
ORIGINAL PAPER

T. Noda á T. Sasagawa á Y. Dong
H. Fuse á M. Namiki á M. Inoue

Detection of human papillomavirus (HPV) DNA in archival specimens
of benign prostatic hyperplasia and prostatic cancer using
a highly sensitive nested PCR method

Received: 7 May 1997 /Accepted: 19 September 1997

Abstract Human papillomavirus is thought to be an
etiological factor for urological tumors such as penile
cancer. However, there is much con¯icting data sur-
rounding prostatic cancer. We recently established a
highly sensitive nested PCR method with consensus
human papillomavirus (HPV) primers for the detection
of many high-risk HPV types. HPV DNA from the long-
control region (LCR) to E7 open reading frame was
ampli®ed with ®rst primer pairs and subsequently am-
pli®ed with second internal E6±E7 primers. Our nested
PCR method could detect HPV16, 18, 31, 33, 35, 52, 58
and some undetermined HPV DNAs. Using this meth-
od, we investigated the existence of HPV DNA in for-
malin-®xed para�n-embedded tissue of the prostate. We
found HPV DNA in three of 71 specimens of benign
prostatic hyperplasia (BPH) and in none of 38 prostatic
carcinomas. These three samples were infected with
HPV 16. These results suggest that HPV is not a causal
factor for prostatic cancer and BPH.
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Introduction

Human papillomavirus (HPV) is a type of papovavirus,
containing double-stranded, circular DNA about 8000
kilobases in length. An etiological role of HPV in uterine

cervical cancer has been reported by many investigators.
More than 80 HPV types have been isolated, and some
HPV types are carcinogenic [2, 32]. HPV types 16, 18,
31, 33, 35, 45, 51, 52, 56, 58 and 59, often found in
cervical carcinoma [4] and its precursor lesions [16], are
thought to be high-risk types, whereas HPV 6, 11, 44
and 55 are the low-risk types found in benign lesions
such as condyloma acuminatum [15]. Recent studies
have demonstrated that over 80% of cervical carcino-
mas contained the high-risk HPV DNA [4, 25]. Since E6
and E7 genes of the high-risk HPV types were tran-
scribed in cervical cancer tissues, the E6 and E7 genes
are thought to have a prominent role in carcinogenesis
[32]. An in vitro experimental study demonstrated that
E6 and E7 proteins form a inactivation complex with
p53 [26] and retinoblastoma(Rb) [20] proteins, respec-
tively. Loss of tumor suppressor functions of the p53
and Rb gene product is considered to be a contributing
factor in carcinogenesis.

Many epidemiological studies indicate that sexual
activity of women is well correlated with the risk of HPV
infection, suggesting that sexual contact is the most
common route for HPV transmission [1, 14]. On the
other hand, an association between the development of
anal carcinoma and HPV infection is reported in ho-
mosexual men [28, 31]. Some recent reports have shown
an association between HPV infection and the urinary
tract diseases. HPV has been detected in penile cancers
[5, 9, 17, 24] and bladder cancers [8, 11, 21]. Other re-
ports have shown a high prevalence of HPV infection in
prostatic cancers. However, the detection rate of HPV
DNA in prostatic cancer varies from 0 to 75% [6, 18, 19,
24, 29, 30]. The detection rate of HPV DNA in benign
prostatic hyperplasia (BPH) is similar to that in prostatic
cancers. Since there are many con¯icting explanations
for the existence of HPV DNA in prostatic tissues, the
etiological role of HPV infection for prostatic cancer
remains to be established.

To elucidate the role of HPV infection for the de-
velopment of prostatic cancer and BPH, we examined
109 formalin-®xed specimens of 38 prostatic cancers and
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71 cases of BPH for the existence of HPV DNA, using
highly sensitive nested polymerase chain reaction (PCR)
methods.

Materials and methods

Cases

We obtained tissue specimens of 38 prostatic cancers and 71 cases of
BPH from patients who underwent surgical treatment. The opera-
tive method employed was subcapsular prostatectomy in 10 patients
and transurethral resection of the prostate (TURP) in 61 patients
with BPH. Total prostatectomy was performed on 38 patients with
prostatic cancer.

Sample preparation

The tissue was ®xed with formalin and embedded in para�n. The
para�n-embedded tissue sections were sliced with a microtome
knife in order to obtain three sections 5±10 lm thick for subse-
quent analysis. One tissue section was stained with hematoxylin-
eosin and subjected to histopathological evaluation. The other two
sections were depara�nized by the addition of xylene and digested
with proteinase K for cell lysis.

Ampli®cation of HPV DNA by PCR

We established a new nested PCR method for the detection of HPV
DNA. The procedure was as follows: Primer pairs between the long
control region (LCR) and E7 open reading frame were designed to
amplify a ®rst PCR product. The location of the consensus primers
on the HPV 16 genome and the nucleotide sequences of the primers
are demonstrated in Fig. 1. LCRS and E7AS that were designed by
ourselves were used as the outer primers, and pU-1M and pU-2R
as reported by Fujinaga et al. [7] were used as the internal primers.
The length of the ®rst PCR product was about 650 base pairs (bp)
and the next PCR product was about 250 bp. All DNA samples
were tested to check whether they were suitable for use as template
DNAs for PCR by an ampli®cation of the internal b-actin gene.
The oligonucleotide primers of b-actin gene were as follows: 5¢-
ATGGATGACGATATCGCTG-3¢ and 5¢-ATGAGGTAGTCT
GTCAGGT-3¢. The ®rst PCR ampli®cation of HPV was per-
formed in 10 ll of solution containing 50 ng of genomic DNA and
a reaction mixture containing 2 mM TRIS-HCl, pH 8.0, 10 mM
KCl, 2.5 mM of each deoxynucleotide triphosphate (dATP, dCTP,
dGTP and dTTP), 1.25 units of Taq polymerase (Takara) with
100 pmol of LCR and E7 primers. The second PCR reaction was
subsequently performed, adding 1 ll of the ®rst PCR product to
the PCR reaction mixture containing internal E6±E7 primers. The
PCR cycles were performed as described previously [25] and details
of the method were as follows: ®ve cycles of denaturation at 94 °C
for 1 min, annealing at 45 °C for 1 min and extension at 72 °C for
2 min, 5 cycles of denaturation at 94 °C for 1 min, annealing at
48 °C for 1 min and extension at 72 °C for 1 min; 20 cycles of
denaturation at 94 °C for 1 min, annealing at 55 °C for 1 min and
extension at 72 °C for 1 min; and another cycle of extension at
72 °C for 5 min.

The PCR-ampli®ed products were electrophoresed on 2%
Seakem agarose (FMC Bioproducts) and stained with ethidium
bromide. The DNA bands were visualized by a UV-monitor
camera (Epi-Light UV FA1100, AIC, Japan).

Restriction fragment length polymorphism (RFLP) was used
for HPV typing. HPV types were classi®ed by particular DNA
cleavage patterns with appropriate restriction enzyme. The details
of HPV typing by RFLP are shown in Fig. 2. Our PCR method
could detect HPV 16, 18, 31, 33, 35, 52 and 58. Each PCR product
was ®rst digested with RsaI. HPV 31 was determined by cutting

patterns with RsaI. The other HPV types could not be cut with
RsaI, while they were digested with AvaII. HPV 16, 33 and 18 could
be typed by cutting patterns with AvaII, whereas HPV-35, 52 and
58 were not cut with RsaI and AvaII. HPV 52 was cut with Sau3AI
and HPV 58 was cut with AccI. The last HPV type, which could not
be cut with any of these enzymes, was HPV 35.

Southern blot analysis

Southern blot hybridization was performed at Tm-40 °C using
HPV 58 probe. The details of the procedure have been described
previously [16]. First, the ®lter was incubated with 8 ml of hy-
bridization bu�er for 2±16 h in a 42 °C water bath with shaking.
The bu�er consisted of 5 ´ SSC, 50 mM HEPES, 0.2% each of
polyvinylpyrrolidone and Ficoll, and 20% formamide. Then, the
®lter was incubated with 6 ml of hybridization bu�er and a heat-
denatured probe at 42 °C for 12±16 h, and washed three times for
15 min with 200 ml of 2 ´ SSC, 0.1% SDS at 48 °C. In preparing
the probe, HPV DNA was labelled with [a±32P]dCTP using ran-
dom oligonucleotide primers. The ®lter was exposed to X-ray ®lm
(Eastman Kodak, Rochester, N.Y.) with intensifying screens (du
Pont de Nemours, Wilmington, Del.) at )80 °C for 4±16 h.

Fig. 1 a Location of human papillomavirus (HPV) consensus prim-
ers. Open boxes indicate open reading frames. The position of each
primer is represented by an arrowhead. b Alignment of the
corresponding sequences of several HPV types and primer pairs.
The 5¢ and 3¢ nucleotide position and the numbers of mismatches are
demonstrated
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Results

We tested the sensitivity of our PCR assay for the de-
tection of HPV DNA. Serial diluted plasmid DNA
containing HPV 16 and 18 genome was used as a tem-
plate. As previously reported [7], the PCR with primers
pU-1M and pU-2R could detect 0.1 copies of HPV 16
DNA per cell. The present nested PCR method could

detect 0.0001 copies of HPV 16 DNA and 0.001 copies
of HPV 18 DNA (1 ng of the plasmid HPV DNA was
equivalent to 250 copies of HPV genome per cell). Next
we compared the detection rates of di�erent HPV types
on fresh cell samples from 26 women in Southern blot
analysis using HPV 58 probe [16], ordinal E6±E7 PCR
and the nested PCR. The results are summarized in
Table 1. No samples that were negative by the nested
PCR were positive with Southern blot and E6±E7 PCR.
The nested PCR method appeared to be the most sen-
sitive and the Southern blot analysis the most insensitive
in detection of HPV 16, 18, 31, 52 and 58.

We examined 109 prostate tissue samples for the
presence of HPV DNA using the nested PCR method.
We found HPV DNA in three of 71 BPH specimens,
while HPV DNA was detected in none of 38 prostatic
cancers (Table 2). The PCR products of the three cases
are 238 bp in size and were found to be HPV 16 by
RFLP analysis, since all became 158 and 79 bp frag-
ments by cutting with AvaII, and 105, 97 and 35 bp
fragments by cutting with Sau3AI, but could not be cut
with RsaI (Fig. 3).

The detection rate of HPV DNA between BPH and
prostatic cancer was not statistically di�erent using the
chi-square test (P � 0.19). From these ®ndings, the
etiological role of HPV in prostatic cancer and BPH is
questionable because of the very low detection rate of
HPV DNA in these prostatic samples.

Discussion

The association of HPV and a variety of malignant
urological tumors has been reported. Some recent re-

Fig. 2 Restriction fragment length polymorphism (RFLP) for HPV
typing. Sizes of DNA fragments are shown in parentheses.

Table 1 Detection rates of human papillomavirus (HPV) DNA in
Southern blot analysis, E6±E7 polymerase chain reaction (PCR)
and nested PCR

HPV type No. of
casesa

Southern
blot

E6±E7 PCR

HPV 16 9 4 (44%)b 7 (78%)
HPV 18 4 0 1 (25%)
HPV 31 3 1 (33%) 1 (33%)
HPV 52 6 5 (83%) 6 (100%)
HPV 58 4 1 (25%) 3 (75%)

Total 26 11 (42%) 18 (69%)

a The number of cases in which HPV DNA was detected by a
nested PCR
bDetection rates are shown as percentages that were calculated by
dividing the number of cases positive for HPV DNA by each de-
tection method by the total number of cases positive for each HPV
DNA

Table 2 Detection of HPV
DNA in tissues from prostatic
cancer and benign prostatic
hyperplasia (BPH)

Positive Negative HPV types Total

Prostatic cancer 0 38 (100%) 38
BPH 3 (4.2%) 68 (96%) HPV 16 (3), others (0) 71 P 0.19a

Total 3 (2.8%) 106 (97%) 109

aDi�erence in detection rates between prostatic cancer and BPH determined by chi-square test

Fig. 3 Cutting pattern of polymerase chain reaction (PCR) products
with appropriate restriction enzyme. Lane M DNA marker:
pUCBM21 digested with HpaII, DraI and HindIII. Lanes 1, 3, 5 a
PCR product in one of three positive cases; lane 2 digested with RsaI;
lane 4 digested with AvaII; lane 6 digested with Sau3AI
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ports suggested a role for HPV in carcinogenesis of the
penis, because of a high prevalence of HPV DNA in
penile cancer tissues. McCance et al. [17] reported that
HPV 16 DNA was detected in 26 of 53 (49%) penile
cancers and HPV 18 DNA was detected in ®ve of 53
(9%) penile cancers. Scinicariello et al. [17] showed the
existence of HPV DNA in the nucleus of cervical and
penile cancers, also using an in situ hybridization
method. Gregoire et al. [9] reported that HPV DNA was
present in 26 of 117 penile cancers (22.2%). Cupp et al.
[5] reported HPV type 16 DNA was detected in 23 of 42
invasive squamous cell carcinomas of the penis (55%).

The HPV detection rate in bladder cancers has varied
from 0 to 100%. Knowles et al. [11] found no HPV
DNA and Goldman et al. [8] reported a 100% detection
rate of HPV DNA in transitional cell carcinoma of the
bladder. The two groups of investigators used the same
PCR method for detection.

Prostatic cancer is one of the most common urogen-
ital cancers. The death rate for prostatic cancer is about
4000 people per year in Japan. Epidemiological research
has been done on hormonal, familial, dietary, infectious
and genetic factors; however, there is no clear associa-
tion of certain factors with prostatic cancer. Several re-
cent studies examined oncogenic HPV types in prostatic
cancer tissue. McNicol et al. [18] found HPV 16 DNA in
34 of 56 (61%) benign prostatic lesions and in 14 of 27
(52%) prostatic cancers, hypothesizing that HPV infec-
tion has an etiological role in prostatic neoplasia.
Moyret-Lalle et al. [19] also reported that HPV 16 DNA
was detectable in the frozen tissues of prostatic cancer
and BPH, in nine of 16 (53%) and seven of 22 (32%)
samples, respectively. In contrast, E�ert et al. [6] found
no HPV DNA in 30 prostatic cancer tissues, suggesting
that HPV has no causal role in carcinogenesis of the
prostate. Widero� et al. [30] found HPV DNA in the
formalin-®xed para�n-embedded tissue of prostatic
cancer and BPH in seven of 56 (12.5%) and in four of 42
(15.2%) samples, respectively. However, this report
suggested that HPV did not increase the risk of prostatic
cancer, because the HPV detection rate was very low in
these tissues and, besides, HPV was less frequently
found in blacks (7.7%) than whites (15.2%) despite the
incidence rate of prostatic cancer for blacks being higher
than that for whites in the United States. Suzuki et al.
[29] found HPV infection eight of 51 (16%) prostatic
cancer patients. Thus the etiological role of HPV infec-
tion in prostatic lesions is controversial.

HPV types 16 and 18 are frequently found in pre-
malignant and malignant cervical lesions, suggesting
that they are high-risk types. In recent studies, some
other HPV types such as HPV 31, 33, 35, 39, 45, 52, 56,
58 and 59 are often detected in invasive carcinomas and
are considered high-risk types [2, 4]. Our nested PCR
method can detect most of these high-risk HPV types
(Fig. 1) and is very sensitive compared with both the
ordinal E6±E7 PCR method and Southern blot analysis
(Table 1). In the present study, HPV 16 DNA was
detected in 90% (9/10) of the formalin-®xed para�n-

embedded samples of cervical cancer, while HPV was
detected in 10 of 10 (100%) fresh frozen specimens de-
rived from the same samples by the nested PCR method
(data not shown). Nawa et al. [23] suggested that for-
malin ®xation markedly reduces the level of sensitivity,
but their nested PCR method could detect 10±50 copies
of HPV DNA in 104 formalin-®xed cells. All these
®ndings may suggest that our nested PCR may be sen-
sitive enough in the detection of HPV DNA in formalin-
®xed samples.

When we tested for HPV DNA in archival tissue
samples, no HPV DNA was found in any of the pros-
tatic cancers and only three patients with BPH were
positive with HPV 16 DNA in the present study. Un-
known or novel HPV types might be involved in the
development of prostatic cancer and BPH, since our
nested PCR method could detect only a limited selection
of high-risk HPV types. However, this possibility seems
unlikely because no unique HPV types have been iden-
ti®ed in prostatic tissues in previous reports but rather
the types that are very common in the female genital
tract such as HPV 16 and 18. Therefore, the present
results suggest that HPV may not have a carcinogenic
e�ect on the prostate, and the etiological role of HPV in
BPH is also questionable because of such a low detection
rate of HPV DNA in BPH tissues.

A large-scale epidemiological study demonstrated a
strong association between the sexual behavior of men
and the risk of cervical cancer in their wives [3]. We have
previously demonstrated the existence of HPV DNA in
the semen of four of the male partners of 12 HPV-16-
positive women [10] and indicated the possibility of
dissemination through ejaculation [12, 13, 22]. These
®ndings may support the possibility of an HPV trans-
mission route from the prostate to the cervix, although
we could not investigate in the present study whether the
wives of these HPV-positive males were infected with
HPVs or had HPV-related lesions. Further studies
should be carried out to clarify the role of prostate as a
reservoir of HPV in males.
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