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Background: Immunohistochemistry and polymerase chain
reaction (PCR) are the most widely used methods for the de-
tection of viruses. PCR is known to be a more sensitive and
specific method than the immunohistochemical method at
this time, but PCR has the disadvantages of high cost and skil-
led work to use widely. With the progress of technology, the
immunohistochemical methods used in these days has come
to be highly sensitive and actively used in the diagnostic
fields. Objective: To evaluate and compare the usefulness of
immunohistochemistry and PCR for detection human papil-
loma virus (HPV) in wart lesions. Methods: Nine biopsy sam-
ples of verruca vulgaris and 10 of condyloma accuminatum
were examined. Immunohistochemical staining using mon-
oclonal antibody to HPV L1 capsid protein and PCR were
done for the samples. DNA sequencing of the PCR products
and HPV genotyping were also done. Results: HPV detection
rate was 78.9% (88.9% in verruca vulgaris, 70.0% in con-
dyloma accuminatum) on immunohistochemistry and 100.0%
for PCR. HPV-6 genotype showed a lower positivity rate on
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immunohistochemistry (50.0%) as compared to that of the
other HPV genotypes. Conclusion: Immunohistochemistry
for HPV L1 capsid protein showed comparable sensitivity for
detection HPV. Considering the high cost and great effort
needed for the PCR methods, we can use immunohisto-
chemistry for HPV L1 capsid protein with the advantage of
lower cost and simple methods for HPV detection. (Ann
Dermatol 28(4) 479 ~ 485, 2016)

-Keywords-

HPV L1 protein, human papillomavirus, Immunohisto-
chemistry, Papillomaviridae, Polymerase chain reaction

INTRODUCTION

Wart is a disease caused by infection with human papil-
loma virus (HPV), and it can be classified into several
types like common wart, flat wart, plantar wart and genital
wart according to the infection site and form of the le-
sion'. The diagnosis of wart is not difficult in a case that it
shows a typical clinical pattern, but making the diagnosis
may sometimes be difficult when it shows an atypical
form, and in such a case wart is diagnosed by detecting
HPV in the region.

In general, immunohistochemical staining and polymerase
chain reaction (PCR) are used as the representative meth-
ods of virus detection’. The HPV detection rate of im-
munohistochemical staining in a wart lesion on the skin
and mucous membrane was known to have very low sen-
sitivity until the early 1990s, and in 1994 Wools et al.? re-
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ported that only 20% of genital warts were positive for L1
capsid protein on immunohistochemical staining. Since
then there has been no dermatological report of HPV de-
tection in wart lesions using immunohistochemical stai-
ning. Yet with the advances of the technology to produce
monoclonal antibodies as well as several techniques re-
lated to immunohistochemical staining, immunohistoche-
mical staining for L1 capsid protein is now being actively
used, without much concern over the sensitivity, for re-
search and clinical procedures in the areas of obstetrics,
gynecology, infectious diseases, otorhinolaryngology, etc.
Particularly as large-scales studies on HPV have been re-
cently conducted for the development of HPV vaccine,
the convenience of immunohistochemical staining has be-
come recognized and its use has been broadened*’. The
PCR method is the most sensitive method and this is com-
monly used as a confirmatory test, but it has limitations to
be widely used because it requires a lot of time, effort and
cost’. PCR kits for the high-risk HPV genotypes that induce
cervical cancer, etc. have been developed and they are
being conveniently used in the field of obstetrics and gy-
necology, but these kits do not match the HPV genotypes
that cause common dermatological diseases, so there are
limitations to diagnose HPV disease in the area of derma-
tology with using the existing PCR kits.

Thus, this study attempted to detect HPV in common wart
and genital wart specimens through immunohistochemical
staining using monoclonal antibody to L1 capsid protein
and the PCR method, which is now being commonly
used, and to compare the results between the 2 methods.
In addition, we identified genotypes by analyzing the base
sequence of the PCR amplified product and we examined
the difference in the positivity rate of immunohistochemical
staining according to the genotype.

MATERIALS AND METHODS

Materials

The objects of this study were 9 paraffin tissue slices ob-
tained from 9 patients who were diagnosed with common
wart clinically and histologically, and 10 paraffin tissue sli-
ces from 10 patients diagnosed with genital wart, and
these patients were sampled from the patients who visited
the Department of Dermatology of Seoul St. Mary’s
Hospital, the Catholic University of Korea. This study was
approved by the Institutional Review Board of The Catholic
University of Korea (IRB no. KC14ZISE0804).

Immunohistochemical stain

Immunohistochemical staining was performed by the pre-
viously reported method and using a Cytoactiv HPV L1
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Screening Set (Cytoimmun diagnostics GmbH, Pirmasens,
Germany)®. The method is described briefly as follows.
From the tissue slice fixed with paraffin, the paraffin was
removed using xylene. In order to inactivate the endoge-
nous peroxidase, the slice was put in PBS solution that
contained 3% hydrogen peroxide and the slice was treat-
ed at room temperature for around 5 minutes. Protein
blocking was performed using Ultra V Block (LabVision
Corporation, Fremont, CA, USA). Then, the slice was treat-
ed with primary antibody diluted at 1:5 on a slide and this
was allowed to react at room temperature for 60 minutes,
and again the slice was treated with color former and this
was allowed to react at room temperature for 50 minutes.
The slice was then reacted with AEC substrate-chromogen
solution (Dako, Copenhagen, Denmark) for 8 minutes and
then it was counterstained with hematoxylin stain.

When only the nuclei were stained, the case was consid-
ered positive, and like the previously reported method,
the degree of staining was graded to negative, 1+, 2+
and 3+" That is, a case was graded as negative if the
number of positively stained nuclei in the whole specimen
was 0, 1+ if the number of positively stained nuclei in at
least one high-power field was 1~3, 2+ if this was 4~
10, and 3 + if this was 11 or greater.

PCR and base sequence analysis

DNA was isolated from a tissue slice fixed with paraffin
and this was amplified by the PCR method. And a size of
the amplified PCR products was examined through elec-
trophoresis, and base sequence analysis was requested of
Macrogen Inc. (Seoul, Korea) for HPV genotype identi-
fication. The detailed procedure was as follows.

1) Isolate the DNA from the tissue slice

In order to remove the paraffin from a 7 «m thick tissue
slice embedded in paraffin and attached on a slide, the
slice was treated with 100% xylene twice for 5 minutes
each time. From the slide on which the paraffin was re-
moved, the slice was separated through treatment with
degradation buffer solution containing 0.25% NP-40 (5
mM MgCl,, 10 mM Tris-HCI, pH 7.4, 10 mM NacCl), and
then it was moved to an Eppendorf tube. In order to re-
move the protein, buffer solution containing 0.5% so-
diumdodecyl sulfate and proteinase K (final concentration
10 r£g/ml) was added and the slice was put in a 56°C
constant-temperature water bath and reacted for 15~
18 hours. After the degradation of the protein, the DNA
was isolated by the phenol/chloroform and ethanol sed-
imentation method. The isolated DNA was melted in 1 ml
TE buffer and kept at 4°C, and the amount of DNA was
measured using an ultraviolet (UV) spectrophotometer



(Shimadzu, Kyoto, Japan).

2) Examining the PCR product using PCR and
electrophoresis

The prepared DNA specimen (10~200 ng) was put in a
PCR tube of AccuPower PCR PreMix (Bioneer, Daejeon,
Korea), and the HPV strain specific site was amplified us-
ing the degenerate primers CPl 5'-TTA TCW TAT GCC
CAY TGT ACC AT-3' and CPIIG 5'- ATG TTA ATW SAG
CCW CCA AAA TT-3'. Here, W expresses a base in which
A or T is mixed together, Y for Cor T, and S for C or G. As
for the PCR conditions, initial denaturation was performed
at 94°C for 5 minutes and this was followed by denatura-
tion at 94°C for 1 minute for amplification, annealing at
56°C~60°C for 1 minute and polymerization at 72°C for
1 minute. After this procedure was performed for 40 cy-
cles, the final extension was performed for 5 minutes. The
PCR product was expected to be 187 bp, and it was elec-
trophoresed on 1% agarose gel and stained with ethidium
bromide, and the size of the PCR product was examined
under UV light.

3) Analyzing the base sequence of the PCR amplification
product and identifying the genotype

The base sequence analysis of the PCR product was re-
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quested of Macrogen Inc. for HPV genotype identification.
The homology analysis of the found base sequence and the
HPV genotype was performed using databases through the
DNASIS and BLAST servers (GenBank, European Molecular
Biology Laboratory, DNA Data Bank of Japan, and Protein
Data Bank).

RESULTS

Detecting HPV using immunohistochemical staining

For the results of immunohistochemical testing using anti-
body to the HPV L1 capsid protein, 8 out of 9 common
wart specimens were stained positively, and the other one
was not stained, so the positive rate was 88.9%. The num-
ber of stained cells was 1+ in 6 out of the 8 positively
stained specimens, and 3 + in the other 2.

Among the 10 genital wart specimens, 7 were stained pos-
itively and the other 3 were not stained, showing a pos-
itive rate of 70.0%. The number of stained cells was 1+ in
6 out of the 7 positively stained specimens and 2 + in the
other.

Compared to the common wart ones, the genital wart
specimens showed a lower positive rate and a smaller
number of stained cells on the immunohistochemical test.
As 15 out of the 19 common wart and genital wart speci-

Table 1. Results of immunohistochemistry and PCR for detecting HPV

Genotype by PCR

Sample no. Diagnosis Immnohistochemistry (gene bank accession no)
1 Verruca vulgaris 1+ HPV-40 (X74478.1)
2 Verruca vulgaris 1+ HPV-7 (X74463.1)
3 Verruca vulgaris - HPV-6 (AF092932.1)
4 Verruca vulgaris 1+ HPV-2 (EF117891.1)
5 Verruca vulgaris 3+ HPV-2 (EF117891.1)
6 Verruca vulgaris 1+ HPV-65 (X70829.1)
7 Verruca vulgaris 1+ HPV-65 (X70829.1)
8 Verruca vulgaris 1+ HPV-6 (AF092932.1)
9 Verruca vulgaris 3+ HPV-18 (EF202155.1)
Total of verruca vulgaris Positive in 88.9% (8/9) Positive in 100% (9/9)
10 Condyloma accuminatum 1+ HPV-11 (M14119.1)
11 Condyloma accuminatum - HPV-6 (AF092932.1)
12 Condyloma accuminatum 1+ HPV-6 (AF092932.1)
13 Condyloma accuminatum 1+ HPV-11 (M14119.1)
14 Condyloma accuminatum - HPV-6 (AF092932.1)
15 Condyloma accuminatum 1+ HPV-33 (M12732.1)
16 Condyloma accuminatum 1+ HPV-7 (X74463.1)
17 Condyloma accuminatum 1+ HPV-6 (AF092932.1)
18 Condyloma accuminatum - HPV-11 (M14119.1)
19 Condyloma accuminatum 2+ HPV-40 (X74478.1)

Total of condyloma accuminatum

Positive in 70.0% (7/10)
Total Positive in 78.9% (15/19)

Positive in 100.0% (10/10)
Positive in 100.0% (19/19)

PCR: polymerase chain reaction, HPV: human papilloma virus.
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Fig. 1. Immunohistochemical staining for human papilloma virus L1 capsid protein. Positive staining in (A, B) verruca vulgaris and
(C, D) condyloma accuminatum (A: x40, B and D: x200, C: x100).

mens were positively stained, the total positive rate was
78.9% (Table 1, Fig. 1).

Detecting HPV by the PCR method, and identifying the
genotype through base sequence analysis

For the result of detecting HPV by the PCR method, HPV
was detected in all of the 9 common wart specimens and
the 10 genital wart specimens for a detection rate of 100%
(Table 1). When the genotype was identified through ana-
lyzing the base sequence of amplified PCR products, the
genotypes HPV-2, HPV-6 and HPV-65 were identified in 2
specimens each, and HPV-7, HPV-18, and HPV-40 were
identified in 1 each among the 9 common wart specimens.
Coinfection of multiple genotypes was not observed in
verruca vulgaris specimens. Among the 10 genital wart
specimens, genotype HPV-6 was the most frequent and it
was identified in 4 specimens, and HPV-11 was identified
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in 3 and HPV-7, HPV-33, and HPV-40 were identified in 1
each. Coinfection was not observed in genital wart speci-
mens as well.

Comparing the results of immunohistochemical testing
and PCR

For the 9 common wart specimens, the HPV detection
rate for immunohistochemical testing was 88.9% (8/9) and
it was 100.0% (9/9) for the PCR method. For 1 specimen,
HPV was identified by PCR, but a negative response was
shown on immunohistochemical testing, and the genotype
identified through PCR and base sequence analysis was
HPV-6.

For the 10 genital wart specimens, the HPV detection rate
of immunohistochemical testing was 70.0% (7/10), which
was lower than that for the common wart specimens, and
the HPV detection rate of PCR was 100.0% (10/10). For 3



Table 2. Positivity of the immunohistochemical staining
according to the human papilloma virus (HPV) genotypes

Positivity of immunohistochemistry, %

HPV type (positive results no./total no.)
HPV-2 100.0 (2/2)

HPV-6 50.0 (3/6)

HPV-7 100.0 (2/2)

HPV-11 66.7 (2/3)

HPV-18 100.0 (1/1)

HPV-33 100.0 (1/1)

HPV-40 100.0 (2/2)

HPV-65 100.0 (2/2)

Total 78.9 (15/19)

specimens, HPV was identified by PCR but a negative re-
sponse was shown on immunohistochemical testing, and
the identified genotype was HPV-6 in 2 specimens and
HPV-11in 1.

Summing up the results for all of the common wart and
genital wart specimens, the total HPV detection rate was
78.9% (15/19) for immunohistochemical testing and 100.0%
(19/19) for the PCR method. For 4 specimens, HPV was
identified by PCR, but a negative response was shown on
immunohistochemical testing, and the identified genotype
was HPV-6 in 3 specimens and HPV-11 in 1.

The positive rate of immunohistochemical staining was
different according to the genotype identified by PCR, and
the results are shown in Table 2. A notable result is that of
the 6 specimens whose genotype was identified as HPV-6,
only 3 were positive on immunohistochemical testing,
showing a positive rate of 50.0%. Among the 3 specimens
of HPV-11, 2 were positive in immunohistochemical test
and the other was negative, showing a positive rate of
66.7% for immunohistochemical testing. In the specimens
with other genotypes, the positive rate on immunohisto-
chemical testing was 100%.

DISCUSSION

HPV is a virus belonging to papillomaviridae, and HPV in-
duces warts in the human body and some genotypes
cause malignant tumor. HPV is a virus with a double helix
structure, and its diameter measures approximately 55 nm
and over 100 different genotypes, according to the DNA
sequence, have been found'. The genome of HPV can be
divided into 8 open reading frames, which are the E1, E2,
E4, E5, E6, and E7 genes that are involved with DNA repli-
cation and cell transformation, and the L1 and L2 genes
that produce capsid protein.

The HPV genotypes, which are determined by the DNA
sequence, can be classified by several methods. They are
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divided into the high-risk group and the low-risk group ac-
cording to the carcinogenicity or into the cutaneous type
and the genital-mucosal type according to the tissue of de-
velopment'.

Our study focused on common wart and genital wart,
which are commonly known as HPV infection diseases.
The common HPV genotypes causing common wart are
HPV-2, 4, 27, and 29 and rarely HPV-1, 6, 11, 16, 18, 31,
33~35, 39, 40, and 51~60, and other genotypes may
cause the disease. The HPV genotypes common in genital
wart include HPV-6, 11, 16, 18, 31, 33 ~35, 39, 40, and
51~60 and among them, HPV-6 and 11 belong to the
low-risk group related to genital and cervical cancer'. In
Japan, HPV-1a, HPV-4, HPV-65, HPV-27, HPV-2a,
HPV-57b, HPV-16, and HVP-6a are frequently detected in
common warts'’. In Netherlands, HPV-27, HPV-57, and
HPV-2 are most frequently observed in common warts'".
In Korean, Moon et al."* showed that HPV-6, HPV-11, and
HPV-53 were frequently found in genital warts of HIV-
positive patients. In this study, HPV-2, HPV-6, and HPV-65
are commonly detected in common warts, whereas HPV-6
and HPV-11 in genital warts.

It is not difficult to diagnose warts that show a typical pat-
tern, but those warts showing an atypical clinical pattern
are sometimes hard to differentiate from other diseases.
The diseases that may show a clinical pattern similar to
wart include seborrheic keratosis, solar keratosis, nevus,
pyogenic granuloma, and sebaceous hyperplasia. Squamous
cell carcinoma is also known to show a form similar to
wart. Lichen planus lesion may look like a flat wart, and
acrokeratosis verruciformis and epidermolytic hyperkera-
tosis on the arms and legs may also be confused with
wart. In the case of genital wart, the disease is known to
be difficult to differentiate from lesions such as nevus, be-
nign keratosis, cyst, an ectopic sebaceous gland, and
syphilitic condyloma'.

In this way, the key point for differentiating wart from vari-
ous other diseases is detecting HPV in the lesion, and the
representative methods for proving HPV are immunohisto-
chemical staining and PCR. Immunohistochemical stain-
ing for detecting HPV is usually performed using mono-
clonal antibody to HPV L1 capsid protein, and L1 capsid
protein is known to be commonly expressed by most of
the HPV genotypes". In general, immunohistochemical
staining is simpler and it requires less effort and cost than
PCR and it can locate the site of expression, but it is less
sensitive than PCR, so it may produce a false negative
result. Furthermore, due to its low specificity, the speci-
men is stained non-specifically. PCR for HPV detection
amplifies a particular site specific to HPV and the ampli-
fied product is examined through electrophoresis. It is
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used as a confirmatory test because of its high sensitivity
and specificity, and it can even identify genotypes by ana-
lyzing the base sequence of the amplified DNA. Yet as
compared to immunohistochemical staining, PCR has a
limitation as a routine method because it requires a lot of
effort and cost’.

Since immunohistochemical staining was reported to have
very low sensitivity until the early 1990s, there have been
few reports on immunohistochemical staining for wart le-
sions in the dermatological area’. On the contrary, im-
munohistochemical staining has been actively used in the
area of obstetrics and gynecology as a tool for detecting
HPV in various genital dysplasias, and many recent re-
ports have been published without much concern over the
method’s sensitivity. This is probably because with the re-
cent advances of technologies for producing various re-
agents and materials, for instance, the monoclonal anti-
body used in immunohistochemical staining, the sensi-
tivity and specificity of immunohistochemical staining has
been considerably improved and as a result, immunohis-
tochemical staining produces much better results than the
method in the early 1990s". In this study as well, when
HPV was detected through immunohistochemical stain-
ing, the rate of detecting HPV was 88.9% for common
wart, 70% for genital wart and 78.9% in total. This result
suggests that even with immunohistochemical staining,
HPV can be detected with quite high sensitivity.

An interesting finding in this study is that HPV-2, 4, 27,
and 29, which are known to be common in common
warts, were found only in 2 specimens, which had the
genotype HPV-2, out of the 9 common wart specimens
used in this study, and the other 7 specimens had rare
genotypes such as HPV-6, 7, 18, 40, and 65, which have
been considered as pathogens of common wart. Among
them, HPV-65 was found in 2 specimens, and it showed
83% gene agreement with HPV-4, which is commonly
found in common warts". Thus, it is likely that some of
cases reported to be HPV-4 may actually have been
HPV-65, and the genotypes that are common in Korea
may be different from those reported in other countries.
Another finding is there were 4 cases in which PCR de-
tected HPV, but the result of immunohistochemical stain-
ing was negative and 3 of the 4 cases were HPV-6. Of the
19 specimens, 6 were found to have the genotype HPV-6
and only 3 of them showed a positive response on im-
munohistochemical staining, that is, only 50% of the
HPV-6 specimens were stained positively via im-
munohistochemical staining. The amino acid sequences of
L1 proteins are similar in all HPV species. However, pre-
vious report showed that HPV-6 has type-specific epito-
pes'®. As the monoclonal antibody used in this study was
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raised against HPV L1 capsid protein, it is possible that the
antibody cannot recognize the HPV-6 type specific
epitope. At the same time, it is difficult to fully interpret
the results because the number of specimens was small in
this study. Additional large-scale research may be required
for more precise interpretation. We derived a limited con-
clusion that the positive rate of immunohistochemical
staining may be lower for genital warts where the geno-
type HPV-6 is common, as compared to that for common
warts.

From the results of this study, we confirmed that not only
PCR but also immunohistochemical staining can detect
HPV in common wart and genital wart lesions with good
sensitivity. Thus, immunohistochemical staining, which is
relatively simple and requires less effort and cost, may be
widely applicable to prove the presence of HPV in verru-
cous lesions to differentiate wart from other diseases.
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