bp (unspliced transcript), 232 and 115 bp referred to E6*I and E6*IL
spliced isoforms, respectively. In the second round, the PCR was again
negative in most of the patients, except patients 27 and 34 who showed a
365-bp fragment (unspliced form) and a 183-bp band (E6*I isoform),
respectively. Again, Caski cells showed the three expected bands of 365,
183 and 66 bp, respectively. Experiment C aimed to identify transcripts
encompassing the E6/E7 region of the HPV16 genome. The first round of
RT-PCR showed the presence of three bands of the expected size in the
control Caski cells corresponding to the unspliced (511 bp), and spliced
isoforms (332 and 215 bp), respectively. Patient samples were negative. A
second round showed a unique band at 166 bp in all patients except two
(patients 26 and 30) corresponding to E6*I, with the control Caski cells
showing a more complex pattern with a prominent band at 166 bp. A control
plasmid was included in order to check the specificity of our amplifications.

In experiment C, we tried to identify transcripts encom-
passing the E6/E7 region of the HPV16 genome. The first
round of RT-PCR of Caski cells showed three bands of the
expected size corresponding to the unspliced (511 bp), and
spliced isoforms (332 and 215 bp), respectively. Patients'
samples were negative. A second round of amplification
showed a complex pattern in Caski cells with a prominent
band at 166 bp. All four patients except two (patients 26 and
30) showed a unique band at 166 bp corresponding to E6*1.

Discussion

A possible role of the oncogenic types of HPV in lung
oncogenesis is suggested by the presence of HPV-DNA in lung
tumours (11-18). The correlation between HPV and lung cancer
was particularly evident in a study of non-smoking Taiwanese
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Figure 3. Sequencing results of the upstream regulatory region (547 bp) and
the E6 gene of HPV16 are reported. An adenosine deletion at nucleotide
position 7861 in the E2-binding site was found in four out of the six patients
examined. Furthermore, all patients presented a T to G transition at
nucleotide position 350 of the E6 gene. This latter mutation is typically
found in the European variant of HPV16. Sequences were aligned to the
reference HPV 16 strain (GenBank accession number NC_001526) and to
our plasmid pMHPV 16.

women affected by lung cancer. In these women the detection
of HPV16 and 18 using nested PCR and in situ hybridisation,
was 73 and 85.5%, respectively.

In the present study, we have investigated the correlation
between HPV and NSCLC in a group of Italian patients, taking
into consideration the following parameters: i) the presence
of E6 and E7 oncogenes in tumours and their absence in
surrounding normal tissue; ii) the expression of E6 and E7
oncogenes as a positive indication of viral activity in tumours.

Regarding the first point, eight of the 38 samples of NSCLC
examined contained E6 and E7 genes (21%): 6 HPV16 alone,
1 HPV16+18, and 1 HPV31. In all positive patients, the virus
was present in the tumour but not in the surrounding normal
tissue. The eight positive samples were represented by six
fresh surgical specimens (five HPV16 and one HPV16+18)
and two paraffin-embedded tissues (HPV16 and HPV31).

Sequencing of E6 showed a T to G transition at nucleotide
position 350 resulting in an amino acid change from leucine
to valine. This change is frequently found in European
individuals infected by HPV16 and it has been correlated to
viral persistence and increased cervical oncogenicity (24,25).
Interestingly, four out of six HPV 16 found in our lung cancer
tumours showed an adenosine deletion at nucleotide position
7861 of one of the E2-binding sites. Since this deletion is
located inside the E2-binding site, an influence on E6/E7
transcription cannot be ruled out.

The expression of E6 and E7 oncogenes has been studied
in six fresh surgical specimens. To our knowledge, only a
study carried out by in situ hybridisation (26) faced the
problem of oncogene transcription in lung tumours. The
transcriptional activity of E6 and E7 oncogenes has usually
been investigated in cervical cancer and HPV transformed
cell lines (27-30). In these studies, the transcription process
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of HPV appears to be quite complex. Both the E6 and E7
oncogenes are transcribed by a common promoter (P97 in
HPV16) by an alternative splicing mechanism. A common
splice donor site at nucleotide 226 and two different splice
acceptor sites at nucleotides 409 and 526 give rise to three
different transcripts. An unspliced E6/E7 transcript encodes
the E6 protein. The E7 protein is instead encoded by the
splicing products, E6*1 (acceptor site at nucleotide 409) and
E6*II (acceptor site at nucleotide 526) (31). A novel promoter
with a major start site around nucleotide 670 (P670) in the E7
ORF was identified in an HPV16 transformed cell line derived
from a vulvar intraepithelial neoplasm (32).

The transcription pattern of our patients was deduced
from three PCR protocols carried out in HPV16-positive
patients and in control Caski cells. Amplification with primers
encompassing the E7 ORF promptly showed the presence of
E7 specific transcripts in five patients as well as in Caski cells.
Only one patient (n. 26) was negative. A more complex pattern
was obtained when the E6 transcription was investigated.
The first round of RT-PCR with primers encompassing the
E6 ORF gave negative results in all patients, while Caski
cells showed the expected pattern of unspliced and spliced
isoforms. In the second round, four patients were still negative,
while patient 27 showed a 365-bp transcript (corresponding
to the unspliced form of E6) and patient 34 a 183-bp transcript
corresponding to the E6*I isoform. The third RT-PCR protocol
carried out with primers encompassing the E6/E7 region
showed a 166-bp transcript in all patients except two (patients
26 and 30). The same major band was also seen in Caski cells
together with two minor additional upper bands. Interestingly,
only in one case (patient 27) could we identify the unspliced
form (365 bp) of E6 transcript. It is important to note that the
synthesis of E6 protein is mainly derived from a bicistronic
mRNA containing full-length E6 and E7 sequences (31).

In conclusion, our study showed that all tumours investi-
gated, except one (patient 26), contained E6 and E7 RNA
transcripts. The absence of viral transcripts in patient 26
could be explained by an accidental presence of HPV-DNA
in the lung or by an inactive status of the virus. The latter
hypothesis seems most likely since HPV-DNA was not found
in the surrounding normal tissue. Collectively, our results
reinforce the relationship between HPV and NSCLC and
support the hypothesis that HPV infections could play a role
in bronchial carcinogenesis.
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