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=Abstract=

Warts, or verrucae, are benign epithelial proliferations of the skin and mucosa caused by
infection with human papillomaviruses (HPV). It is now recognized that there are many different
HPV types. Especially type3 is most frequently observed in flat wart. Other types, such as type2,
10, 14, 27, 28, 29, 38, and 41 are rarely encounted in flat wart.

We describe here a simple and economic method for detection and identification of
epidermodysplasia verruciformis-associated HPV. The method is based on polymerase chain
reaction (PCR) amplification and restriction analysis. The method has been developed with
cloned HPV DNA and DNA from clinical samples. Clinical samples are from either frozen tissue
or paraffin-embedded tissue. Genomic fragments were obtained from two different HPV types (3
and 10). The amplification fragments were identified by a form of miniature fingerprinting, with
a set of restriction enzymes that gave a unique digestion pattern for each HPV type. We have
tested 74 clinical samples. Only type3 among these clinical samples is detected, and one sample

is involved in neither type3 nor typel0.
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INTRODUCTION

Flat wart is known to be caused by the in-
fection of HPV. These viruses do not produce
acute signs or symptoms but induce slow-
growing lesions that can remain subclinical for
long periods of time. A subset of the human
papillomaviruses has been associated with the
development of epithelial malignancies.

Numerous HPVs have been found associated
with -benign epidermodysplasia verruciformis
(EV) lesions. Some of these viruses, such as
HPV3, HPV10, and related viruses, are also
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found associated with flat warts in the general
population [1,3,4,5] whereas other viruses so
far have been found only in lesions of EV pa-
tients [2,6,7,8,9].

The papilloma virus (PV) genome is present
within the viral particle as a covalently closed,
supercoiled circle of double-stranded DNA. The
genome is composed of about 8000 nucleotide
base pairs. The various HPV types are cur-
rently discriminated according to the relatedness
of their DNA, using molecularly cloned HPV
DNAs of known type as standards.

HPVs do not infect laboratory animals, ro-
dent models for laboratory investigation are
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not available, and it is not yet possible to pro-
pagate the PVs in tissue culture. These obs-
tacles stand in the way of determining the
mechanisms and biologic consequences of PV
infection. However, recent applications of re-
combinant DNA technology have partially cir-
cumvented these problems and have provided
new insights into the molecular mechanisms
of PV pathogenesis. However, the study on
the flat wart in our country so far is not car-
ried out. Particulary the frequency of EV pa-
tients in Chung Ju area is much higher than
that of other areas and also higher than av-
erage frequency in the world. Therefore, the
study on the regional relationship to the EV
might be very attractive.

We therefore have developed an approach
for the PCR amplification and subsequent typ-
ing of verruciformis-associated HPVs. The ap-
proach relies on the fact that although the EV
HPV types are each unique, they share in-
terspersed regions of considerable DNA se-
quence homology. Taking advantage of these
homologous regions, we have designed con-
sensus oligonucleotide primer pairs that should
aneal to both type3 and typelO which are
most extensively found in flat wart lesions.
Furthermore, the high conservation of the sele-
cted primer regions suggests that other known
or as yet unidenfied EV HPVs would also
serve as efficient templates for these primers.
The amplification products can be distingui-
shed to be type3 or typelQ after suitable res-
triction enzyme digestion. Here we present the
detection and typing of HPVs in clinical speci-
mens using amplification with consensus prim-
ers and subsequent typing with restriction en-
Zymes.

MATERIALS AND METHODS
Preparation of clinical samples

Seventy-four tissue specimens of common
warts located on hands, feet and face were ob-
tained from patients who were attending the

-40 -

Department of Dermatology of the Konkuk
University. After surgical removal, part of each
specimen was stored frozen at -70°C or was
fixed in formalin and embedded in paraffin.

DNA-extraction from frozen tissue

The frozen tissue specimens were crushed
and homogenized in 720 pl of SET solution
(150 mM NaCl, 50 mM Tris-Cl [pH 8.0], 10
mM EDTA [pH 8.0]) and 80 pl of 05 M
EDTA. Proteins were removed by incubation
in 20 pl of 10% SDS, 40 ut of 5 M NaClO,,
400 pl of phenol and 400 ul of chloroform for
2 hrs at room temperature. After a second
phenol-chloroform extraction and ethanol pre-
cipitation, the DNA was resuspended in water.
About 50ng of DNA was used for each PCR
reaction.

DNA extraction from paraffin-embedded
tissue

Section of various biopsy samples were slic-
ed and placed in 1.5 ml microfuge tubes. 500
ul of DEXPAT solution (Takara Co) was add-
ed and heated at 100C for 10 min prior to
centrifugation at 4°C for 10 min. The superna-
tant was used for PCR. Approximately 1/100
diluted DNA from extracted tissue DNA was
used for each PCR reaction.

PCR amplification

In order to detect a wide range of different
HPV types, we designed the general primer
pair by sequence comparison of HPV3 and
HPV10. The plasmid DNA of HPV 1ype3 and
typel0 were kindly provided by Dr. Gerard
Orth at Pasteur Institute in France, and used
for positive control.

The polymerase chain reaction was perfor-
med in a total volume of 50 pl with primers
having a concentration of 20 pM for DNA ex-
tracted from both frozen tissue and paraffin-
embedded tissue, 2.5 U Ex Taq DNA poly-
merase (Takara Co), and the following buffer:
50 mM KCl, 2 mM MgCL, 10 mM Tris-HCI
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pH 8.3 and 200 pM of each dNTP. At first, a
denaturation step at 94°C for 3 min was per-
formed. Amplification was carried out through
30 cycles with each cycle running 1 min. Each
cycle was consisted of denaturation temperature
at 94°C, annealing temperature at 54T for
paraffin-embedded tissue and at 58C for fro-
zen tissue, and extension at 72°C. The program
terminated with an extension step of 5 min.

Typing of PCR products

After amplification, a 20 pl sample was dig-
ested with several restriction enzymes; Accl,
Alul, Scal, Stul and Styl. The location of res-
triction enzyme site in PCR products from
both HPV type3 and 10 are shown in Figure 1.
The predicted sizes of the digested fragments
are shown in Table 1. Enzyme digested PCR
products were separated on 1% agarose gels
and stained with ethidium bromide.

Table 1. Sizes of expected fragments after restriction
enzyme digestion of PCR products. Expected
sizes are deduced from the complete nucleotide
sequence of the HPV3 and HPV10. The fragments
without enzyme sites are shown with asterisks

Fragment size (bp)

RESULTS

Design of a nested PCR to detect type3
and typel0

PCR primers in this experiment are con-
sensus primer set, which is intended for the de-
tection of both type3 and typelO those are
most frequently found in EV patients. We have
designed primers to detect and easily identify
two types of HPV after restriction enzyme
digestion of the PCR products. The length of
type3 and typelO are 7,820 bp and 7,919 bp,
respectively. The location of primers of both
type3 and typelO are shown in Table 2. Al-
though 2 nucleotide sequences in 5' consensus
primer are unmatched between type3 and type
10, the nucleotide sequences for 3' primer are
completely matched between two types (Table
2). The predicted length of PCR product with
this primer set are 548 bp with type3 and 545
bp with typel0.

The DNA concentration for PCR reaction
(primer and template)

We have checked the optimal DNA con-

Enzyme centration for PCR reaction (Figure 2). Primer
HPV3 HPV10 set was tested for on a pannel of HPV type3
Accl 548° 251, 294 and the optimum concentration was found to
Alul 11, 83, 134, 320 11, 534 be either 20 pM or 50 pM per reaction mixture
Scal 61, 168, 319 545 (50 ul) (data not shown). Assay‘sensitivity for
template was of the order of diluted concen-
Stul 548" 204, 341 . :
tration for DNA extracted from both frozen tis-
Sol 195, 353 186, 359 sue and paraffin-embedded tissue (Figure 2).
Alul Sty 1 Alul Scal Scal Alul |
|
HPV 3 ] T — | T 1
83 195 217 319 487 537 (548 bp)
Sty 1 Accl Stul Alul
| |
HPV 10 T T T 1
186 294 341 534 (545 bp)

Figure 1. Restriction site map of the PCR product.

The length of PCR products are 548 bp for type3 and 545

bp for typel0, respectively. The correst position of every enzyme from 5' terminus are shown under enzyme site.
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Table 2. Primer sequence and its location in HPV3 and HPV10. Multiple sequence alignment of primers with
HPV3 and HPV10 and their location in each HPV are shown. Only differences are specified; periods
indicate no change with respect to the sequence above

Primer & HPV Sequence (5'-3") Location
Primer (PV 5) ATGGCCGCTGAGCCCTATGGCGACAGCATG
HPV 3 e e e 6455-6485
HPV 10 e G----- T e 6527-6560
Primer (PV 3) GTGTCCTCCAAGCTAGTGGACGGTGGC
HPV 3 e e 7003-6976
HPV 10 o e e e e e e 7072-7045

564 bp =

123bp =

(b)

AR NS
,};‘2‘{{}) N \sd\& \\\Q\\@\,g)

564 bp ™

123bp =

Figure 2. Optimum concentrations of template DNA. DNAs from frozen tissues (a) and paraffin-embedded
tissues (b) were diluted in linear order and used for PCR reaction. Each amplification reaction was analyzed by
gel electrophoresis of 1% agarose. Size markers were used: A-H; A-HindIII, 123 bp; 123 bp ladders. Diluted

samples were used at 1 ul for PCR reaction.

Amplification efficiency for template was most
effective at 1/10 diluted DNA from frozen spe-
cimen (Figure 2 (a)), and 1/100 diluted DNA
from paraffin-embedded tissue (Figure 2 (b)).
The reason why less amount of DNA from
paraffin-embedded tissue are more effective in
PCR reaction might be due to the inhibition ef-
fect of paraffin in PCR reaction mixture.

Detection and typing of HPV from samples

The degenerate consensus primers used in
this study were able to direct the amplification
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of DNA from both HPV type3 and typelO,
giving a size of approximately 548 bp length
from type3 and 545 bp from typel0. Plasmid
DNAs of both type3 and typel0O (Figure 3 (a)),
and DNA from frozen specimens (Figure 3 (b))
were used for template DNA for the test reac-
tion. The specificity of the detected products
was tested by restriction enzymes (Figure 3).
Restriction enzymes gave fragments of the ex-
pected size, demonstrating that the amplified
DNA was specific for the different HPVs.
Type3 was cut at position 319 bp and 487 bp
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(2)

Typs 3
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Typs 10
4 5

1 3
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564 bp =

123bp =

(b)

W

AR
X

1 2

564 bp =

123bp =™

Figure 3. Electrophoretic analysis of restriction enzyme digests of PCR products. Plasmid DNA of HPV3
and HPV10 (a) and DNAs extracted from frozen tissues (b) were use for PCR amplification. PCR products
were digested with restriction enzymes and analyzed by 1% agarose gel electrophoresis. Used enzymes were
Stul (lane 1) and Scal (lane 2). Uncleaved controls were also loaded (lane 1). Size markers were applied: A-H;

A-HindIII, 123 bp; 123 bp ladders.

with Scal, giving three bands of 61 bp, 168 bp
and 319 bp (Figure 3 (a)). 61 bp fragment was
hardly detected. For typel0, the pattern is op-
posite to type3 (Figure 3 (a)). As shown in Fig-
ure 3 (a), the PCR fragments was cut at po-
sition 341 bp with Stul, giving two bands of
204 bp and 341 bp, which are shown cleary in
lane 5. Further analysis with Styl, Accl and
Alul gave fragments of the expected sizes (data
not shown). However, these enzymes are more
or less expensive than Stul and Scal. Further
more, we can easily distinguish between type3
and 10 by using Stul and Scal. Thus we have
used these two enzymes to typing viruses with
EV specimens in this experiment. The same
also holds true for DNA from either frozen
specimens (Figure 3 (b)) or paraffin-embedded
tissue (data not shown).

To investigate the incidence of different HPV
types, DNA from 53 frozen tissues and 21
paraffin-embedded tissues from different skin
lesions were tested. From our experiments,
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only type3 was detected. No other samples har-
boured typel0 except an unidentified sample,
which exhibited different pattern from  both
type3 and 10 (data not shown). We are now
analyzing this unidentified virus.

SUMMARY

We have established the PCR approach to
detect both HPV type3 and typelO, which are
most extensively found in EV patients. By us-
ing developed PCR reaction, 74 clinical sam-
ples were tested, and only type3 among these
is detected, and only one sample was not in-
volved in either type3 or typel0.
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