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Abstract

No previous studies have convincingly linked sweating disturbance with the subsequent development of lichen planus (LP).
Therefore, we investigated whether sweating disturbance could be specifically detected in LP lesions and how it could trigger
lesion development. We utilized the impression mold technique (IMT), which allows accurate quantification of individual
sweat glands/ducts actively delivering sweat in a well-defined location, to evaluate sweating disturbance in LP lesions. Pso-
riasis vulgaris (PsV) lesions were included as controls. Leakage of sweat and subsequent induction of chemokine expression
were immunohistochemically identified. Both baseline and thermal stimulus-induced sweating responses were markedly
impaired in LP lesions, as well as in PsV lesions. A marked difference, however, was found in normal-appearing perilesional
skin; “cold spots”, which were defined as a 1 mm? area with no sweat droplets, were specifically and abundantly detected
in perilesional LP skin, but not perilesional PsV skin. Leakage of sweat as evidenced by the immunohistochemical detec-
tion of dermcidin was specifically observed around the acrosyringium of these “cold spots” in LP, but not PsV, lesions and
associated with CXCL10 induction on neighboring keratinocytes and syringotropic migration of CXCR3" T cells. Leakage
of sweat into the dermo-epidermal junction would serve not only to decrease sweat delivery to the skin surface but also to
induce T-cell recruitment to the inflammatory site. Therapies for LP may be directed not only at ameliorating inflammatory
responses but also at preventing the leakage of sweat into the dermo-epidermal junction.
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Abbreviations

DCD Dermcidin

HC Healthy control

IL Interleukin

IMT Impression mold technique
LP Lichen planus

PsV  Psoriasis vulgaris

TNF  Tumor necrosis factor

upstream signal that facilitates the highly directed migra-
tion of pathogenic T cells to inflammatory lesions. Thus, it
remains unknown how pathogenic T cells are attracted to
specific tissue. Earlier studies by Akosa et al. [1, 2], which
demonstrated sweat gland abnormalities in LP and other
lichenoid dermatoses, provide an important clue to the iden-
tification of the upstream signal, although these studies have
received little attention.

Eccrine sweat glands have been shown to produce der-
mcidin (DCD), a novel antimicrobial peptide that has anti-

Introduction

The majority of clinical and experimental work on lichen
planus (LP) has focused on T cells [12, 18, 27, 28, 33-35]
while ignoring the identification and characterization of an
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microbial activity against a wide range of pathogens, such
as Escherichia coli, Staphylococcus aureus and Candida
albicans [15, 20]. In addition, interleukin (IL)-1a, IL-1f,
IL-6, IL-8, IL-31 and tumor necrosis factor (TNF)-a, many
of which have been implicated in the induction and main-
tenance of T-cell migration into the skin at diverse phases
of inflammatory responses, have been identified in human
sweat [4, 5, 7, 10, 22]. These observations suggest that
leakage of sweat into the epidermis and dermis may induce
T-cell accumulation and epidermal damage, both of which
are typically seen in LP lesions. Although this possibility has
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not yet been explored in LP, we have recently demonstrated
that leakage of sweat leading to sweating disturbance is
specifically detected in lichen amyloidosus (LA) within the
spectrum of lichenoid dermatoses, and that the resolution of
LA lesions can be induced by restoring sweating disturbance
upon treatment with a moisturizer [25].

In this report, we quantitatively evaluated sweating
responses at baseline and those following thermal stimu-
lus in involved and perilesional uninvolved areas in LP and
psoriasis vulgaris (PsV) patients together with control sub-
jects. We employed an impression mold technique (IMT)
that allows accurate quantification of each sweat gland/duct
activity in a well-defined location. Our results indicate that
each inflammatory disease displays its own unique pattern
of sweating disturbance in the lesion. In particular, leak-
age of sweat into the dermo-epidermal junction was spe-
cifically observed in normal-appearing perilesional LP skin
upon thermal stimulus and associated with the induction of
inflammatory chemokines. Thus, leakage of sweat is likely
to represent the earliest event in the immunoinflammatory
cascade leading to the recruitment and activation of T cells
in LP, but not PsV, lesions, through the induction of inflam-
matory chemokines.

Methods
Patients and samples

Ten patients with LP (male:female ratio, 7:3; mean
age + SEM, 45.4 + 6.4 years) and four patients with PsV
(male:female ratio, 3:1; mean age + SEM, 54.0 + 7.4 years)
diagnosed according to their clinical features and his-
topathological findings were enrolled in this study.
Eight healthy volunteers (male:female ratio, 6:2; mean
age + SEM, 31.1 +3.6 years) were also enrolled as the
healthy control (HC). The clinical data of all biopsy
specimens are summarized in Table 1. All subjects gave
informed consent and the Institutional Review Board of
Kyorin University School of Medicine approved this study
(H21-008-03). There was no significant difference in the
mean age between LP and PsV patients, and HC. Skin
biopsy specimens were obtained from the LP or PsV lesion
itself and adjacent perilesional skin. Some samples were
obtained 30 min after thermal stimulus for the detection
of leakage of sweat into the dermo-epidermal junction.

Table 1 Characteristics of
patients in this study

Patients no./ Involved sites

age, years/sex

Sampling of
impression mold

Underlying diseases

Lichen planus

26/F Leg, buttock Hip, thigh

76/M Leg, foot Lower leg, foot

39/M Buttock, thighs, inguinal region ~ Thigh

55/M Buttock, thighs Thigh Hepatitis C

37/M Extremities Lower leg, foot

14/M Trunk, legs Leg

71/F Leg, foot Leg Hypertension, cerebral infarction

27/M Leg, foot Leg Epilepsy

53/F Buttock Chest

56/M Buttock, extremities Abdomen, thigh ~ Hypertension
Psoriasis vulgaris

35/F Trunk, extremities Leg, arm

54/M Trunk, extremities Thigh Hypertension, hypergricemia

71/M Thigh, arm Thigh

56/M Trunk, extremities Leg, arm
Healthy controls

26/M Thigh

33/M Arm

29/F Thigh

30/M Trunk

24/M Arm

26/M Arm

55/F Thigh

26/M Arm
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IMT for evaluating sweating disturbance in LP, PsV
or HC before and after thermal stimulus

Sweating was induced by immersing both legs or a leg to
knee level for 30 min in a water bath maintained at 43 °C,
as previously described [26]. All measurements were per-
formed in an air-conditioned room (room temperature,
23+ 1 °C; and relative humidity, 45 +5%) and all patients
were allowed to acclimate to this temperature for at least
30 min prior to testing. Heart rate and blood pressure were
monitored during thermal stimulus.

To evaluate baseline or thermal stimulus-induced sweat-
ing responses, we employed IMT, as described in previous
studies including our own [11, 25, 30, 31]. The IMT allows
accurate quantification of sweat glands actively delivering
sweat and volume of sweat produced. Silicone material was
spread onto sweating skin before and after thermal stimulus.
As the silicone hardened, it retained the impressions of the
sweat droplets as they emerged from the sweat ducts and
pushed up into the mold. Impression molds generally hard-
ened within 3—4 min and were subsequently removed. The
number and diameter of sweat droplets were counted and
measured using a dissecting microscope. IMT samples were
obtained from LP and PsV lesions themselves together with
clinically normal-appearing perilesional skin before and
after thermal stimulus. In some experiment (Fig. 1), IMT
samples were also obtained from uninvolved skin on the
opposite side as controls. The number of sweat droplets was
expressed as that per square centimeter.

To investigate whether sweating disturbance could be
detected in the earliest LP lesion, we also determined the
number of sweat droplets in normal-appearing perilesional
skin, which was further divided into two parts according to
the distance from the lesion: 10 mm <and > 10 mm. In addi-
tion, to detect the initial sweating disturbance, we examined
whether there was a “cold spot” of sweat droplets in perile-
sional skin. To do this, we calculated the number of areas
in which sweating droplets were never detected within the
range of 1 mm? in perilesional skin, and these areas were
defined as “cold spots”. For each sample, at least three ran-
domly selected fields were assessed. Samples were analyzed
by two independent investigators (YM and YY) in a blinded
manner. The assessments of each observer were not signifi-
cantly different.

Immunohistochemical analysis

Immunohistochemical examinations were performed
using serial paraffin sections of formalin-fixed materials,
as previously described [25, 30]. Biopsy specimens from
patients were obtained in each case, including those from
the lesion itself and perilesional uninvolved areas, some
of which were obtained before and 30 min after thermal

stimulus, as indicated. Control specimens were also col-
lected from patients without any evidence of lichenoid tis-
sue reaction and sweating disturbance, most of which were
obtained from benign cutaneous tumors. Biopsy specimens
were fixed in 10% buffered formaldehyde and embedded in
paraffin. Sections were stained with hematoxylin and eosin
for routine histological examination. Other sections were
deparaffinized and rehydrated. Then, sections were stained
using a two-step immunostaining kit (DAKO EnVision™
+ Dual Link, No. 4063; DAKO, Glostrup, Denmark). In
brief, biopsy sections were incubated with primary anti-
bodies overnight at 4 °C. The following primary antibod-
ies were used: anti-DCD mAb (sc-33656; Santa Cruz,
CA, USA), anti-CXCL10 mAb (500-P93, Peprotech, NJ,
USA) and anti-CXCR3 mAb (557183, BD Pharmingen,
NJ, USA). Specimens were then incubated with horse-
radish peroxidase-conjugated goat anti-mouse IgG for
30 min at room temperature. In some experiments, dou-
ble staining for CXCL-10 and CD3 was performed using
anti-CXCL-10 mAb followed by anti-CD3 mAb (A0452,
DAKO). Enzyme reactions were developed with conven-
tional substrates for chromogen (K3464, DAKO).

Statistical analysis

Data are expressed as mean + SEM and significant dif-
ferences between groups were determined using one-way
ANOVA, Tukey—Kramer’s test or Dunnett’s test. Signifi-
cance was defined as p value of 0.05 or less for all tests.

Results

Evidence suggestive of sweating disturbance
in the development of LP

The starch—iodine test performed on LP lesions (Fig. 1a,
b) under baseline conditions without any stimulus showed
reduced baseline sweating at the affected site. In IMT
measurement, baseline levels of sweating responses with-
out any stimulus, as evidenced by the number of sweat
droplets, were markedly reduced in lesional skin, while
no significant sweating disturbance was observed in unin-
volved skin on the opposite side compared with those in
HC (Fig. 1c). These results prompted us to investigate
whether sweating disturbance, as evidenced by a decrease
in the number of sweat droplets, could also be detected
even after thermal stimulus in LP lesional and perilesional
skin. In addition, we also evaluated how sweating distur-
bance could trigger lesion development.
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Fig. 1 Starch—iodine test and IMT under baseline conditions without
any stimulus in lesional LP skin, uninvolved normal-appearing skin
on the opposite thigh of the LP patient or HC. a Clinical findings of
representative LP lesions. Multiple violaceous, erythematous pap-
ules are noted in the inner aspect of the thigh. b The starch—iodine
test showed a reduced sweating response limited to lesional and per-
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ilesional LP skin. ¢ In the IMT, the number of sweat droplets in the
thigh from the HC (white bar) and uninvolved skin on the opposite
thigh of the LP patient (gray bar) and LP lesional (dark bar) skin
in the thigh under baseline condition. Data are expressed as the
mean+SEM (n=6). *p <0.05
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Sweating responses to thermal stimulus in control
subjects, and LP and PsV patients

The number and size of sweat droplets in HC peaked at
30 min and the sweat droplets thus detected were evenly

distributed in the area tested and typically located at the
folds (Fig. 2). As shown in Figs. 3 and 4, the number and
diameter of sweat droplets detected in LP and PsV lesions
30 min after thermal stimulus were profoundly decreased
compared with those in HC (Fig. 2). Even at the perilesional

Fig.2 Representative silastic molds obtained from the thigh of HC 30 min after thermal stimulus. a Sweat droplets are evenly distributed.
Bar1 mm. b Close-up view of the sweat droplets usually detected at the folds. Bar 500 pm

Fig.3 Representative silastic molds from LP (left) or PsV (right)
lesions 30 min after thermal stimulus. High-power field view of LP
(a) and PsV (b) lesional and perilesional areas in the thigh. High-
power field view of perilesional skin (<10 mm away from lesions)

of LP (c¢) and PsV (d). Bars 500 pm. The lesional area is indicated by
dotted lines. Sweat droplets are visualized as small holes correspond-
ing to sweat pores
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Fig.4 Differences in the mean number and diameter of sweat drop- » a = HC = LP PsV
lets 30 min after thermal stimulus in LP or PsV lesions. a The mean

number of sweat droplets in HC (white bar) and in the perilesional 200 -
skin site 10 mm<and > 10 mm away from LP (gray bar) and PsV
(hatched bar) lesions. b The mean diameter of sweat droplets in each
condition. ¢ Frequencies of “cold spots” in normal-appearing perile-
sional skin of these lesions. Frequencies of “cold spots” were calcu-
lated using the following formula: [the number of cold spots without
sweat droplets in the perilesional skin / the number of cold spots
without sweat droplets + the number of non-cold spots with any sweat
droplets in the perilesional skin] X 100. For each sample, at least three
randomly selected fields were assessed. Data are expressed as the
mean +SEM. *p <0.05, **p<0.01
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site, a profound decrease in the number and diameter of

sweat droplets was observed in LP (Figs. 3a, c, 4a), but not 50 1

PsV (Figs. 3b, d, 4a), lesions. Thus, sweat volume per square

centimeter was profoundly decreased in lesional and perile-

sional LP skin (data not shown). There was no significant 0 . .

regional difference in the extent of the decrease in the num- HC
bers of sweat droplets in LP lesions according to the regions
examined, as far as we examined the lower legs, thigh and

lesion  <10mm >10mm
perilesion

oy

abdomen. 150 4
More importantly, a marked, pin-point loss of sweat drop- - >
lets, which we referred to as “cold spot”, was also observed E *
in the uninvolved perilesional site of LP (Fig. 3c). This drop- e
let-loss area was clinically invisible at the time of IMT but %— 100 4 ~} %
clinically manifested within 2-3 days unless treated (data o j-' % L
not shown), suggesting that this area would be destined to ° = o
become lesional. The preferential abundance of cold spots at P
the perilesional site was confirmed in the skin site < 10 mm ?,
away from LP lesions (Fig. 3c), but not the corresponding 6 50
skin site in PsV lesions (Fig. 3d). We next investigated how §
many “cold spots”, which were defined as a 1-mm? area with “E’
no sweat droplets, could be detected in normal-appearing %
perilesional skin (< 10 mm away from the lesion) in LP and 0 7

PsV. As shown in Fig. 4c, frequencies of “cold spots” were

the highest in the perilesional LP skin. In contrast, “cold HC lesion  <10mm >10mm
spots” were rarely found in perilesional PsV skin; in other perilesion
words, any sweating disturbance could not be detected in 60 - o

the perilesional PsV skin. Thus, the marked difference in

sweating disturbance between LP and PsV was typically 50 A I

observed in normal-appearing perilesional (< 10 mm) LP
and PsV skin. These results suggest that the abundance of
“cold spots” in normal-appearing perilesional skin is a hall-
mark of LP. This finding suggests the involvement of sweat-
ing disturbance as a trigger for the development of LP.

30 ~

20 ~

frequencies of cold spots O
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N

o

Superficial blockage of sweat ducts responsible 104 [T
for decreased sweating capacity

The abovementioned data could be alternatively inter- HC LP PsV
preted as an absence of active eccrine glands/ducts able perilesion
to produce sweat in the LP lesion. Thus, to test the ability

of sweat glands to produce sweat, we investigated whether
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Fig.5 Immunohistochemical detection of DCD expression in sweat glands in LP (a) and PsV (b) lesions, and control specimens obtained from
benign cutaneous tumors (c¢). Biopsy specimens were obtained under baseline conditions without any stimulus to induce sweating. Bars 20 pm

dermcidin (DCD) specifically produced by sweat glands
could be detected in sweat glands in lesional skin [19, 23].
As shown in Fig. 5, DCD was expressed in the cytoplasm
of dark cells and luminal membranes of eccrine glands, but
not in sweat ducts, in LP (Fig. 5a) and PsV lesions (Fig. 5b),
and HC (Fig. 5¢). Strong staining for DCD was also detected
in amorphous, intraluminal materials seen in the enlarged
lumen of glands and ducts in LP, suggesting retention of
sweat (Fig. 5a). The amorphous materials suggestive of
retention of sweat were detected in approximately >90%
sweat glands/ducts in the LP lesions. After thermal stimulus,
however, the amorphous materials were markedly decreased,
but remained detected in the lumen of the sweat glands (data
not shown). These findings suggest that sweat glands in LP
lesions have sufficient ability to produce sweat, but the abil-
ity to deliver sweat to the skin surface could be impaired
by unknown mechanisms. However, because keratinous
plugs capable of causing sweat duct obstruction were never
observed in the “cold spots” of the perilesional site of LP
lesions, defective sweat delivery to the surface observed in

LP lesions could be due to the functional defects or duct
fragility.

Leakage of sweat into the dermo-epidermal junction lead-
ing to the development of LP lesions could be investigated
if it were possible to identify an area of clinically normal
skin that was destined to become lesional skin. We, there-
fore, investigated whether leakage of sweat could be detected
after, but not before, thermal stimulus in a cold spot of per-
ilesional LP skin (Fig. 6a). As shown in Fig. 6b, c, cold spots
were found in lesional and perilesional LP skin of the dorsal
surface of the foot, where skin surface patterns composed
of skin folds and ridges were not yet disturbed. As shown
in Fig. 6e, f, DCD expression in intraluminal materials, i.e.,
retention of sweat, was detected up to the portion around the
dermo-epidermal junction in normal-appearing perilesional
LP skin under baseline condition. Positive staining for DCD
was only observed in the lumen of the acrosyringium in the
lower basal epidermis (closed arrow in Fig. 6f), suggesting
that sweat delivery to the skin surface would be functionally
impaired in ducts at levels close to the dermo-epidermal
junction.
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Fig.6 Relationship among clinical findings, silastic molds and DCD
expression in LP lesion and clinically normal-appearing perilesional
skin. a Clinical finding of LP lesion (asterisk) and perilesional skin
(double asterisk) in the dorsal foot of a patient with LP. b Silastic
molds in lesional skin 30 min after thermal stimulus. Bars 500 pm.
¢ Silastic molds in normal-appearing perilesional skin 30 min after
thermal stimulus. d Silastic molds in uninvolved skin on the oppo-
site side 30 min after thermal stimulus. e DCD expression in eccrine

@ Springer

glands and ducts in clinically normal-appearing perilesional LP skin
under baseline conditions. Bars 100 pm. f High-power field view of
e. DCD expression in the upper part of dermal and intraepidermal
eccrine ducts under baseline conditions. Expression of DCD-positive
dots is restricted to the lower part of the epidermis (closed arrow),
but not the middle part (open arrow), suggesting impairment of sweat
delivery at this point. Bars20 pm
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Induction of chemokine receptor by leakage
of sweat

We hypothesized that if leakage of sweat into the epidermis
was actually an initial event necessary for T-cell recruit-
ment in LP lesions, then inflammatory chemokines, such
as CXCL10 able to attract a specific T-cell subset (e.g.,
CXCR3* effector memory T cells), would be induced upon
leakage of sweat into the dermo-epidermal junction in the
cold spots of normal-appearing perilesional skin. Indeed, a
previous study clearly demonstrated that DCD can stimulate
keratinocytes to express CXCL10 [17].

As shown in Fig. 7a, immunohistochemistry of the cold
spots in normal-appearing perilesional LP skin showed that
DCD was specifically detected around eccrine ducts within
the epidermis (acrosyringium) when biopsy specimens were
obtained at 30 min after thermal stimulus. In contrast, no
DCD expression was detected around the acrosyringium in
PsV lesions even after thermal stimulus (Fig. 7b). Impor-
tantly, the presence of DCD around the acrosyringium in
perilesional LP skin was associated with CXCL10 expres-
sion by the surrounding keratinocytes (Fig. 7c) and syrin-
gotropic migration of CXCR3" T cells (Fig. 7e), a finding
not observed in PsV lesions (Fig. 7d, f). Syringotropic infil-
trates were composed of CD3* T cells: CD3* T cells infil-
trated into CXCL10" epidermal keratinocytes in earlier LP
lesions (Fig. 8), at which time epidermal damage was not yet
detected. These results indicate that leakage of sweat around
the acrosyringium would represent the actual early event that
can trigger migration of CXCR3* T-cell infiltrates directed
toward the intraepidermal portion of eccrine ducts through
the induction of CXCL10 expression by keratinocytes.

Discussion

In this study, we have demonstrated with the use of IMT that
“cold spots”, defined as a 1-mm? area without sweat drop-
lets, were specifically and abundantly detected in normal-
appearing perilesional LP skin, but not normal-appearing
perilesional PsV skin. In addition, after thermal stimulus,
leakage of sweat around the acrosyringium was immunohis-
tochemically identified in the “cold spots”, which became
lesional unless treated. Thus, leakage of sweat into the
acrosyringium could act as a trigger for the development
of LP lesions and result in localized hypohidrosis, as evi-
denced by the abundance of cold spots in normal-appearing
perilesional LP skin. The abundance of cold spots in normal-
appearing perilesional LP skin is unlikely to indicate a sec-
ondary event that requires the prior lymphocytic infiltrates
and rather represents the actual early event that triggers
syringotropic lymphocytic infiltrates. In contrast, sweating

disturbance in PsV lesions would represent secondary events
that require prior inflammation.

How does sweating disturbance trigger syringotropic
lymphocytic infiltrates? Here, we clearly demonstrated that
sweat pours into the dermo-epidermal junction due, in part,
to functional duct blockage or duct fragility at the acrosyrin-
gium, thereby causing syringotropic migration of CXCR3*
T cells toward CLCX10* keratinocytes. In support of this
view, recent studies have demonstrated that DCD could
stimulate keratinocytes to express a variety of cytokines/
chemokines, such as TNF-a, CXCL10 and CXCLS8 [17]. A
consensus has emerged from these and other studies [13,
32, 33, 35] that CXCR3 and CCRS5, which preferentially
mark effector/memory T cells, are cell-surface chemokine
receptors that guide the T cells to inflammatory sites
while CXCR4 and CCR?7 are associated with constitutive
migration of T cells through lymph nodes [8, 16]. Because
CXCR3, expressed primarily on activated effector/memory
T cells that infiltrate inflammatory sites, is involved in Th1-
biased immune responses [21], activated Th1 effector/mem-
ory T cells could efficiently migrate to CXCL10-expressing
keratinocytes in LP lesions. Thus, because of inclusion of
human sweat, such as proteolytic enzymes or many kinds
of cytokines, the proinflammatory recruitment of T cells
would be initiated and further amplified by the leakage of
sweat in the dermo-epidermal junction. Nevertheless, we
could not totally exclude the possibility that leakage of sweat
around acrosyringium could represent a secondary event to
the epidermal damage induced by lichenoid inflammation.
Our data, however, that leakage of sweat around acrosy-
ringium observed in cold spots after thermal stimulus was
only associated with non-epidermotropic marginal cellular
infiltrates but with subsequent development of LP lesions
in some of the cold spots while the lichenoid infiltrates was
never associated with leakage of sweat could be interpreted
as suggesting that leakage of sweat could be necessary but
not sufficient for initiating a complex sequence of events
leading to CXCL10 expression on keratinocytes and epi-
dermotropic migration of CXCR3™T cells. Interestingly,
similar leakage of sweat into the dermo-epidermal junction
was also observed in LA lesions [25]. A difference, how-
ever, was noted in the distribution pattern of hypohidrosis
areas between LP and LA; in particular, no “cold spots”
were detected in perilesional LA skin [25]. This may help
to explain the different clinical pictures of both lichenoid
dermatosis: LP papules often coalesce into plaques while
LA papules do not.

It remains unknown, however, how sweat can migrate
into the epidermis in LP lesions despite the presence of
tight junctions (TJs). TJs, which are found in epithelial
cells have been thought to play a role in maintaining
permeability barrier function, thereby preventing free
diffusion of macromolecules. The acrosyringium lacks
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Fig.7 Expression of DCD, CXCL10 and CXCR3 30 min after ther-
mal stimulus in normal-appearing perilesional skin of LP (left) and
PsV (right) lesions. a Leakage of DCD into keratinocytes around
the acrosyringium in LP lesions. b DCD expression was found
only in the lumen within the acrosyringium in PsV lesions, but not
by keratinocytes. ¢ CXCL10 expression by keratinocytes around

@ Springer

the acrosyringium in LP lesions. Inset, close-up view of CXCL10*
keratinocytes. d No CXCL10 expression by keratinocytes around the
acrosyringium was observed in PsV lesions. e CXCR3 expression by
syringotropic T-cell infiltrates beneath the epidermis of LP lesions. f
No expression of CXCR3 by T-cell infiltrates beneath the epidermis
was observed in PsV lesions. Bars 20 pm (a—f) and 10 pm (inset)
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Fig.8 CXCLI10 expression (red) by keratinocytes and CD3 expres-
sion (blue) on the infiltrating T cells in the earlier LP lesions. Adher-
ence of CD3* T cells to CXCL10" epidermal keratinocytes was
observed in the lesions. Bars 20 pm

functional TJ and thus may allow the leakage of sweat.
Because leakage of sweat rarely occurs in diverse physi-
ological and pathological settings other than LP and
lichenoid dermatoses, the acrosyringium could have an
alternative barrier system. In this regard, there have been
some reports indicating that herpesvirus infection could
alter TJ function [6, 29], suggesting that viral infection
may also affect the alternative barrier system. Consistent
with this possibility, a number of skin diseases including
LP have been shown to develop in the previously involved
site of herpes zoster [3, 14, 24].

Our results suggest that the leakage of sweat into the
dermo-epidermal junction may be recognized as an early
event with specific contribution to disease expression
in LP. Many pathological events preceding and during
inflammatory responses could be attributed to the effects
of sweat migrating into the epidermis. Thus, therapies for
LP could be directed not only at ameliorating inflamma-
tory responses in the lesion itself but also at preventing
the leakage of sweat into the dermo-epidermal junction
in lesional and perilesional skin, as successfully treated
in LA [25].
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