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Detection of Human Herpesvirus 8 DNA in Pemphigus and Chronic

Blistering Skin Diseases

Increased incidences of Kaposi's sarcoma and lymphoid malignancies have
been observed in patients with pemphigus, and the human herpesvirus 8 (HHV-
8) is very strongly associated with these tumors. Because the virus may be
one of the triggering factors of pemphigus, we undertook this study to screen
for the presence of HHV-8 in chronic blistering skin diseases including pem-
phigus. A total of 45 paraffin-embedded specimens were studied using nested
polymerase chain reaction (PCR) with primers to amplify a 160-base pair HHV-8
fragment. HHV-8 DNA could be detected in 7 of 9 patients with pemphigus
vulagris, and 1 of 2 with pemphigus foliaceus. All specimens of other blistering
skin diseases were negative for HHV-8. On sequencing PCR products, the
sequences were almost identical with the prototypic sequence for HHV-8, and
a few base- pair substitutions at 1086C—T and 1139A—C were detected. The
results of our study suggests that HHV-8 might have trophism for pemphigus
lesions. Further studies including comparison of HHV-8 DNA load in both
lesional and normal skin in the same patient, serological and animal studies
would be helpful to study the relationship between HHV-8 and pemphigus.
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INTRODUCTION

Human hetpesvirus 8 (HHV-8) is a new hetpesvirus
first found in the tissue of acquired immunodeficiency
syndrome (AIDS)-related Kaposi’s sarcoma (KS) (1).
Also, numerous othet studies have confirmed the pre-
sence of HHV-8 in all fout clinical forms of KS and in
vatious geographical regions (1-3). Subsequent teports
have also implicated HHV-8 in the development of pre-
malignant or malignant skin tumors in immunosup-
pressed organ-transplant patients (4) and immunocom-
petent patients (3), body cavity-based lymphomas (6),
multicentric Castleman’s disease (7), and other lympho-
mas (8, 9).

Pemphigus is an autoimmune blistering skin disease
mediated by antibodies against the autoantigens desmog-
lein 3 and desmoglein 1. An increased incidence of
malignancies, especially KS and lymphoid malignancies
including Castleman’s disease, has been obsetved in
patients with pemphigus (10, 11). These tumors were
strongly associated with HHV-8, and the vitus is one of
a vartiety of exogenous factors triggering the lesions of
pemphigus (12). The possible etiologic role of viral infec-
tions in the development and/or exacerbation of pem-
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phigus has been reported in the literature (12-17).
Recently, the presence of HHV-8 DNA was found in the
lesional skin of pemphigus vulgaris and pemphigus
foliaceus (18, 19). These observations raised the possibil-
ity that HHV-8 is involved in a broadet range of skin
lesions besides skin tumots and might be related to the
pathogenesis of pemphigus. In order to assess whether
the vitus is associated with pemphigus and other blis-
tering diseases, we looked for the presence of HHV-8
DNA in patients with pemphigus vulgatis, pemphigus
foliaceus, bullous pemphigoid, epidermolysis bullosa
acquisita, dermatits herpetiformis, and Hailey-Hailey
disease.

MATERIALS AND METHODS

Study specimens

Twelve biopsy specimens from 9 pemphigus vulgatis,
3 from 2 pemphigus foliaceus, 5 bullous pemphigoid, 3
epidermolysis bullosa acquisita, 4 dermatitis herpetifor-
mis, and 7 Hailey-Hailey disease patients with no clinical
evidence of human immunodeficiency virus (HIV) infec-
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tion were included in the study. These specimens were
formalin fixed and paraffin embedded. The diagnosis was
confirmed both histologically and by direct immuno-
fluorescence tests. To differentiate bullous pemphigoid
and epidermolysis bullosa acquisita, ditect immunofluo-
rescence test using salt-splited normal skin of patients
and electron microscopy were also petformed. All of
them did not have cutaneous KS and lymphoid malig-
nancies. They were not previously treated with immuno-
supptessive therapy, including steroids, cyclophospha-
mide, cyclospotin, and azathioptine. One AIDS-associ-
ated KS lesion served as positive control, and for negative
control, 3 biopsy samples from herpes simplex virus skin
infection, 3 psoriasis, and 5 normal skin were used to
assess the specificity of PCR for HHV-8.

Polymerase chain reaction (PCR) amplification

Five sections (10 uM) were cut from the paraffin
blocks, and DNA was extracted by proteolytic digestion.
After deparaffinization twice with 1 mL xylene, the tis-
sues wete pelleted at 13,000 rpm, resuspended twice in
500 uL of absolute ethanol, pelleted again and dried. The
tissues were then resuspended in 200 uL of 5% chelex®
100 DNA extraction reagent (Perkin-Elmer, U.S.A.) and
incubated at 100C in a heat block for 30 min. The
samples were then centrifuged at 13,000 tpm for 5 min
and the supernatant was used as a DNA template in the
PCR process. The DNA concentration and putity were
assessed by reading the absorbance at 260 and 280 nm,
using a Ultrospec 2000 UV/Visible spectrophotometer
(Pharmacia, NJ, U.S.A.). First round PCR for HHV-8
DNA was done with the primers KS1 and KS2 for the
233-bp KS330,35-fragment of the HHV-8 (1). PCR pto-
duct was obtained in reaction buffer (10 mM Tris/HC,
pH 8.3, 50 mM KCl, 1.5 mM MgCLy), 5 uL of genomic
DNA, 50 pmol of each primer, 200 yM each of INTP,
and 2.5 U of AmpliTag Polymerase (Perkin Elmer, CA,
U.S.A) per reaction mixture at a final volume of 50 L.
The conditions for PCR analysis were as follows: initial
denaturation at 94°C for 2 min (1 cycle), denaturation
at 94°C for 1 min, annealing at 58C for 1 min, extension
at 72°C for 2 min (40 cycles), and final extension at 72°C
for 5 min using an GeneAmp PCR system 2400 (Petkin
Elmer, CA, U.S.A)). Second round PCR was also done
with nested primers using primers NS1 and NS2, ampli-
fying a 160-bp fragment internal to the KS1/KS2 pro-
duct (20). In chis analysis, 5 yL of first round PCR pro-
ducts was added to the PCR mixtures containing ptimets
NSI and NS2, and amplified as described above. After
the last cycle, 10 yL of reaction mixture was separated
by electrophotesis on 2% agarose gel, stained with ethi-
dium bromide, and photographed.
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Table 1. Sequence of the oligodeoxynucleotides used in the
PCR

Primer Deoxynuclectides sequence (5-3)
KS1 AGC-CGA-AAG-GAT-TCC-ACC-AT
KS2 TCC-GTG-TTG-TCT-ACG-TCC-AG
NS1 ACG-GAT-TTG-ACC-CCG-TGT-TC
NS2 AAT-GAC-ACA-TTG-GTG-GTA-TA
PCO3 ACA-CAA-CTG-TGT-TCA-CTA-GC
PCO4 CAA-CTT-CAT-CCA-CGT-TCA-CC

The human A-globin gene DNA was also amplified
with ptimers producing a 110-bp amplifier (PCO3,
PCO4), under the same conditions described above. It
was used as a positive internal control to demonstrate
the integtity of the DNA preparations and the absence
of PCR inhibitors (Table 1) (21). All primers were pu-
rified by PAGE and purchased from MicroNet Co.
(Dagjeon, Korea).

Direct sequencing of PCR products

The amplification products were purified from 2%
agarose gel. The UV-illuminated DNA bands of interest
(160 bp HHV-8 DNA fragment) wete cut out with
disposable scalpels and placed in DNA-collection tubes.
The DNA fragments wete recovered using the QIAquick
Gel Extraction Kit (QIAGEN, Inc., CA, U.S.A.) accord-
ing to the manufacturer’s instruction and quantified by
measuting absotption at 260 nm. The fragments were
directly sequenced by cycle sequencing using the ABI
PRISM™ BigDye™ Terminator Cycle Sequencing Ready
Reaction Kit (Perkin-Elmer, CA, U.S.A.). For each reac-
tion, 90 ng DNA were used as a template with 3.2 pmol
forward nested primer (NS1) and 8 yL terminator teady
reaction mix (A-, C-, G-, and T-Dye Terminator, INTP,
AmpliTag DNA polymerase, MgCl, Tris-HCl buffer,
pH 9.0). The sequencing PCR, denaturation at 96C for
10 sec, annealing at 50C for 5 sec, and extension at
60C for 4 min (25 cycles), as well as extraction of its
products by phenol chloroform and the preparation of the
samples were cartied out following the kit protocol.
Finally, the samples were loaded onto the ABI PRISM
377 DNA Sequencer (Perkin-Elmer, CA, U.S.A.) accord-
ing to the manufactures’ instructions.

RESULTS

Result of PCR

A total of 45 clinical samples were analyzed for the
presence of HHV-8 DNA. After first round PCR, none
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Table 2. Result of PCR and direct sequencing in patients with pemphigus vulgaris and pemphigus foliaceus

Case No/ Site Diagnosis Previous B-globin HHV-8 DNA DNA sequence Amino acid

Age (yr)/Sex ISTT 160 base pair variations substitutions

1/64/F Shin pv* - + + 1086 C—-T Ala — Val
1139 A—C Lys — GIn

2/36/F Back PV - + + 1082 G—C Ala — Pro
1086 C—-T Ala — Val
1139 A—C Lys — GIn

3a/41/F Back PV - + + 1086 C—T Ala — Val
1130 G—T Gly — Trp
1139 A—C Lys — GIn

30 Back PV - + + 1086 C—T Ala — Val
1130 G—T Gly — Trp
1139 A—C Lys — GIn

4/33/F Back PV - + + 1086 C—-T Ala — Val
1139 A—C Lys — GIn

5a/44/M Shoulder Y - + + 1060 A—C Isocoding
1139 A—C Lys — GIn
1187 G—C Als — Pro

5b Back (NS*) PV - + -

6/60/F Flank PV - + -

7a/38/F Abdomen PV - + -

7b Back PV - + + 1086 C—T Ala — Val
1139 A—C Lys — GIn

8/53/M Back PV - + -

9/30/F Back PV - + + 1086 C—-T Ala — Val
1139 A—C Lys — GIn

10/30/F Arm PF - + -

11a/62/M Back PF - + + 1077 C-T Ser — Phe
1086 C—-T Ala — Val

11b/62/M Chest PF - + - 1139 A—C Lys — GIn

12/43/M Neck KS - + + 1033 C-T Pro — Leu

*PV, pemphigus wulgaris; PF, pemphigus foliaceus; BP, bullous pemphigoid; EBA, epidermolysis bullosa acquisita; KS, Kaposi sarcoma

ST, immunosuppressive therapy, NS, normal-appearing skin

of the 45 specimens were positive for 233-bp sized
HHV-8 DNA. Seven of 9 patients with pemphigus
vulgatis (8 of 12 specimens) and 1 of 2 patients with
pemphigus foliaceus (1 of 3 specimens) were positive for
160-bp HHV-8 DNA by nested PCR (Table 2, Fig. 1).
In 1 patient with pemphigus vulgatis, lesional skin was
positive for HHV-8 but nonlesional, normal-appearing
skin was negative (Case 5a, Sb, Table 2). In 1 patients
with pemphigus vulgatis and 1 pemphigus foliaceus, 1
lesional skin of each patient was positive but another
lesional skin was negative for HHV-8. In another patient
with pemphigus vulgatis, both of lesional skins were
positive (Case 3a, 3b). HHV-8 DNA scteening by nested
PCR on 3 epidermolysis bullosa acquisita, 4 dermatitis
hetpetiformis, 7 Hailey-Hailey disease, 3 herpes simplex
vitus-positive skin specimens, 3 psotiasis, and 5 normal

M1 2 3 45 6 7 8 92 1011121314 M

160 bp

Fig. 1. Agarose gel electrophoresis of polymerase chain re-
action products of HHV-8 DNA with nested primers in pem-
phigus. M, molecular weight marker (DNA ladder, 100 bp); lane
1-12, pemphigus vulgaris (Case 1, 2, 3a, 3b, 4, 5a, 5b, 6, 74,
7b, 8, 9, respectively); lane 13, no human DNA; lane 14,
AlDS-associated Kaposi's sarcoma.
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Table 3. Detection of HHV-8 DNA in other blistering skin diseases and control samples

Diagnosis Number of tested samples Number of positive samples
Bullous pemphigoid 5 0
Epidermolysis bullosa acquisita 3 0
Hailey-Hailey disease 7 0
Herpes simplex 3 0
Psoriasis vulgaris 3 0
Normal skin 5 0
Total 26 0

160 bp

B-globin —»

Fig. 2. Nested-PCR ampilification of HHV-8 DNA in normal skin,
herpes simplex, and psoriasis. M, molecular weight marker
(DNA ladder, 100 bp); lane 1, no human DNA; lane 2, AIDS-
associated Kaposi's sarcoma; lanes 3-6, normal skin; lanes 7-9,
herpes simplex; lanes 10-12, psoriasis.

skin samples were negative for HHV-8 (Table 3, Fig. 2).
All specimens that were evaluated for the ptresence of
HHV-8 were positive for amplification of 110-bp sized
S-globin DNA as internal control, suggesting the ab-
sence of major PCR inhibitors in DNA samples.

Result of directing sequencing

Positive PCR products from pemphigus vulgatis and
pemphigus foliaceus were sequenced directly. The
sequences were almost identical with the prototypic
sequence for HHV-8 DNA and only a few base-pair sub-

A 1086 1086
CTGCAGCAGCTGTTGGTGI CTGCAGCAGTTGTTGGTGT
N SN A

~ATIN

HHV-8 Patient

stitutions in our DNA samples revealing multiple
sequence variability from the originally desctibed se-
quence (1) were found. Substitutions at 1086C—T and
1139A—C were detected frequently and translated into
amino acid substitutions, resulting in an alanine to valine
and lysine to glutamine replacement, tespectively. Two
specimens from one patient with pemphigus vulgaris
(case 3a, 3b, Table 2) showed the same sequence varia-
ton. Four of 8 HHV-8 positive pemphigus vulgaris
specimens had the same DNA sequence variation, while
other pemphigus vulgatis and pemphigus foliaceus spec-
imens had different DNA sequence variations (Table 1,
Fig. 3).

DISCUSSION

Viral infections, in particular herpesvirus infections,
have been identified as a possible triggering factor for
pemphigus. Also, in other acantholytic diseases, such as
Hailey-Hailey disease, herpes simplex virus (HSV) may
be able to induce or exacerbate Hailey-Hailey disease
lesions (22, 23). There are a few reports describing the
activation and/or exacerbation of pemphigus by viral
infection (12, 13, 18, 19). The development of pemphi-
gus vulgaris (PV) following HSV infection was first
mentioned in 1974 by Krain (14). Thereafter, besides
HSV, herpes zoster virus (15), cytomegalovirus (16), and
Epstein-Batr virus (17) wete also reported to exacerbate
or trigger pemphigus. Recently, Schlupen et al. (24)

B 1139 1139

{ {

Patient

HHV-8

Fig. 3. Direct sequencing of PCR product from pemphigus vulgaris reveals C to T transition at position 1086 (A) and A to C

at 1139 (B).
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reported three cases of pemphigus exacerbated by a HSV
infection, which was detected by polymerase chain reac-
tion. The treatment with acyclovir led to a noticeable
improvement of lesions in all three patients and a stop
to longer amplification of HSV-specific DNA by PCR.
Tufano et al. (25) also demonstrated the presence of
DNA sequences of herpes simplex virus 1/2 (50% in
petipheral mononuclear cells and 71% in skin lesions),
Epstein-Batt virus (15% in peripheral mononuclear cells
and 5% in skin lesions) and human herpesvirus 6 (20%
in peripheral mononuclear cells only) in patients with
pemphigus. However, the inability to detect herpesvirus
DNA consistently in their cases suggested that viral
infection may only be an occasional factor triggeting the
outbreak or exacerbation of the pemphigus. In addition,
there are other repotts demonstrating the association
between pemphigus and viral infection in which the onset
of pemphigus preceded that of the viral infection (26-30).
Until now, thete has been no definitive evidence con-
firming a significant association between HSV and pem-
phigus, although vituses ate a major contributing factor
at least in some cases of pemphigus.

In 1997, Memar et al. (18) have first reported HHV-8
DNA in a pemphigus vulgaris patient without HIV
infection or Kaposi’s sarcoma, and they subsequently
reported the presence of HHV-8 DNA in skin lesions
from six patients with pemphigus foliaceus and four of
six patients with pemphigus vulgaris irtespective of im-
munosupptessive therapy (19). The presence of HHV-8
DNA in periphetal blood mononuclear cells and lesional
skin, but not in normal skin from patients with pem-
phigus vulgaris and normal healthy controls (18, 19),
suggests that HHV-8 may be lesion specific and involved
in certain aspects of the pathogenesis of pemphigus.
Moreovet, in situ hybridization on some of the pem-
phigus wvulgaris lesions showed that HHV-8 DNA was
ptesent in the perilesional endothelial cells and basal
ketratinocytes (19). The results of our study showing the
presence of HHV-8 DNA in 8 of 12 pemphigus vulgatis
and 1 of 3 pemphigus foliaceus specimens and the lack
of HHV-8 DNA in other blisteting skin disorders and
control skin samples are in agreement with other studies
(18, 19). Therefore, HHV-8 might be an alternative virus
contributing to the activation ot exacerbation of pem-
phigus. However, the crucial question to be resolved is
whether this association is causal, with the virus trig-
geting the disease, or whether it is merely an incidental
finding and/or an associated phenomenon (25).

There may be several possible explanations for the
association of pemphigus and HHV-8. First, HHV-8
could simply be an opportunistic infection. Pemphigus
patients are usually treated with immunosuppressive
therapy for a long-term period, and in some cases of
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virus-associated pemphigus, viral infection occurs under
glucocotticoid therapy and develops in preexisting pem-
phigus lesions (29, 30). This means that the risk of
hetpetic infection might be potentiated by immunosup-
ptessive therapy. However, the pemphigus patients we
analyzed did not have the previous immunosuppressive
therapy, and the tesults of anothet study (19) were irte-
spective of immunosuppressive therapy. Second, there is
the possibility of correct positive results without any
pathogenetic relevance, meaning the petsistence of herpes
virus ot only viral DNA remained independently intact
as well as pathogenic viruses in the skin lesions (24).
Third, viruses might trigger pemphigus in a selective
group of patients. Hetpesvirus infections could poten-
dally mediate the tissue damage by upregulating and
increasing production of humoral and cellular factors that
contribute to the development of pemphigus (25) or
might enhance the presentation of autoantigens in genet-
ically prediposed patients (19). Intetferon-y produced by
virus-tesponding T cells induces the HLA expression of
class II on keratinocyte cell membranes, forming the
structural site of pemphigus antigen immunologically
active. In case of chronic viral infection or reactivation,
the cytokine ‘switch’ Th1—Th2 occurs, with the pro-
duction of IL-4 and IL-10, which further stimulates the
antibody tesponse. In this manner, the autoimmune cas-
cade is activated, and by means of cytotoxic effectors and
pathogenic autoantibodies, it can induce the appearance
of pemphigus (25, 31). Although the number of pub-
lished cases of pemphigus induced by a viral infection is
small, we cannot exclude the possibility that in the past
virus-associated pemphigus has been ovetlooked because
of a lack of knowledge concerning viral etiology, absence
of molecular technology, and no discovery of new vitus.

Howevet, other studies (32, 33) did not detect HHV-8
DNA in lesions of patients with pemphigus vulgaris and
pemphigus foliaceus, using PCR and in situ hybtidization
(32). Furthermote, analysis of serum samples did not
reveal circulating antibodies against the lytically induced
HHV-8 antigens, applying an immunofluotesence assay
on pemphigus vulgaris and paraneoplastic pemphigus
patients (32). They excluded HHV-8 as a major effect
in pemphigus. There may be several possible explanations
for the discrepant findings among studies concerning the
rate of HHV-8 DNA sequences detection in non-KS
lesions of the skin. Difference of patient population with
ot without HIV infection, sampling etrot such as insuf-
ficient number of cases, laboratory contaminations, differ-
ences of detection techniques, and the geographical dif-
ference in distribution of HHV-8 infection in different
countties can be sources for the discrepant results (34,
35).

The sequence vatiations from our samples were differ-
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ent from the results of Memar et al. (19). In their study,
1033 C—T, 1084 A—G, 1170 A—G substitutions ap-
peared in most of the samples sequenced. In our study,
HHV-8 DNA sequences revealed novel substitutions at
positions 1086 and 1139, leading to C-to-T and A-to-C
substitution, and alanine to valine and lysine to glu-
tamine teplacement, respectively. The significance of dif-
ferent nucleotide substitutions between HHV-8 DNA
sequences detived from pemphigus vulgaris and pem-
phigus foliaceus esions is not known.

Our findings together with others (12, 18, 19, 25)
have practical clinical importance, particulatly in view of
the various effective antiviral drugs now available. These
drugs may help prevent the appearance of the disease and
treat some patients. Also, unnecessary and potentially
hazardous treatments may be avoided in othets.

One of disadvantages of our study was the retrospec-
tive analysis of clinical samples by using formalin-fixed
and paraffin-embedded materials. In order to make clear
associations between pemphigus and HHV-8 or undet-
stand the role of HHV-8 in pemphigus, larger numbets
of pemphigus patients need to be screened prospectively
for HHV-8 in petipheral blood mononuclear cell, lesional
skin and normal skin. Addidonal assays to detect vitus,
such as in situ hybtidization, serologic assays, ot electron
mictoscopy, and animal studies should be included.
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