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Abstract The aim of this study was to evaluate the posteadily in both men and women. Lung cancer of the
sible association of human papillomaviruses (HPV) wiguamous type constitutes approximately 35% of the
the development of squamous cell lung carcinomasjor subtypes of lung cancer in men [5]. Smoking is
(SqCLCs). Tissue material from 52 cases of SqCL€snsidered the most important aetiological factor, al-
were studied, and the data were evaluated accordinghtmugh not the only determining criterion for the preva-
the degree of differentiation, HPV presence and typence of the disease, other factors also having possible
Analysis was performed by polymerase chain reactiastiological significance. Carcinogenesis is a multi-step
(PCR) method using consensus primers, and the respitecess, which may involve interactions between onco-
were confirmed by subsequent Southern blot hybridizgenes, tumour suppresor genes (TSG) and oncogenic vi-
tion. Overall, the results showed 69% positivibz32). ruses, including some types of human papillomaviruses
Forty-one cases were examined for the presence of gpHRV) [37].
cific HPV types (6/11 and 16/18) by hybridization of the HPV are small DNA viruses that infect squamous epi-
PCR products wit2P-labelled probes. HPV 6/11 typeshelia. More than 77 different HPV genotypes have been
were detected in 6 of the 29 positive cases (20.6%). HEeMntified, most with specific site (cutaneous/mucosal) or
16/18 types were the most prevalent types, and were ldsion preferences [8]. They have been shown to be in-
tected in 11/29 cases (37.9%: 4/10 of well-differentiatedlved in both malignant and benign tumours. HPV
cases, 6/25 of moderately and 1/6 of poorly differenti@NA is detected in approximately 10% of all human
ed carcinomas). Our results confirm the possibility thaeéoplasms; such viruses may, then, be related to the
HPV might play a role in the development of SqCLCaetiology of a number of tumours [20]. There is strong
and suggest a possible relation of high-risk HPV16/$8pport for the role of specific HPV types in the patho-
types to tumour differentiation. genesis of squamous cell carcinoma of the anogenital

tract, and more than 90% of cervical carcinomas contain
Key words Human papillomaviruses - Squamous cell HPV DNA, usually of the high-oncogenic-risk HPV
lung carcinoma - Polymerase chain reaction - Southerypes 16 and 18 and less frequently of intermediate-risk
blot hybridizatior: HPV types 31, 33 and 35 [15, 38]. DNAs from high-risk
HPV types are frequently integrated into genomic DNA,
and E6/E7 oncoproteins accelerate the cell cycle by inac-
Introduction tivation of tumour suppressor proteins [39].

HPV infection has been reported in dysplasias and

Pulmonary carcinomas are common cause of death freancinomas of several organs, including the skin, penis,
neoplasms, particularly among men, with rates risinglva, oropharynx, and larynx [1, 11, 18]. Despite these
well-recognized associations, very few data are available

géggﬁ?ndeonaooufll%l;t.hgllog?ir&?ﬂ%-ﬁsaaisst&?;ﬂioérb#horacic Disease%Oncerning the possible involvement of HPV in lung
: ; eoplasms. The role of HPV infection in the pathogene-
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cell carcinomas of the lung (SqCLCs). They found f8atures suggestive for HPV association such as alterations remi-
positive for HPV 18, 1 for HPV 16, 1 for HPV 11 and fpiscent of condylomata (evident focally in histologically differen-

A P tiated cases) and individually or dispersed koilocytic tumour cells
for type 6 by in situ hybridization (ISH) [3, 28, 29]. You Fig. 1). Specimens from nonneoplastic peripheral sites and pul-

sen et al., using a similar method but with a larger bafonary lymph nodes without metastasis were used as negative
tery of biotinylated probes, found 31% HPV positivity iontrols. In 26 of the total number of cases the DNA was extracted

primary lung neoplasms [36]. In contrast, Szabo et Bpm paraffin-embedded tumour specimens, while for the rest of

; ; O e cases DNA was obtained from frozen tumour specimens.
and Shamanin et al. found no HPV infection in lung CaW.To extract DNA from frozen specimens, small pieces taken

cer biopsies analysed by means of the polymerase Ch@jf the tumour specimens were minced well and incubated over-
reaction (PCR) [23, 30]. Recent studies using the P@ight at 55°C in 10 mM Tris-HCI, pH 8.0, 10 mM NaCl, 0.25%

method showed variable positivity rates for HPV infe&DS and 20Qug/ml proteinase K. The DNA was extracted with
tion in lung carcinomas. This variability may be attripupficnol/chloroform, ‘precipitated ‘and resuspended IRQuiL4,

ed to the sensitivity and specificity of the method used OFsections (5-10um) from paraffin-embedded biopsies were

to the geographical distribution of the disease [10, Liéed for DNA extraction according to a modification of the meth-
26]. od published previously [34]. Specifically, the sections were incu-
The aim of this study was to evaluate the possible Rated twice with xylene to dissolve paraffin, and once with etha-

L . I. The remaining pellet was resuspended in B06f digestion
sociation of HPV with the development of SqCLCs anf.. containing 25 M TreHal ppH B0, 1 mM EDTA. 0.5%

to determine whether HPV infection was a commomeen 20 and 20Qg/ml proteinase K. The digested products
event in the pathogenesis of SqQCLC. This study repwere extracted with phenol/chloroform, precipitated with ethanol,
sents the first report of HPV detection and typing Afd resuspended in ¢@l. _

SqCLCs biopsies in patients in Greece. For this purp%ZiCR reaction mixtures were prepared according to the protocol

) anos et al. [32]. A 21 DNA sample was amplified in 100l
we examined 52 cases of SqQCLCs by the PCR meth®&ttion mixture containing 1,5 mM MgCl10 mM Tris, pH 8.0,

using consensus primers and followed this by analysis20b pM of each dNTP, 50 pmol of each consensus primer
the PCR products with Southern blot hybridization usiiY09/MY11) and 2.5 U of Taq polymerase. The PCR mixture

_ i _ s overlaid with paraffin oil and subjected to 35 cycles of ampli-
general and type-specific probes for low- (HPV 6/1¥\gtion, consisting in denaturation at 95°C (50 s), annealing at

and high-risk (HPV 16/1_8) HPV typ,esj The results of t_*%%"c (50 s) and extension at 72°C (1 min). Amplification products
study support a possible association of HPV witliere analysed by agarose gel electrophoresis, followed by ethid-
SqCLCs. ium bromide staining and visualization under UV light.

DNAs from recombinant plasmids containing HPVs (6, 11, 16,
18) or extracted DNA from condylomata containing HPV 6/11, as
- determined with ISH analysis, were used as positive controls in
Materials and methods the amplification reaction. Samples containing distilled water or

DNA from pulmonary alveolar tissues and lymph nodes were used
Tissue material from 52 cases of squamous cell lung carcinoraasegative controls. Different steps of PCR analysis, such as sam-
diagnosed in the Pathology Department of Athens Hospital foe preparation and amplification reactions, were performed sepa-
Thoracic Diseases was analysed for the presence of HPV DNdtely to avoid problems of contamination. To exclude false-nega-
These specimens were mostly surgical specimens (48 cas®s),results all specimens were tested for amplification with GH20
while 4 were bronchial biopsies obtained under bronchoscopicd PCO4 primers of tHgglobin gene [2].
guidance. The cases were selected on the basis of histologicaFor Southern blot analysis, 10 of the PCR products and 8
evaluation according to the WHO classification. After careful exf amplified cloned HPV 6, 11, 16, and 18 were separated in 1.5%
amination the specimens were found to contain histopathologiaghrose by electrophoresis, denatured in 0.5 M NaOH, 1.5 M

Fig. 1 Squamous cell carcino-
ma with koilocytic features.
Haematoxylin-eosin stain,
x40C
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NacCl, neutralized in 1.5 M NaCl, 0.5 M Tris, pH 7.2, 0.001 Myrobes of the PCR products amplified with consensus
EDTA and transferred to a nylon membrane filter (Hybond Nhyrimers. The specimens were classified as follows: those

Amersham) overnight in 2xSSC. Filters were incubated for 2 h e
55°C in prehybridization solution containing 6xSSC, SXDer]iﬁtat gave no HPV amplification products detectable by

hardt’s, 0.1% SDS and 1Q@/ml salmon sperm DNA. Hybridiza- €l electrophoresis or by hybridization (HPV negative),
tion was carried out in the same buffer for 4 h at 55°C, with thleose whose PCR products were detectable with the gen-
adgitci;ogzg)f létjbflled prob}f?, miX-bO|ig(f\>/|n¢Jf|290,\t/i|$el 3Dr&t§1£ﬂi>\<,v %G7Péral probe but not with any of the type-specific probes
an and type-specific probes , , , ;

for the PCR products of HPV 6, 11, 16, and 18 respectively, WLXH esumably ~ reflecting HPV  types = other than
end-labelled with \-32P] ATP using T4 polynucleotide kinaserPV6/11/16/18), and those that yielded PCR products
(USB). Membranes were washed twice for 15 min in 2xSSdetectable with both the general probe mix and with the
0.1% SDS at 50°C for hybridization with the general probes andylpe-specific probes.

56°C or 58°C for MY12/MY13- and for MY14/WD74-specific Specifically, HPV DNA was detected in 36 out of 52
probes respectively. Autoradiography was performed for 3 h or !

24 h on Kodak XR-Omat film, using an intensifying screen 4@5€S (69%). Twenty-one cases (40%) showed the pres-
—70°C. It should be noted that hybridization with the specifegnce of HPV DNA sequences by PCR after ethidium

probes was carried out using the same membrane. The memblmmnide stained agarose gel electrophoresis of PCR
was first hybridized with HPV 6/11 probes and then rehybridiz«iﬁoducts (data not shown). However, 15 other specimens

with HPV 16/18 probes. . T
The data were evaluated according to the following variable¥!0Wed positivity only when Southern blot hybridization

degree of differentiation, HPV presence and HPV 6/11 and HiWAsS performed using the general probe mix GP1 and
16/18 types. As 49 of the 52 cases referred to male patientsGi82. HPV DNA sequences were detected in 6 out of 8

evaluation was needed regarding the sex of the patients. poorly differentiated, in 22 out of 32 moderately differ-
entiated and in 8 out of 12 well-differentiated SqCLCs.
There was an equal distribution of HPV sequences in
Results samples taken from frozen<19) and those taken from
paraffin-embedded tissua<17).

Tissue material from 52 cases of SqQCLC of various de-From the total number of cases, 41 specimens were
grees of differentiation was analysed by PCR analysigamined for the presence of specific HPV types (6/11
combined with Southern blot hybridization for the preand 16/18) by hybridization of the PCR products with
ence of HPV DNA sequences. Table 1 shows the degtg®|abelled probes. HPV 16/18 was detected in 4 out of
of differentiation of the study cases and the results bag@dwell-differentiated cases (40%), and in 6 of 25 mod-
on the hybridization with general and type-specifigrately (24%) and in 1 of 6 poorly differentiated cases

Table 1 Differentiation and results based on hybridization with general and type-specific probes of PCR products amplified with con-
sensus primersND not done, 1-26 frozen samples, 27-52 paraffin samiples)

Case Degree of HPV Papillomavirus type Case Degree of HPV Papillomavirus type
no. differentiation status no. differentiation status
6/11, 16/18 6/11 16/18

1 Poor + - + 27 Well + - +

2 Well + +a +a 28 Moderate + - -

3 Moderate + 2 +a 29 Moderate + + -

4 Poor + - - 30 Moderate - - -

5 Poor + + - 31 Moderate + + -

6 Moderate + - - 32 Moderate + - +

7 Moderate - - - 33 Poor + -

8 Moderate + - - 34 Moderate + - +

9 Moderate - - - 35 Moderate - - -
10 Well + - + 36 Moderate - - -
11 Well - - - 37 Moderate + - +
12 Moderate + - - 38 Moderate - - -
13 Moderate + - - 39 Well - - -
14 Moderate + - - 40 Moderate + - +
15 Well + - - 41 Moderate + + -
16 Poor - - - 42 Moderate + ND ND
17 Moderate - - - 43 Moderate + ND ND
18 Poor + - - 44 Moderate - ND ND
19 Well + - - 45 Poor + ND ND
20 Well + - + 46 Well - ND ND
21 Moderate + - - 47 Well + ND ND
22 Well + - - 48 Moderate - ND ND
23 Moderate + - - 49 Poor - ND ND
24 Moderate + - + 50 Moderate + ND ND
25 Moderate - - - 51 Moderate + ND ND
26 Well - - - 52 Moderate + ND ND

aMixed 6/11 and 16/13
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Fig. 2A, B Southern blot hybrid-

ization of PCR amplified DNAs A
from squamous cell lung carcinom
specimens, using GP1/GP2 probe

after A) 3 h and B) 24 h exposure.
Type-specific hybridizationQ)

with HPV 16/18 and®) with HPV v
6/11 probe mixture after 24 h expc
sure.Lanes 1-13pecimens from
patients]ane 14HPV6/11-positive B
sample processed in the same wa

as the lung specimens and used &

positive controljane 15negative X
PCR controljanes 16, 1HPV 16 .
and HPV 18 plasmid DNA, respec (il
tively. Lane 18HPV 6/11-positive
sample A, B). Hybridization with 7 “ - =

type-specific probeswas performe 1 9 34 56 78 9N RBUBBT B 123 456789000 TFUBB T
using the same membrane, i.e. hy

bridized with HPV 6/11 probe mix-

ture ) followed by probe removal

(70% formamide) and subsequently

hybridized using HPV 16/18 probe

mixture C)

Table 2 HPV typing in 29 HPV-positive squamous cell lung carp: .
cinomas WD type not determinet’) Discussion

HPV type  6/11 16/18 Mixed ND It has been a decade since several investigators reported
— the presence of HPV DNA in carcinomas of the upper di-
Positivity (62/3%% | (1317/23] ) (27/5/?) (1:'43/3 gestive and respiratory tracts [7, 25]. Using Southern blot

and/or ISH techniques, HPV DNA was initially detected
aTwo specimens contained both type 6/11 and type :.6/18 in carcinoma samples of the oral cavity, larynx and lung
[13, 19, 27]. These initial observations were followed by
) ~anumber of publications confirming the presence of HPV
(16.6%). HPV 6/11 was detected in 1 of the well-diffefn such tumours and demonstrating the transforming po-
entiated cases (10%), in 4 of the moderately differentigéntial of the high-risk HPV types on cultured epithelial
ed cases (16%), and in 1 of the poorly differentiatedils derived from these organs [22, 33].
(16.6%) carcinomas. _ S In the present study a close association between HPV
Figure 2 shows representative hybridization resultsigfection and squamous carcinomas of the lung was
the PCR-amplified HPV DNA sequences with the genefemonstrated. HPV DNA sequences were detected by
al probes after 3 h (Fig. 2A) and 24 h (Fig. 2B) eXposUpeCR analysis using consensus primers, and the resulting
as well as with type-specific probes for HPV types 16/}oducts were analysed by Southern blot hybridization
and 6/11 after 24 h exposure (Fig. 2C, D). Most of th@th general and type-specific radioactive probes. These
positive cases showed a strong hybridization signal Wilthniques are presently considered to be the most sensi-
the general probes only (Fig. 2B, lanes 3, 7 and lfiye methods of HPV detection and typing.
while negative specimens and negative PCR controlsHpV was detected in about 40% of SqCLCs by PCR
showed no hybridization signals (Fig. 2A, lanes 5, 6 ag@alysis alone, and in 69% by Southern blot hybridization
15). Cases in lanes 10-12 (Fig. 2C, D) gave low-intengf-the PCR products. This suggests that a limited amount
ty bands in the hybridization with type-specific probast HPV DNA could be detected by a more sensitive
(all lanes have equal amounts of DNA) and represeféthod than the PCR alone. In this study the HPV preva-
positive specimens, most probably with HPV 6/11- anghce rate in lung carcinomas is higher than that previous-
HPV 16/18-related types. Two specimens produced Myreported [4, 12, 31, 36]. This may reflect a higher sen-
bridization signals for HPV 6/11- and 16/18-specifi§jtivity of the PCR method, combined with the ability of
probes (lanes 1 and 2) and were therefore scored posigy@sensus PCR primers to detect a broader spectrum of
for both sets of probes. . HPVs. Nevertheless, our results are compatible with
~ The prevalence of HPV 6/11 and HPV 16/18 is showose of Hirayasu et al., who found 34 cases (79.1%) pos-
in Table 2. HPV 6/11 was detected in 6 cases (20.6ffie for HPV DNA in patients from Okinawa, using PCR
and HPV 16/18 in 11 of 29 positive cases (37.9%). Ty0]. Moreover, Soini et al. found HPV DNA in 13 out of
cases, 1 well and 1 moderately differentiated, were pags cases of lung carcinomas by ISH and reported in the
tive for both HPV 6/11 and HPV16/18 probes. same study an additional 13 positive cases detected by
nested PCR [26]. In addition antibodies to E6 and E7 pro-
teins of HPV 16 were found in a higher proportion of
lung cancer patients (42%) than of controls (13%) [25].
In contrast, two recent studies based on PCR analysis us-
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ing a different set of primers and probes for HPV detdound an association between detection of HPV 16 and 6

tion found no HPV-positive cases [23, 30]. and the histological differentiation of carcinomas [10].
The fact that none of the specimens from nonneopléadthough the history of the gradual identification of

tic peripheral sites or pulmonary lymph nodes withottPV infection seems to associate such infection with

metastasis, which were used as negative contraigre highly differentiated lesions, the evaluation of larg-

showed hybridization with any of the probes excludes numbers of tumours of varying degrees of differentia-

the possibility of false-positive PCR results caused bgn, combined with the use of a broader panel of HPV

possible infection of neighbouring non-neoplastic celigpes, is needed to confirm this hypothesis.

or by cross-contamination between specimens. We conclude that among other factors contributing to
In the present study, classic morphological alteratiotiee development and progression of squamous lung can-

characteristic of HPV infection, such as a papillomatoasr, HPV infection might have a role.

growth pattern similar to that described by Bejui-Thivo-

et et al. (olocytosie in focal areas or in Inddued e e o oL e £,

cells), were found n the tumou_rs examined (Fig. 1) [Se’ Fr)mical help and also Dr. (? Papamichalis for his helpful support

4]. Moreover, earlier ISH studies have shown a focgljifferent stages.

HPV presence in neoplastic cells of the lung [12]. Such a

mosaic pattern may be attributed to a nonclonal develop-

ment of HPV in the tumour, and this could explain thgeferences

low copy number found in these tumours. The associa-

tion of the virulence of the HPV with the tumour devel-1. Barten M, Ostwald C, Milde-Langosch K, Muller P, Wukasch

opment is not well characterized, since no clear trans-Y. Loning T (1995) HPV DNA and p53 alterations in oropha-

feai ; ; ryngeal carcinomas. Virchows Arch 427:153-157
mission pattern of the infection from cell to cell has bee Bauer H. Ting Y, Greer C, Chambers J.Tashiro C, Chimera J,

documented histologically. Yeudall et al. suggested a hit- geingold A, Manos M (1991) Genital human papillomavirus
and-run mechanism following their examination of oral infection in female University students as determined by a
carcinoma-derived cell lines, which revealed low copy PCR-based method. JAMA 265:472-474
number HPV16 DNA (fewer than 1 copy per cell) at ears: BeJ‘.Jl'I'Th'VQ'et F, Chﬂd%?\l“:t. Y, Pa.t”“COt LM (1990) Hﬁ“a“
ly passage while at later passages no viral DNA was de—ggféiﬁor%a;"\lﬁctﬁ'gﬁs Arch [A]'Zlg‘r’}ﬁg?_riessfuamous cell lung
tectable [35]. According tO_the aUthO"_S,_t_hese data sug-Bejui-Thivolet F, Liagre N, Chignol MC, Chardonnet Y, Patri-
gest that only a subpopulation of cells initially harboured cot LM (1990) Detection of human papillomavirus DNA in
HPV 16 DNA and that culturing of those cells resulted in g?l;ﬁ;“ﬁﬁé bg;qﬁhiséi‘t'umhe;gﬁg’?zsﬁi ngd@%‘éﬂgggﬁ:&g%g&%@aS
a lOSS.Of viral nuclelc_ acids or caused a possible negatly n paraffin-embedded specimens. Hum Pathol 21:111-116
selection. If such a hit-and-run mechanism does occur 1 Boring CC, Squires TS, Tong T (1993) Cancer statistics. CA
vivo it will have far-reaching consequences, since the Cancer J Clin 43:7-23 _ ' _
implication is that HPV-negative carcinomas may alsé- EOShhalzt l\ﬂ Zur l-:a_US'ten H (1982) HUflna? Papl]jl?tf]na\swzes IQ
a H i _ uscnke-Lowenstein tumors: physical state o e an
de\./eIOp. from HPV-containing IF‘TS'OnS' In fact, HPV MU~ i dentification of a tandem duplication in the noncoding region
cleic acids have been detected in squamous metaplasia it 3 human papillomavirus 6 subtype. J Virol 58:963-966
the bronchus and hyperplastic and dysplastic epithelium De Villiers E-M (1989) Papillomaviruses in cancers and pa-
of the lung [4, 29, 36]. pilomas of the aerodigestive tract. Biomed Pharmacother
Our results are also in agreement with those of oth r"lfj3é3\1/ﬁ|:i”grs E-M (1994) Human pathogenic papilomavirus
studies refe”'”g to the preval_ence of high-risk _HP " types: an update. Curr Top Microbiol Immunol 186:1-11
types 16/18, which were found in 37.9% of cases in thig DiLorenzo TP, Tamsen A, Abramson AL, Steinberg BM
study. Similarly, HPV 6/11 types were detected in 6 of (1992) Human papillomavirus type 6a DNA in the lung carci-
the 29 posilve cases (20,6%), while 2 of the cases werelne, o 8 PALT, ML [ECieR n0s) peploneios? &
z 0 - i i 423
pc_)smve for both set of prObe.S (7 %). _AlthOUQh mfectlo%_ Hirayasu T, lwamasa T, Kamada Y, Koyanagi Y, Usuda H,
with types 6/11 rarely occur in invasive tumours and are Genka K (1996) Human papillomavirus DNA in squamous
considered a remote risk in tumours of the anogenital cell carcinoma of the lung. J Clin Pathol 49:810-817
tract, the presence of HPV 6 or 11 sequences has b@eﬁggg)shéma 'Vll Fthfel M, Oba|3k S, JablOff]St';]a S|'<' Orth tI?
; H H i i remalignant lesions and cancers o e SKIn In e
reporte_d espeCIaI_Iy in nongenital malignant lesions [37.]' general population: evaluation of the role of human papiloma-
Extensive analysis of these sequences showed duplicagises J Invest Dermatol 95:537—-542
tion of transcriptional regulatory elements or mutations. Kinoshita I, Dosaka-Akita H, Shindoh M, Fujino M, Akie K,
[6]. This probably means that such molecular changesKato M, Fujinaga K, Kawakami Y (1995) Human papilloma-
may be necessary to confer malignant potential. Similar- ‘r’T']ngfst%gﬁ ggrgyﬁm:”gngségzn@g’?‘gﬂgﬁadg%eggdlu'ﬂ sdua-
ly, duplications in HPV 6 and HPV 11 genomes have cgncer71:344-349 9
also been reported in the lung [9, 21]. ~ 13. Kulski JK, Demeter T, Mutavdzic S, Sterrett GF, Mitchell KM,
It should be noted that in our study, some HPV infec- Pixley EfC (th90) Surv_ﬁy of histological s/pe;:im/ensbof fhlumz?m
tion was shown in poorly differentiated SqCLCs. How- cancer for human papillomavirus types 6/11/16/18 by filter in
ever hiah-risk HPVItJ esy16/18 were dete?:ted mostlv j situ hybridization. Am J Clin Pathol 94:566-570
.g . yp . . yiﬂ Labropoulou V, Balamotis A, Tosca A, Rotola A, Mavromara-
well-differentiated squamous cell carcinomas, a finding Nazos P (1994) Typing of human papillomaviruses in condy-

compatible with that reported by Hirayasu et al., who lomata acuminata from Greece. J Med Virol 42:259-263
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