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morphea and lichen sclerosus by polymerase chain reaction (PCR) analysis of of skin biopsy

Background Borrelia burgdorferi (Bb) infection has been implicated in the development of
morphea and lichen sclerosus; however, con¯icting results have been reported with different
investigational methods from different regions. We looked for evidence of Bb in patients with
samples.
Methods Formalin-®xed, paraf®n-embedded skin biopsy samples from 10 patients with
morphea and 12 patients with lichen sclerosus were investigated by PCR analysis for the
presence of Bb.
Results The presence of Bb DNA was demonstrated in three of 10 patients with morphea
and six of 12 patients with lichen sclerosus by nested PCR.
Conclusions The data obtained in this study suggest that Bb may play a role in the
etiopathogenesis of both morphea and lichen sclerosus at least in the western parts of Turkey.

Introduction
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Morphea and lichen sclerosus are connective tissue disorders
of unknown etiology,1,2 that are characterized by
in¯ammatory in®ltrates in the initial stages, and thickened
bundlesof collagen in the later stages.2,3 A familialoccurrence
has been described in isolated cases of morphea and lichen
sclerosus. Also, in the etiopathogenesis, trauma, vaccination,
radiotherapy, hormonal factors, and infections have been
implicated.1,2 In recent years, there have been some reports
linking lichen sclerosus and morphea to Borrelia burgdorferi
(Bb) infection, supporting a possible etiologic relationship
between these two skin disorders.4±12 This may be important,
as the coexistence of morphea and lichen sclerosus has
occasionally been reported.6,13 On the other hand,
controversy between the reports about the actual role of Bb
in the etiopathogenesis of morphea and lichen sclerosus
remains to be solved.5,8±12,14±24
Different direct and indirect investigational methods,
including serologic tests, demonstration of spirochetes in
tissues, culture of spirochetes, lymphocyte proliferation
tests, and polymerase chain reaction (PCR), were used to
detect Bb in morphea and lichen sclerosus patients;5,8,9,25
however, reliable data could not be obtained due to
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technical limitations. The culture of Bb from tissue biopsies
is generally unsuccessful, and microscopic detection of the
spirochete is not sensitive.25±27 Indirect methods, such as
serology, are limited by low sensitivity and cross-reactions.25,26,28 The PCR technique, which can amplify
speci®c target DNA sequences one million times, has
provided new possibilities for the detection of many
microorganisms including Bb.27,29±31 Recently, this technique has also been used for the determination of the role
of Bb in the etiology of morphea and lichen sclerosus;
nevertheless, the results were still controversial from
different countries.8,11,12,17±24 In this ®rst study from
Turkey, nested PCR was used to amplify selectively Bb
speci®c gene from formalin-®xed, paraf®n-embedded tissue
biopsies obtained from patients with morphea and lichen
sclerosus.

Materials and methods
Twenty two patients with morphea and lichen sclerosus from the
western parts of Turkey were included in the study (Fig. 1). The
mean age was 37.2 years (range, 7±68 years). The clinical
diagnosis of morphea and lichen sclerosus was con®rmed by
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Figure 1 (a) Sclerotic morphea lesion. (b) Lichen sclerosus
lesion showing follicular keratoses
Figure 2 (a) Hyperkeratosis of the epidermis, increased

histologic criteria (Fig. 2). Two of 10 morphea patients also
showed clinically lichen sclerosus-like lesions and three of 12
lichen sclerosus patients also showed clinically morphea-like
lesions. Two patients with lichen sclerosus showed genital

pigmented melanocytes in the basal layer, and thickened
collagen bundles in the super®cial and reticular dermis of the
morphea lesion (3200). (b) Atrophy of the epidermis, loss of
rete ridges, and hydropic degeneration of the cells in the
basal layer of the lichen sclerosus lesion (3100)

lesions. The onset of the clinical lesions was between 2 months
and 6 years before the biopsies were performed. None of the
patients had been speci®cally treated with antibiotics for
suspected spirochetal infection before the skin biopsies were
taken. Two patients with morphea remembered a tick bite. Ten
patients (mean age, 41.1 years; 11±74 years) without any
symptoms of Lyme disease and who did not have morphea or
lichen sclerosus lesions were taken as the control group. After
their skin biopsies had been taken, doxycycline therapy was
given to all patients for 3 weeks and con¯icting results were
obtained. This study was approved by an ethics committee and
the patients gave their informed consent.

DNA isolation
DNA extraction from formalin-®xed, paraf®n-embedded tissue
sections was performed as described with some modi®cations.32
After deparaf®nization and proteinase K digestion, supernatant
was directly used as a template for PCR.
ã 2000 Blackwell Science Ltd

Primers
Bb European strain ¯agellin gene speci®c two primer sets
designed by Melchers et al.27 were used for PCR. The sequences
for the ®rst set of primers were: sense: 5¢ GAT AAA AAC GAA
GAT AAT CG; antisense: 5¢ ACT AGG ATC TGT GGA TAT TC;
they ampli®ed a 356 base pair (bp) DNA fragment of the Bb
European strain. The second set of primers which produced a
126 bp product were used for nested reaction. The sequences of
the nested inner primers were: sense: 5¢ CCA ACT TTA TCA AAT
TCT GC; antisense: 5¢ AGG ATC TAT TCC AAA ATC (Genemed
Synthesis, Inc., USA).
PCR ampli®cation and detection of sequence products
Bb speci®c target sequences were ampli®ed in a 30 mL reaction
mixture containing 10 3 PCR buffer (Promega), 1.5 mM MgCl2,
200 mM each of deoxyribose triphosphates, 20 pmol each of
International Journal of Dermatology 2000, 39, 278±283
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Table 1 The PCR results of the study patients with morphea
and lichen sclerosus and of the control group

Positive PCR
Negative PCR
Total

Morphea
patients

Lichen sclerosus
patients

Control group

3
7
10

6
6
12

0
10
10

primer, and 1.25 U Taq DNA polymerase (Promega). In the ®rst
step, the 356 bp fragment was ampli®ed in a programmable
heating block (PTC-100TM, MJ Research, USA). After initial
denaturation at 95 °C for 7 min, 35 cycles of PCR were
performed: 1 min at 94 °C, 1 min at 37°C, and 1 min at 60 °C.
Subsequently, 0.5 mL of this product was used as a template in
the second PCR with nested primers in the same PCR mixture.
Ampli®cation of the 126 bp fragment was performed under the
following conditions: 35 cycles of 1 min at 94 °C, 45 s at 50 °C,

Figure 3 Nested PCR detection of Borrelia burgdorferi in
Lyme patients: lane 1, amplisize DNA size standard (50±
2000 bp ladder); lane 2, ®rst PCR product of positive control
(356 bp); lane 3, second PCR product of positive control
(126 bp); lane 4, ®rst PCR product of negative control; lane
5, second PCR product of negative control; lane 6, second
PCR product of patient 1 (Borrelia burgdorferi positive);
lane 7, second PCR product of patient 3 (Borrelia
burgdorferi positive); lane 8, second PCR product of patient
2 (Borrelia burgdorferi negative); lane 9, second PCR
product of patient 4 (Borrelia burgdorferi negative); lane 10,
second PCR product of patient 7 (Borrelia burgdorferi
positive)

1 min at 72 °C, and 7 min at 72 °C for ®nal extension. For each
PCR reaction, Bb European strain ¯agellin gene speci®c DNA
obtained from Bb amplimer inserted InvitroGen TA-vector
(pCR#2.1) (a generous gift of Willem J.G. Melchers, University
Hospital Nijmegen, Nijmegen, Netherlands) was used as a
positive control and distilled water as a negative control. We also
used control tissue biopsies as negative control obtained from 10
patients with different diagnoses. PCR products were analyzed
by ethidium bromide staining of agarose gel electrophoresis and
visualized by UV light.

Results
A speci®c 126 bp ampli®cation product was detected in
three of 10 patients with morphea and six of 12 patients
with lichen sclerosus (one showed genital lesions) by nested
PCR (Table 1). In contrast, no speci®c ampli®cation was
seen in the 10 DNA samples obtained from control tissue
biopsies and negative control (distilled water) (Fig. 3). The
speci®c ampli®cation was observed from DNA obtained by
Bb amplimer inserted InvitroGen TA-vector (pCR#2.1).
Discussion
Lyme disease is a multisystem illness caused by the
spirochete Bb. Cutaneous manifestations include ``erythema migrans,'' ``Borrelia lymphocytoma,'' and ``acrodermatitis chronica atrophicans''.33 Various types of sclerotic
and atrophic skin lesions have been reported in association
with acrodermatitis chronica atrophicans, lymphocytoma,
and Lyme arthritis.33±35
Since the relationship between Bb and morphea was ®rst
reported by Aberer et al.4 from Austria, many investigaInternational Journal of Dermatology 2000, 39, 278±283

tions have been conducted to look for a possible association between this microorganism and morphea or lichen
sclerosus. Different diagnostic approaches have been used
and con¯icting results have been reported.4,5,7±12,14±23
Current laboratory diagnosis consists of a variety of
serologic assays for detection of antibodies to Bb which
can be achieved within days;26 however, this approach is
limited by low sensitivity (false negativity), low speci®city
(false positivity), signi®cant intra- and interlaboratory
variability, and by the fact that only the patient's response,
not the spirochete itself, is recognized.19,26,28 The diagnosis
of Lyme disease based on the culture of the spirochete is
less than ideal because of the complexity, the time
required,31 and the high number of false negatives.11 Also,
false negative results have been reported frequently with
lymphocyte proliferation tests.36 Recently, attention has
focused on the ampli®cation of DNA with PCR as an aid in
diagnosis.11,26,27 PCR is being increasingly used to detect
even small numbers of infectious agents that may be
dif®cult or impossible to grow in culture.8,11 The potential
sensitivity, speci®city, and rapid return of the results of
PCR make it a particularly appealing procedure for
detecting Bb,31,37 The PCR technique was also used to
investigate Bb in patients with morphea and lichen
sclerosus. The results of these studies are listed in
Table 2.8,11,12,17±24
PCR analysis has been used to investigate the roles of
many infectious microorganisms in the pathogenesis of
some cutaneous diseases. Several dermatologic diseases and
associated microorganisms, linked by PCR, have been
reported: erythema induratum of Bazin, papulonecrotic
ã 2000 Blackwell Science Ltd
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Table 2 The results of studies investigating Borrelia burgdorferi in morphea and lichen sclerosus patients by polymerase chain
reaction8,11,12,17±24
Country

Year

Diagnosis and number of patients

Positive PCR results

Germany

1993

17
22
21
19
18

Netherlands
Finland
Germany
USA
USA

1993
1994
1995
1995
1995

M: 9 patients
LS: 6 patients
None
None
None
None
None

11
20

Italy
USA

1996
1996

12

Germany

1997

12

Japan

1997

12

USA

1997

24

USA

1997

23

Spain

1997

This study

Turkey

1998

M: 9 patients
LS: 6 patients
M: 12 patients
M: 7 patients
M: 30 patients
M: 30 patients
M: 20 patients
LS: 10 patients
M: 10 patients
M: 28 patients
LS: 7 patients
M: 4 patients
LS: 10 patients
M: 5 patients
LS: 3 patients
M: 10 patients
LS: 21 patients
M: 13 patients
LS: 13 patients
M+LS: 1 patient
M: 6 patients
LS: 8 patients
M: 10 patients
LS: 12 patients

8

M: 6 patients
None
M: 3 patients
LS: 2 patients
M: 2 patients
None
None

None
M: 3 patients
LS: 6 patients

M, morphea; LS, lichen sclerosus; PCR, polymerase chain reaction.

tuberculid, sarcoidosis, and Mycobacterium tuberculosis;38±40 alopecia areata and cytomegalovirus;41 erythema
multiforme and herpes simplex;42,43 Kaposi's sarcoma and
human herpes virus type 8;44 lichen planus and hepatitis C
virus;45 oral lichen planus and human papillomavirus;46
pityriasis rosea and human herpes virus type 7.47
PCR sensitivity was higher when fresh frozen skin
specimens were used than when formalin-®xed, paraf®nembedded tissues were employed as specimens.37 In our
study, formalin-®xed, paraf®n-embedded tissues were
investigated. Con¯icting results have been obtained from
different geographic regions concerning positive results for
Bb in morphea and lichen sclerosus patients.5,8±11,14±23
While positive results were reported from Austria, Switzerland, Germany, Italy and Japan, negative results were
reported from Denmark, France, Netherlands, Spain,
Finland, and the USA.8±12,17-24 To explain these con¯icting
results, differences in the prevalence of antibodies in the
general population or differences between Borrelia strains
isolated in Europe and the USA have been evoked.16
Recently, three separate genospecies have been identi®ed:
B. garinii, B. afzelii, B. burgdorferi sensu stricto. All three
strains are present in Europe, but only B. burgdorferi sensu
stricto is present in the USA.34 Also, clinical variations of
Lyme disease have been detected among different regions
ã 2000 Blackwell Science Ltd

and this was correlated with different strains of Bb.48,49 In
North America, Bb DNA was undetectable in patients with
morphea. These negative ®ndings might be because
B. burgdorferi sensu stricto, the predominant strain in
North America, has never been found in association with
late dermatologic manifestations of Lyme disease.37 It has
been suggested that only infection with certain strains of
Bb would lead to the development of morphea; this may
also be true for lichen sclerosus. This may explain the
con¯icting data obtained from different regions.34 Also, the
genetic background was emphasized as being important for
the immune response to Bb. Thus, it has been proposed
that the middle European population might have a
common genetic predisposition for developing sclerotic
skin lesions during a Bb infection.48 Although PCR
sensitivity is lower for paraf®n-embedded tissues, the high
positive results in our study suggest that Bb may play a role
in the pathogenesis of both morphea and lichen sclerosus,
at least in the western parts of Turkey.
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