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ABSTRACT

Introduction: Squamous cell carcinoma accounts for 95% of penile malignant tumors, and its associa-
tion to human papillomavirus (HPV) has been studied by several authors. Our study describes the prevalence of
HPV DNA in penile squamous cell carcinomas in Brasilia, Brazil.

Materials and Methods: Human papillomavirus DNA was amplified by polymerase chain reaction
(PCR) using GP5+/GP6+ and pU-1M/pU-2R primers, after its extraction from paraffin embedded material
from 59 patients with penile carcinoma. HPV isolates were typed by restriction enzymes digestion and auto-
mated sequencing.

Results: Good quality DNA was obtained from 37 out of the 59 samples previously selected. Preva-
lence of HPV DNA ranged from 13.5% (5/37) to 64.8% (19/24) when we considered the amplification with
pU-1M/pU-2R or GP5+/GP6+ primers, respectively. HPV-16 was the only type detected.

Conclusions: Our data indicate that GP5+/GP6+ PCR allow a good rate of HPV DNA detection and
typing in formaldehyde-fixed and paraffin-embedded tissues. The HPV DNA prevalence can be considered
high when compared to data from other South America studies. The high frequency of HPV-16 and the low
occurrence of HPV-18 are in agreement with our results from a female population research in the same region
of Brazil. Further investigation should be conducted in order to evaluate the frequency of HPV types associated
to other penile epithelial disorders and different kinds of neoplasias, as well as in asymptomatic subjects in the
central region of Brazil.
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INTRODUCTION to be multi-factorial, with a history of smoking, phi-
mosis and poor hygiene commonly associated (3).
Penile cancer is a serious worldwide health Similarly to cervical SCC, penile SCC has been re-
problem, despite its scarce occurrence. The highefated to human papillomavirus (HPV) (4).
rates of the disease are found in developing coun- Human papillomavirus is a member of the
tries. In Brazil, the relative frequency of this tumor papillomaviridae family. The nonenveloped, icosa-
among all male neoplasias has been reported as 2.1%edral capsid carries a single molecule of circular
(1). By far, the most common histologic type is the double-stranded DNA, ranging from 6800 to 8400
squamous cell carcinoma (SCC), which accounts forhase pairs (bp) (5). More than 40 different genotypes
more than 95% of the cases (2). Its etiology appearshave already been described in the mucous epithelia
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of the urogenital surface and aero-respiratory tract.analyzed in order to detect HPV DNA sequences.
The mucosotrophic genotypes are classified in twoSubjects were married, 27 to 82 years old (mean age
distinct groups: “low-risk” group, often associated of 54 and median of 60), mainly agriculture workers,
with benign warts and low-grade intraepithelial le- with history of penile lesions varying from 2 months
sions, and “high-risk” group, associated with inva- to 5 years.
sive carcinomas (6,7). The virus targets the basal cell The inclusion criteria was the histopathologic
layer of the epidermis, where a latent infection may diagnosis of squamous cell carcinoma. Seventy per
be established. Migration of cells to the skin surfacecent were histologically classified as well-differenti-
during differentiation allows the progression to ac- ated squamous cell carcinoma, whereas 20% were
tive infection (8). moderately and 10% poorly-differentiated. Socio-de-
The studies performed so far have indicated mographic, clinical and epidemiological data from
that HPV has an etiological role in human malignant subjects were recovered from hospital files, when-
neoplasias. As early as 1976, Meisels & Fortin (9) ever available.
reported findings of HPV infection in patients with
cervical cancer. The frequent association of HPV-16,DNA Isolation from Tissue Sections
-18, -31, and -33 with malignant change is now gen- Each paraffin block was cut into 18n sec-
erally accepted. Other types such as -35, -39, -41 to tions using a new blade for each specimen to mini-
44, -51, -52, and -56 have also been implicated inmize block-to-block contamination. Tissue sections
cervical, vulvar, or penile cancer. The more commonwere deparaffinized by treatment with xylem and
types 6 and 11 are considered to carry a low risk ofwashed with ethanol. The proteins were digested by
malignant progression. However, instances of canceproteinase K [200 pg/ml], overnight, at’e5 and the
associated with virtually every HPV type have been extracted DNA purified by resin from the Nucleon
reported (7). These evidences include: viral DNA is HT kit (Amershan Pharmacia Int.).
found in close to 90 % of anogenital and cervical tu-
mors (6); most of the virus-positive tumors contain PCR Amplification
integrated viral DNA (7); and the E6 and E7 viral To evaluate the quality of the DNA isolation
proteins of high-risk types are able to immortalize procedure, samples were submitted to polymerase
human’s foreskin and cervical keratinocytes (10). chain reaction (PCR) (11) of tBeglobin human gene
This transversal study is the first report on sequence, using a pair of primers named pCO3/pCO4.
the prevalence of HPV DNA detected by molecular DNA amplification for HPV detection was performed
methods using 2 different sets of primers. We havein two distinct genomic regions: E6-E7, using prim-
used paraffin-embedded tissue fragments from penileers pU1M/pU2R, and L1, using primers GP5+/GP6+.
squamous cell carcinomas, from patients originally The oligonucleotides sequences used as PCR prim-
from Brasilia, central region of Brazil. Moreover, it ers are shown in Table-1 (11-13).
also describes the frequency of HPV types detected PCR reactions were performed in a final vol-
in the samples. ume of 50 pl, containing 10 pl of extracted DNA, 20
mM Tris HCI (pH 8.4), 50 mM KCI, 3 mM MgCl
250 uM dATP, dCTRITTP and dGTP, 2.4 pmol of

MATERIALS AND METHODS each primer and 2.5 U of Taq DNA polymerase. Forty
cycles of amplification were conducted in an MJ
Samples Research PTC-100 thermocycler (first cycle: 95°C-5

Fifty-nine formaldehyde-fixed and paraffin- min, 40°C-3 min, 72°C-3 min; second to"39/cle:
embedded tissue fragments from patients attended &@5°C-1 min, 40°C-3 min, 72°C-3 min;4€ycle: 95°C-
Brasilia public hospital from 1994 to 1999 were in- 1 min, 40°C-3 min, 72°C-3 min). PCR products were
cluded in the study. The material, obtained from malesanalyzed by electrophoresis on 1.5% agarose gels fol-
with penile invasive squamous cell carcinoma, waslowed by 10 mg/ml ethidium bromide staining.
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Table 1 -Sequences of the oligonucleotides used as PCR primers and size of amplified DNA region.

Gene Primers Sequences Size (bp)
HPV pU-1M 5-TGTCAAAAACCGTTGTGTCC-3 230

E6-E7 pU-2R 5-GAGCTGTCGCTTAATTGCTC-3' to 270

HPV GP5+ 5-TTTGTTACTGTGGTAGATACTAC-3 150

L1 GP6 5-GAAAATAAACTGTAAATCATATTC-3

Human PCO3 5-ACACAACTGTGTTCACTAGC-3 110
3-globin PCO4 5'-CAACTTCATCCACGTTCACC-3’

HPV Typing by RFLP Analysis 2). The results of HPV DNA detection are summa-

Samples with positive HPV DNA were typed rized in Table-2. The overall prevalence of HPV DNA
by restriction fragment length polymorphism (RFLP). ranged from 13.5% to 64.9%, when we considered
The products generated by pU-1M/pU-2R primers the results of PCR by pU-1M/pU-2R and GP5+/GP6+,
were digested by the following enzymes: Acc |, Ava respectively.

IIl, Bgl Il and Rsa | (3-4 U) (12). For GP5+/GP6+ HPV-16 was found in 22 of the 24 isolates
(20) PCR products, we used Rsa | (5 U) digestionpy digestion with Rsa I. Two samples could not be
(14). The pattern of length polymorphism for each typed because there was not enough DNA to repeat
sample was analyzed by electrophoresis on 8% polythe amplification procedure. The five isolates ampli-
acrylamide gels, followed by 10 mg/ml ethidium bro- fied by pU-1M/pU2R were also typed as HPV-16.
mide staining. Therefore, the prevalence of HPV-16 in the HPV
DNA positive samples submitted to typing was 100%.
Automated Sequence and BLAST Analysis  In order to check the HPV-16 typing using Rsa | analy-

Automated sequencing followed by Basic sis, five positive samples, different from those am-
Local Alignment Search Tool (BLAST) (15) was per- plified by pU-1M/pU2R, were automatically se-
formed, using the amplified 150 bp fragments with quenced and analyzed by BLAST, confirming the
GP5+/ GP6+ primers of five HPV DNA samples to presence of HPV-16.
confirm enzyme digestion typing.

Table 2 - Matched and unmatched results when the

RESULTS 2 sets of primers were compared.

Twenty-two (37.3%) samples proved no sig- :
nificant PCR amplification of the gene fragments HPV DNA detection by
tested, eitheB-globin gene or HPV DNA fragment, GP5+/GP6+
and were excluded of our series. In the 37 samples » )
suitable for PCR amplification, 24 were positive for Positive  Negative
HPV DNA after amplification with GP5+/ GP6+ —
primers (Figure-1). The presence of HPV DNA was HPV DNA Positive S 0
also detected in 5 out of 37 samples when puU1m/detection by _
pU2R primers were used for amplification (Figure- PU1IM/pUZR Negative 19 13
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Figure 1 - Agarose gel electrophoresis of PCR products using Figure 2 - Agarose gel electrophoresis of PCR products using

GP5+/GP6+ primers, Lane 1: molecular weight marker (100 pb PU-1M/pU-2R primers. Lane 1 —4: HPV DNA positive samples,

DNA ladder , Gibco) Lanes 2, 4 —8: HPV DNA positive samples, showing 238 pb DNA fragments. Lane 5: DNA negative sample.
shoeing 150 pb DNA fragments. Lane 3: DNA negative Sarnp|e_Lan_e_6: molecular weight marker (100 pb DNA ladder, Gibco).

Ethidium bromide staining. Ethiditum bromide staining.

=

DISCUSSION by using the nucleon HT kit, we were able to obtain a
good quality DNA in 62.7 % (37/59) of the tested
samples. The DNA extraction procedure adopted was

Data on cancer incidence show that penilethe one that presented the highest percentage of re-
carcinoma is a rare disease in most developed councovery, although four other different methods had
tries. A high prevalence of this tumor in Brazil asso- been tested. The percentage of recovery of archival
ciated to HPV infection has been previously reportedsamples obtained can be considered acceptable, since

(16). Our study is the first report on HPV detection there is always some percentage of loss for different

in penile squamous cell carcinoma in the city of reasons (1,2).

Brasilia, located in the central region of Brazil. The The discrepant prevalence of HPV DNA ac-

prevalence of HPV DNA detected in this sampling counted for pU-1M/pU-2R and GP5+/GP6+ PCRs

can be considered high (64.9%) when compared tgroducts may be due to the technical limitations. Par-
data from other regions of Brazil (30%) (2) and Ar- tial degradation of DNA could possibly have affected
gentina (71%) (17). the amplification sensibility of pU-1M/pU-2R prim-

As previously discussed by other authors, ers, determining the prevalence rate 4.8 lower than

HPV prevalence associated to penile carcinoma carthe rate defined by GP5+/GP6+ amplification. As the

vary significantly in distinct geographical areas (17). pair of primers for E6/E7 genes (pU1M/2R) ampli-

As our results indicate, one shall not use the informa-fies a longer DNA fragment if compared to GP5+/

tion on HPV prevalence from other cities of Brazil GP6+, it would be expected that degraded DNA

(1,16) to infer the prevalence in one specific region.samples presented a higher efficiency of amplifica-

Variations in HPV prevalence, as well as in the fre- tion for lower fragments.

guency of HPV types, have implications in: vaccine The use of Rsa | digestion for HPV typing

testing; choice of diagnostic methods, and epidemio-with GP5+/GP6+ amplified products was first re-

logical studies involving disease control (8). ported in 1990 (14). Recently, we have analyzed all

Despite the preservation problems usually HPV DNA sequences available at the GenBank. We
related to paraffin-embedded tissue fragments (17,18)noticed that, considering the HPV variation that oc-

224



PREVALENCE OF HPV IN PENILE CARCINOMA

curs in Brasilia (19), the only other HPV type that REFERENCES

might be misinterpreted as HPV-16 is the HPV-35,
when (1,16) Rsa | digestion is used as a typing methodl.
This latter HPV type can be detected in association
with high-risk lesions, but not in invasive carcino-
mas (8).

The significant prevalence of HPV-16, a 2.
“high-risk” type (6), is compatible with the histopatho-
logic diagnosis of squamous cell carcinoma, also re-
ferred by other authors (20), although other reports
from Brazil (1,16) and Argentine (17) have found a
predominance of HPV-18. The high prevalence of 3.
HPV-18 associated to cancer is not detected in the
central area of Brazil, neither in the male nor in the
female populations studied so far (19).

As only HPV-16 was detected in all analyzed 4.
samples, no correlation could be established consid-
ering prognostic factors, association to clinical or epi-
demiological data and HPV types.

We consider that other studies should be con-
ducted in order to evaluate the frequency of HPV types
associated to other penile epithelial disorders and dif-5.
ferent kinds of neoplasias, as well as in asymptom-
atic subjects in the central region of Brazil.

CONCLUSIONS

GP5+/GP6+ PCR allow an acceptable rate of 6.
HPV DNA detection and can be used for formalde-
hyde-fixed and paraffin-embedded tissues.

HPV prevalence associated to penile carci-
noma seems to be higher in Brasilia than in other re-
gions of the South of Brazil, although compatible to 7.
what was found in Argentina.

HPV-16 was the only type detected in pe- 8.
nile cancer in this target population. Further inves-
tigation should be conducted in order to define the
distribution of other penile epithelial disorders and
different kinds of neoplasias, as well as in asymp-
tomatic subjects. 9.

Financial support: FAP/DF, approved 10.

by CEP/SES/DF on November 3, 1998

225

Bezerra ALR, Lopes A, Santiago GH, Ribeiro
KCB, Latorre MRDO, Villa LL: Human
papillomavirus as a prognostic factor in carci-
noma of the penis. Cancer, 91: 2315-2321, 2001.
Bezerra ALR, Lopes A, Landman G, Alencar
GN, Torloni H, Villa LL: Clinicopathologic fea-
tures and human papillomavirus DNA preva-
lence of warty and squamous cell carcinoma of
the penis. Am J Surg Pathol, 25: 673-678, 2001.
Dillner J, Meijer CJ, von Krogh G, Horenblas
S, Meijer CJ: Epidemiology of human
papillomavirus infection. Scand J Urol Nephrol,
(Suppl) 205: 194-200, 2000.

Cupp MR, Malek RS, Goellner JR, Smith TF,
Espy MJ: The detection of human
papillomavirus deoxyribonucleic acid in
intraepithelial, in situ, verrucous and invasive
carcinoma of the penis. J Urol, 154: 1024-1029,
1995.

van Regenmortel MHV, Fauquet CM, Bishop
DHL, Cartens EB, Estes MK, Lemon SM et al.
Family Papillomaviridae. In: Virus Taxonomy.
Seventh Report of the International Committee
on Taxonomy of Viruses. Virology Division, In-
ternational Union of Microbiological Societies,
UK, Academic Press, pp. 247-251, 2000.
Lorincz AT, Temple GA, Kurman RJ, Jenson
AB, Lancaster WD: Oncogenic association of
specific human papillomavirus types with cer-
vical neoplasia. J Natl Cancer Inst, 79: 671-677,
1987.

zur Hausen H: Viruses in human cancers.
Science, 254: 1167-1173, 1991.

Doaobar J, Sterling JC: The biology of human
papillomavirus. In: Sterling JC and Typing, SK
(ed.), Human Papillomaviruses: Clinical and
Scientific Advances. London, Arnold, pfh0-

23, 2001.

Meisels A, Fortin R: Condylomatous lesions of
the cervix and vagina. I. Cytologic patterns. Acta
Cytol, 20: 505-509, 1976.

Hudson JB, Bedell MA, Mc Cance DJ, Laiminis
LA: Immortalization and altered differentiation
of human keratinocytes in vitro by the E6 and E7



PREVALENCE OF HPV IN PENILE CARCINOMA

open reading frames of human papillomavirus
type 18. J Virol, 64: 519-526, 1990.

11. Saiki RK, Gelfand DH, Stoffel S, Saharf SJ,
Higuchi R, Glenn TH et al.: Primer-directed en-

zymatic amplification of DNA with a thermostable 16.

DNA polymerase. Science, 239: 487-491, 1988.

12. Fujinaga Y, Shimada M, Okazawa K, Fukushima
M, Kato I, Fujinaga K: Simultaneous detection 17.

and typing of genital human papillomavirus

DNA using the polymerase chain reaction. J Gen

Virol, 72: 1039-1044, 1991.
13. de Roda Husman AM, Walboomers JMM, van

de Brule AJC, Meijer CJLM, Snijders PJF: The 18.
use of general primers GP5 and GP6 elongated

at their 3' ends with adjacent highly conserved

sequences improves human papillomavirus de-

tection by PCR. J Gen Virol, 76: 1057-1062,
1995.

14. Snijders PJF, van den Brule AJC,
Schrijnemakers HFJ, Snow G, Meijer CJL,
Walboomers JMM: The use of general primers

in the polymerase chain reaction permits the de-

tection of a broad spectrum of human

papillomavirus genotypes. J General Virology, 20.

71:173-181, 1990.
15. Altschul SF, Madden TL, Schéaffer AA, Zhang

Correspondence address:

Dr. Claudia Renata F. Martins
Departamento de Biologia Celular,
Instituto de Biologia, ICC Ala Sul,
Universidade de Brasilia

Brasilia, DF, 70910-900, Brazil
Fax: + + (55) (61) 347-6533
E-mail: cmartins@unb.br

226

J, Zhang Z, Miller W et al.: Gapped BLAST
and PSI-BLAST: a new generation of protein
database search programs. Nucleic Acids Res,
25: 3389-3402, 1997.

Villa LL, Lopes A: Human papillomavirus se-
guences in penile carcinomas in Brazil. Int J
Cancer, 37: 853-855, 1986.

Picconi MA, Eijan AM, Distéfano AL, Pueyo
S, Alonio LV, Gorostidi S et al.: Human
papillomavirus (HPV) DNA in penile carcino-
mas in Argentina: analysis of primary tumors
and lymph nodes. J Med Virol, 61: 65-69, 2000.
Unger ER, Vernon SD, Lee DR, Miller, DL,
Reeves WC: Detection of human papillomavirus
in archival tissues: comparison of in situ hybrid-
ization and polymerase chain rection. J Histoch
Cytoch, 46: 535-540, 1998.

Cerqueira DM, Camara G, Cruz M, Neves D,
Silva E, Carvalho L et al.: Detection, genotyping
and analysis of HPV variants associated with
LSIL, HSIL and cancer in Brasilia— Brazil."19
International Papillomavirus Conference, Abst.
99, 2001.

Levi JE, Rahal P, Sarkiis AS, Villa, LL: Human
papillomavirus DNA and p53 status in penile
carcinomas. Int J Cancer, 76: 779-783, 1998.

Received: October 2, 2001
Accepted after revision: April 9, 2002



