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Abstract The aim of this study was to determine the
prevalence of human papillomaviruses (HPV) types 6,
11, 16, 18, 31, 33, 42, 51, 52, 56 and 58 in laryngeal
squamous cell carcinoma specimens using immunohis-
tochemical reactions and to correlate the presence of
HPV with the clinical and pathological characteristics of
these patients. Tissue samples were collected from 40
patients with primary laryngeal squamous cell carci-
noma (LSCC) and from 33 subjects with non-neoplastic
laryngeal lesions or laryngeal nodules, which served as a
control group. Human papilloma virus was detected in 6
(15%) of the 40 patients. Five (83.4%) of six patients
with HPV positive tumors had G2 (moderately differ-
entiated), one patient (16.6%) had G3 (poorly differen-
tiated), and no patient with HPV positive tumor had a
G1 (well-differentiated) tumor. Four (66.6%) of the six
HPV positive tumors were in the supraglottic region,
one (16.6%) tumor was located in the glottis, and one
(16.6%) HPV positive tumor was in the subglotic region.
Five (83.4%) of six HPV positive tumors were T3-T4,
and one was T2. Three of six HPV positive patients had
no clinically evident cervical lymph nodes (N0), and
three of the HPV positive patients were N1 or N2.
Human papillomavirus was not detected in any of the
samples from the control group. The presence of HPV
infection in 15% of the cases may suggest a possible role
in the etiology of laryngeal squamous cell carcinoma.
However, no significant correlation between HPV inci-
dence and histological grading and clinical staging could
be demonstrated.
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Introduction

Papillomaviruses cause hyperproliferative cutaneous
and/or mucosal epithelial lesions in higher vertebrates,
including humans [20]. Mucosal epitheliotropic human
papillomaviruses (HPV) have been associated with a
variety of lesions, including benign anogenital warts,
premalignant intraepithelial neoplasms and invasive
cancers, particularly of the uterine cervix [9, 23]. Human
papillomaviruses are small double-stranded DNA viru-
ses and are responsible for pathological conditions
ranging from benign skin warts to invasive cervical
carcinomas [10]. Papillomaviruses are members of the
papovaviridae family. They are non-enveloped icosahe-
dral DNA viruses, which infect humans as well as a
variety of animals. The papillomavirus virion capsid
consists of two proteins, L1 and L2. L1 is the major
capsid protein and when expressed in eukaryotic
expression systems is able to self-assemble into virus-like
particles (VLPs) [8, 19]. The expression of L1 protein
results in the self-assembly of virus-like particles, which
have the size, shape and conformational epitopes of
virion capsids. L1 is able to self-assemble into VLPs,
morphologically and immunologically very similar to
virions, which are both necessary and sufficient for
binding to the cell surface [8, 18]. Eighty-five genotypes
have been fully characterized; approximately 120 addi-
tional isolates represent only partially characterized
putative novel genotypes [24].

The larynx is the most common site of malignancy
in the upper aerodigestive tract. The tumor is a
squamous cell carcinoma (SCC) in over 90% of the
cases, and the main predisposing factors are smoking
and alcohol use. Viral infections, nutritional defi-
ciency and local dietary customs have also been
implicated in the etiology of laryngeal cancer [11, 12,
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14]. The aim of this study was to determine the
prevalence of HPV types 6, 11, 16, 18, 31, 33, 42, 51,
52, 56 and 58 in laryngeal squamous cell carcinoma
specimens using immunohistochemical reactions and
to correlate the presence of HPV with the epidemi-
ological and clinicopathological characteristics of
these patients.

Material and methods

Tissue samples were collected from 40 patients with
primary laryngeal squamous cell carcinoma (LSCC)
during diagnostic microlaryngoscopy. The group con-
sisted of 34 males and 6 females, aged between 40 and
74 years (mean 57.5 years) treated in our center from
1999–2001. The group of consecutive patients was
operated on by the first author. The patients had not
undergone previous radiotherapy or chemotherapy. A
control group consisted of 33 patients, 19 males and 14
females, aged between 21 and 71 years (mean
41.4 years), with non-neoplastic laryngeal lesions or
laryngeal nodules.

The clinicopathological features of the patients and 3-
year follow-up results are shown in Table 1. Tumors
were staged according to TNM classification (UICC,
1992) and graded as well (G1), moderately (G2) and
poorly (G3) differentiated. The specimens were collected
during a diagnostic microlaryngoscopy and biopsy for
histopathological diagnosis.

Paraffin-embedded tissues were serially sectioned
at 4-lm thickness. After de-paraffinization, sections
were stained for HPV monoclonal mouse antibodies
and heated in a water bath with DAKO Target Re-
trieval Solution for 40 min. After washing with TBS,

it was incubated with mouse monoclonal anti-human
papillomavirus antibodies Clone K1H8, DAKO
(types 6, 11, 16, 18, 31, 33, 42, 51, 52, 56 and 58) in
dilution 1:50 with DAKO antibody diluents for
60 min at room temperature. The samples were than
incubated for 30 min with DAKO LASB system at
room temperature. Visualization of the reaction was
acquired with DAB solution. After that, staining with
Mayer’s hematoxylin was performed. DAKO positive
control slides were used as a positive control. In the
negative control, original antibodies (DAKO) were
not added. The antigens detected in the nuclei of
proliferating squamous cell carcinoma were regarded
as a positive reaction. The presence of HPV in cancer
samples, in relation to location, tumor size, lymph-
node involvement and histopathological grade, was
analysed using the v2 test.

Survival rates at the 3-year follow-up were calculated
using Kaplan-Meier curves. The relationship between
HPV presence and survival rate was calculated using the
F Cox test for small groups.

Table 1 Clinicopathological features of patients with LSCC

Clinicopathological
features

( n) HPV positive
( n)

Sex Male 35 5
Females 5 1

Site Glottic 13 1
Supraglottic 25 4
Suboglottic 2 1

T T1 2 0
T2 5 1
T3 15 1
T4 18 4

N N0 19 3
N1 15 1
N2 3 1
N3 3 1

G G1 9 0
G2 27 5
G3 4 1

Recurrence at 3-year
follow-up

Yes 23 1
No 17 0

Death from LSCC at
3-year follow-up

Yes 21 1
No 1 0

Fig. 1 Immunohistochemical staining for L1 expression. Positive
nuclei staining with monoclonal antibodies K1H8 of HPV ( A and
B)
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Results

Human papillomavirus was detected in 6 (15%) of the
40 patients with LSCC (Fig. 1A and B), and it was not
detected in any of the samples from the control group.
Clinical and pathological features of HPV positive
patients are shown in Table 1. Five males and one
female were HPV positive. Five (83.4%) of six samples
with HPV-positive tumors were G2, one sample
(16.6%) was G3 and no sample with HPV-positive
tumor was G1 (well differentiated). Four (66.6%) of the
six HPV positive tumors were supraglottic, one (16.6%)
was located in the glottis and one in the subglottic re-
gion. Five (83.4%) of the six HPV positive tumors were
T3 or T4, and one was T2. Three of six HPV positive
patients had no clinically evident cervical lymph nodes
(N0), and three HPV positive patients were N1 or N2.
All but one of the HPV positive patients were heavy
cigarette smokers, and three of six frequently consumed
alcohol.

Eighteen (45%) of 40 patients with LSCC lived at
least 3 years after the initial treatment. Twenty-one
(52.5%) patients died because of the disease and one
patient because of a cardio-respiratory event. In 23 pa-
tients from the whole group of 40 patients, local or re-
gional recurrence or distant metastasis occurred. Five
(83.3%) of six patients who were HPV positive lived at
last 3 years, and one (16.3%) patient died 9 months
after surgery because of local recurrence. One HPV-
positive patient was alive at the 3-year follow-up with
successful treatment of regional recurrence. Thirteen
(39.4%) of 18 HPV negative patients were alive 3 or
more years after treatment.

No significant correlation was found between HPV
incidence and the histological grade and clinical stage of
the tumor. The difference in survival rates between the
groups of HPV positive versus HPV negative patients
was also not significant.

Discussion

Recently, several techniques have been used to detect the
presence of HPV in tissues, for example, Southern-blot
analysis, which was previously considered to be the most
sensitive assay or in situ hybridization analysis that
could be performed on paraffin-embedded sections.
Those techniques have the disadvantage of requiring a
sizable quantity of nucleic acids and take several days to
perform. PCR ismore sensitive than other techniques, but
its high sensitivity may lead to product carryover orDNA
contamination, which can create problems in diagnostic
applications. Gomez et al. [5] showed that in situ
hybridization is a more sensitive technique than immu-
nohistochemistry for confirming the presence of HPV in
severe dysplasias and carcinomas in situ of the uterine
cervix. Furthermore, in situ hybridization provides much
more information than immunohistochemistry since it

permits the identification of the HPV types causing the
lesion.

Immunochisochemistry can be performed on a small
specimen. It is possible to use the diagnostic tissue
sample also to identify the presence of HPV infection.
Immunohistochemical staining using the monoclonal
antibody K1H8 appears to recognize a non-conforma-
tional internal linear epitope. Only fibrillary structure,
but not capsid structure, is observed in the negative
staining. This epitope would be common among differ-
ent types of HPV. On the other hand, monoclonal
antibodies raised by using intact virions as the immu-
nogen recognize a type-specific epitope of HPV-1. Such
specific epitopes are considered to be present only on the
surface of the capsid [22]. The antigen in the cytoplasm
of some koilocytes is consistent with the results of in situ
DNA hybridization [3].

Garcia-Miliàn et al. [4] demonstrated amplification of
consensus primers for the HPV L1 gene using PCR
technique in 6 (18.1%) of 33 laryngeal squamous cell
carcinoma. When these samples were amplified using
primers specific for the HPV 16 and 18 E7 gene, ten new
cases were found. This increased the former data up to
16 (48.5%) in HPV DNA positivity. In this study we
detected six (15%) patients with positive reaction with
monoclonal antibody K1H8 of HPV. Previously, we [13]
had determined the presence of the HPV DNA in lar-
yngeal SCC assessed by polymerase chain reaction using
specific primers for HPV-16 and 18 E6/E7. There were
seven (35%) HPV-positive specimens. Five (25%) spec-
imens were HPV-16 positive, and four (20%) specimens
were HPV-18 positive. In two cases both HPV-16 and
HPV-18 were present.

Almadori et al. [1] detected HPV DNA in 9 of 45
(20%) patients using the PCR technique. They also
showed that the HPV positive tumors were 55% G2 and
33% G3. Fifty-five percent of the HPV positives had no
clinical cervical lymph nodes (N0), and 78% of the HPV
positive cancer patients were T3-T4.

Almadori [1] described more HPV-positive patients
with supraglottic tumors than with tumors in other
locations. Hoshikawa et al. [6] detected HPV DNA in
17.6% of laryngeal cancer patients by PCR. Glottic
laryngeal carcinoma was HPV positive in 44.4% of the
cases, and it was significantly higher than 8.7% HPV
positive supraglottic tumors. Previous studies paid no
attention to the precise primary site of laryngeal carci-
noma. HPV infection may be more frequent in the vocal
cords than in other laryngeal sites. Our data showed that
the HPV positive tumors were more frequent in the
supraglottic than in glottic regions, but patients with
supraglottic tumors were the majority of the whole
group as well.

Some authors claim that HPV DNA is more fre-
quently detected in well-differentiated [2, 7] than in
poorly differentiated squamous cell carcinoma of the
upper aerodigestive tract [16]. In our study, HPV was
detected more often in moderately (83.4%) and poorly
(16.6%) differentiated than in well-differentiated
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tumors. Still, the differences were not statistically sig-
nificant.

The presence of HPV infection in the premalignant
and hyperplastic laryngeal lesions is controversial. Pol-
jak et al. [17] analyzed the prevalence of HPV in lar-
yngeal epithelial hyperplastic lesions using PCR and in
situ hybridization methods. The HPV was present in
only 2 of 88 specimens, and the authors suggested that
most of hyperplastic lesions in the larynx are not asso-
ciated with HPV infection.

Nishiaka et al. [15], using the PCR method, demon-
strated the presence of HPV 16/18 in 5 of 27 (18.5%)
patients with laryngeal cancer and in 2 of 33 (6%) of
non-cancer control cases. They suggested that the pres-
ence of HPV is one of the risk factors of SCC.

Smith et al. [21] detected HPV in 25% (11/44) of
patients with laryngeal cancer, in 30% (3/10) of patients
with laryngeal leukoplakia and in 16.7% (2/12) of non-
cancer controls, which did not include patients with
laryngeal nodules. In the present study the HPV infec-
tion was not detected in laryngeal nodules, which served
as a negative control.

Conclusion

The presence of HPV infection in 15% of the cases may
suggest a possible role of HPV in the etiology of lar-
yngeal squamous cell carcinoma. The immunohisto-
chemical staining can be performed for L1 HPV
detection on paraffin-embedded sections collected dur-
ing diagnostic procedures.
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