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Oral lichen planus (OLP) is a chronic inflammatory disease displaying ultrastruc-
tural disturbances in epithelial hemidesmosomes. The expression of several key
hemidesmosomal components in OLP as well as in normal buccal mucosa is, how-
ever, unknown. The aim of the study was therefore to examine intracellular and
extracellular components involved in hemidesmosomal attachment, in OLP (n = 20)
and in normal buccal mucosa (n = 10), by immunofluorescence. In normal buccal
mucosa, laminin-o3y2, integrin-«6$4, CD151, collagen o-1(XVII) chain, and dys-
tonin showed linear expression along the basal membrane, indicating the presence
of type I hemidesmosomes. Plectin stained most epithelial cell membranes and
remained unphosphorylated at S4642. In OLP, most hemidesmosomal molecules
examined showed disturbed expression consisting of discontinuous increases, apico-
lateral location, and/or intracellular accumulation. Plectin showed S4642-phospho-
rylation at the basement membrane, and deposits of laminin-3 and laminin-y2 were
found within the connective tissue. The disturbed expression of hemidesmosomal
proteins in OLP indicates deficient attachment of the basal cell layer, which can
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contribute to detachment and cell death of basal keratinocytes seen in the disease.
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Oral lichen planus (OLP) is a commonly occurring
chronic inflammatory disease of the oral mucosa. The
overall estimated pooled prevalence of OLP is 0.89%
among the general population and 0.98% among clini-
cal patients (1). Clinically, OLP occurs in quiescent and
active forms that can vary with time (2-4). The reticu-
lar and atrophic variants are the most frequent disease
forms and can be localized on the buccal mucosa, ton-
gue, gingiva, lips, palate, and floor of the mouth (2).
Patients with oral lichen planus can also exhibit cuta-
neous, genital, scalp, nail, esophageal, or ocular lichen
planus (5). Histologically, OLP is characterized by a
dense inflammatory infiltrate in the lamina propria, pri-
marily consisting of T-lymphocytes and epithelial
changes, such as local destruction of basal ker-
atinocytes (liquefaction degeneration), epithelial atro-
phy, acanthosis, presence of Civatte bodies, and
hyperkeratosis (2,6).

Hemidesmosomes are multimolecular complexes that
ensure stable adhesion of keratinocytes to the underly-
ing basal membrane. In the stratified epithelium of the
skin, the hemidesmosomal protein complex called type I
hemidesmosome consists of integrin «6f4, plectin la,
CDI151 (tetraspanin-24), dystonin (230 kDa bullous
pemphigoid antigen), and collagen o-1(XVII) chain (180
kDa bullous pemphigoid antigen) (Figure S1) (reviewed

in 7). Simple epithelia, such as the intestinal epithelium,
lack type I hemidesmosomes but display complexes con-
sisting of integrin «6f4, CD151, and plectin only, which
are called type II hemidesmosomes. The composition of
the hemidesmosomes in oral mucosa is not yet fully
known. Integrin a6f34 connects the basal keratinocytes
to a component of the basal membrane, laminin-332, a
trimolecular complex secreted by basal keratinocytes
and consisting of «3, 3, and 92 chains. On the intracel-
lular side of the hemidesmosomes, plectin and dystonin
connect to the cells’ intermediate filaments, which in
keratinocytes are keratins. The keratins form filaments
that extend from the nucleus to hemidesmosomes and
desmosomes in the internal leaflet of the plasma mem-
brane. Under healthy conditions, basal keratinocytes of
oral, non-keratinizing stratified epithelia express the ker-
atin dimers K5/K14 and K5/K15 that can bind to dys-
tonin and plectin la, and K8/K18 and K8/K19 that can
bind to plectin (8—12).

In OLP, ultrastructural studies have revealed disrup-
tion of the basal membrane and destruction of
hemidesmosomes (13—15). At the molecular level, distur-
bances in hemidesmosomes and their attachment have
also been described. Immunostaining has shown that the
integrin «6 and f4 chains are upregulated, can appear
circumferentially around basal cells, and, to some extent,
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are also found in the suprabasal epithelial layers (16—18).
This is in contrast to normal oral mucosa, where they are
expressed as a continuous band (18,19). Immunostaining
for laminin-332, laminin-111, and collagen type IV in
OLP has been described as a absent, discontinuous,
intensified, or thickened bands with finger-like projec-
tions into the connective tissue, while it was seen as a
continuous band along the basement membrane in nor-
mal oral mucosa (18-20). Intracellularly, K8, K18, and
K19 are absent or strongly reduced in OLP, as compared
with normal oral mucosa (10).

A premise for the existence of hemidesmosomes is
the presence of integrin-z64 and its substrate laminin-
332, the linker protein plectin, and keratin filaments.
Hemidesmosomes of the steady-state epithelium of oral
mucosa may well have the same composition as those
of the skin, but the expression of CD151, collagen o-1
(XVII) chain, dystonin, and plectin in normal basal
oral mucosal keratinocytes is unknown. Furthermore,
as plectin has a crucial role in the assembly of
hemidesmosomes (21), it is important to know its
expression in OLP, in view of the hemidesmosomal
damage that has been previously described. Therefore,
the aim of this study was to examine the key intracellu-
lar and extracellular components that are involved in
hemidesmosomal attachment, in healthy buccal mucosa
and in OLP.

Material and methods
Biopsy material

Volunteers were recruited at the Dental Faculty of the
University of Oslo and in private dental offices in the
region of Oslo, Norway, on the basis of clinical diagnosis
and subsequent histopathological assessment by oral
pathologists at the Dental Faculty of the University of
Oslo and at the Norwegian National Hospital, Oslo, Nor-
way. Buccal oral mucosa biopsies were taken from healthy
persons with clinically normal oral mucosa and from
patients with OLP, and were either formalin-fixed and
paraffin-embedded, or snap-frozen in isopentane on dry
ice. OLP biopsies were taken from buccal mucosa of
patients who were diagnosed for OLP at an earlier visit,
and were either displaying a pure white reticular pattern
(RET-OLP), or RET-OLP in combination with erythema-
tous areas, the atrophic type of lichen planus (ATR-OLP).
In the latter cases, biopsies were taken from the red areas.
Clinical and histopathological diagnosis was made accord-
ing to established criteria (22). None of the patients with
OLP were under treatment for their disease. Biopsies were
randomly drawn from a larger group of OLP patients.
Biopsies from patients with normal oral mucosa were simi-
larly drawn from a larger group but attempted to match
as much as possible in age to the OLP biopsies. Four buc-
cal mucosal biopsies for use in cell culture were obtained
from healthy volunteers during third molar extractions.
Those samples were taken from the end part of the releas-
ing incision in the buccal mucosa. The demographic data
of the volunteers included in the study are shown in
Table 1. All persons had a Caucasian background.

The study was carried out according to the Helsinki
Declaration’s principles for biomedical research and was

Table 1

Demographics of the volunteers of the study

Persons with Patients with Patients with

normal oral reticular oral atrophic oral
mucosa lichen planus lichen planus
Variable (NOM)* (RET-OLP)" (ATR-OLP)?
FFPE group®
n 10 10 10
Age (yr, 52 (33-73) 60 (42-76) 58 (49-78)
range)
Gender 5/5 3/7 3/7
(male/
female)
Smoker/ 2/8 1/9 0/10
non-
smoker
Cryosection group!
n 10 10 10
Age (yr, 51 (28-64) 60 (42-76) 58 (49-77)
range)
Gender 4/6 3/7 3/7
(male/
female)
Smoker/ 2/8 0/10 0/10
non-
smoker

Values are given as n, n/n, or median (range).

*0/10 persons were identical in the FFPE and cryosection group
8/10 patients participated in both FFPE and cryosection group.
6/10 patients had a corresponding biopsy in the cryosection
group.

SBiopsies taken from this group were processed as formalin-fixed
and paraffin embedded (FFPE).

Biopsies taken from this group were processed as cryosections.

approved by the Regional Ethical Committee (REK Seor),
Oslo, Norway. Written and oral informed consent was
obtained from all donors.

Immunofluorescence staining

For all stainings, formalin-fixed and paraffin-embedded
(FFPE) sections were used, with an exception for the
detection of dystonin, which required cryosections. Four-
micron thick formalin-fixed and paraffin-embedded sec-
tions were deparaffinized prior to heat-induced epitope
retrieval in 0.05% citraconic anhydride (Sigma-Aldrich, St
Louis, MO, USA) for 15 min at 100°C using a decloaking
chamber (Biocare Medical, Pacheco, CA, USA), and they
were cooled on ice prior to staining. Cryosections (4 pum)
were fixed with acetone at —20°C for 10 min prior to
staining. Staining was preceded by a blocking step of
30 min with 5% serum matching the species of the sec-
ondary antibody, and incubation overnight at 4°C with
the primary antibody. For double immunofluorescence
staining, primary antibody pairs raised in different species
were incubated simultaneously.

Unlabeled primary antibodies were rabbit anti-CD151,
rabbit anti-collagen o-1(XVII) chain, and mouse anti-lami-
nin-o3 (Atlas Antibodies, Bromma, Sweden), rat anti-inte-
grin-ff4 (clone 439-9B; Abcam, Cambridge, UK), goat
anti-integrin-«6 and mouse anti-laminin-y2 (E-6) (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and guinea



pig anti-plectin (reactive with all alternatively spliced iso-
forms of plectin expressed in the epidermis, i.e. isoforms 1,
la, and 1c; Progen Biotechnik, Heidelberg, Germany).
Plectin pS4642 was detected with an antibody originally
generated to detect an identical epitope in desmoplakin
around pS2849 (a kind gift from Dr. Kathleen J. Green,
Northwestern University, Chicago, 1L, USA). For detec-
tion of dystonin, mouse anti-dystonin was used (clone 279;
Cosmo Bio, Tokyo, Japan). Dystonin has three main iso-
forms, where only the epithelial isoform 3 (BPAGle) is
involved in hemidesmosome formation (23). Native pro-
tein of cornea was used to generate the mouse anti-dys-
tonin presently used. The linear staining along the basal
membrane of normal oral mucosa obtained with this anti-
body was not observed when another antibody towards
dystonin was applied (rabbit polyclonal; Atlas Antibodies),
as its immunizing sequence is not present in the much
shorter isoform 3 (data not shown). Collagen «-1(XVII)
chain is a transmembranous protein that is cleaved within
the juxtamembranous non-collagenous 16A domain with
successive shedding of the ectodomain 120 kDa linear IgA
disease antigen-1. The antibody used here (Atlas Antibod-
ies) detects epitopes within the intracellular amino acids
10-106, just outside of the dystonin binding region. This
domain is identical in both known isoforms. Additional
details on the primary antibodies are shown in Table S1.

The secondary antibodies used were biotinylated horse
anti-mouse and rabbit anti-rat IgG (Vectorlabs, Burlin-
game, CA, USA), biotinylated donkey anti-guinea pig
IgG, Cyanine (Cy)2-labeled donkey anti-rabbit, and don-
key anti-goat IgG (Jackson ImmunoResearch Europe,
Cambridgeshire, UK). The biotinylated antibodies were
visualized with Cy3-labeled streptavidin (GE LifeSciences,
Uppsala, Sweden). Nuclei were stained with 4°,6-di-
amidino-2-phenylindole  (DAPI,  Molecular  Probes,
Eugene, OR, USA) before coverslips were mounted with
polyvinyl alcohol mounting medium containing DABCO®
(Sigma-Aldrich).

Monochrome photographs were taken from each pro-
tein stained with a Nikon E90i microscope equipped with
fluorescent filter blocks for DAPI, Cy2, Cy3, and CyS,
and a DS-Ril camera using the Nis-elements software
(Nikon Instruments Europe, Amstelveen, the Nether-
lands). The final photographs were composed using Adobe
Photoshop CS5 (San Jose, CA, USA). For visualizing all
four channels in one single picture, the DAPI signal was
converted to grey, while signals from either Cy3 or CyS
were converted to blue. The staining of the images was
assessed by OS and KS.

Results

A summary of the protein expression in the examined
tissues is given in Table 2.

Laminins

Laminin-o3 was expressed along the basement mem-
brane of all patients. In normal oral mucosa (Fig. 1A),
this was seen as a thin, nearly continuous band. Cir-
cumferential membranous laminin-o3 staining of basal
and suprabasal cells was observed in one patient. No
clear cytoplasmic staining was observed. In both forms
of OLP, the expression along the basement membrane
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was interrupted with small breaks. Cytoplasmic staining
was stronger than in normal oral mucosa. In RET-
OLP (Fig. 1B), the basal membrane of seven patients
showed thickening, doubling, or streaks into the con-
nective tissue, or combinations of these irregularities.
In ATR-OLP (Fig. 1C), the expression along the basal
membrane was very weak or only local in four patients,
while other irregularities were not seen.

Laminin-y2 also showed a band-like expression
along the basement membrane of all patients
(Fig. ID-F). In normal oral mucosa, one patient
showed circumferential membranous staining of basal
and suprabasal cells and some streaks into the connec-
tive tissue. Both forms of OLP (Fig. 1E,F) showed
interrupted expression along the basement membrane
with irregularities in four patients in each group. The
irregularities included cytoplasmic expression and
minor breaks, doubling, thickening, and streaks of the
basal membrane (Fig. 1G). Cytoplasmic expression
was seen in many basal cells of nearly all OLP
patients, with the strongest expression in samples of
RET-OLP. Circumferential membranous staining of
basal and suprabasal cells was observed in three RET-
OLP biopsies only.

Integrins

Expression of integrin-o:6 appeared as small dots along
the basal membrane of all samples of normal oral
mucosa (Fig. 2A; red color), while three biopsies
showed additional cytoplasmic staining in some basal
and suprabasal cells. Increased expression with breaks
was observed in all OLP biopsies (Fig. 2B,C; red color)
except for two patients with ATR-OLP that did not
show staining along the basal membrane. The cyto-
plasm of basal and suprabasal cells stained in half of
the samples from ATR-OLP but none in RET-OLP,
while circumferential membranous staining of basal
and suprabasal cells was observed in five ATR-OLP
and three RET-OLP samples.

Integrin-p4 expression (Fig. 2A—C; green color) was
seen in the area of the basal membrane in nearly all
samples. In normal oral mucosa, the cytoplasm of some
basal and suprabasal cells stained weakly in six sam-
ples, while one sample did not show staining. In OLP,
staining along the basal membrane was enhanced. Two
patients with RET-OLP and one with ATR-OLP
showed staining of the apicolateral membranes or the
cytoplasm of the basal cells. The cytoplasm of basal
and suprabasal cells stained in four patients with ATR-
OLP, while three other samples showed circumferential
membranous staining of basal cells.

CD151

The staining for CD151 showed a similar location for
all groups, although the signal was clearly enhanced in
OLP (Fig. 2A-C; blue color): most biopsies showed
partial staining along the basal membrane and some
did not show any staining, while cytoplasmic staining
was observed in about half of the cases. Small intense
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Table 2

Summary of immunohistological stainings for hemidesmosomal proteins in clinically normal oral mucosa (NOM ) and reticular
(RET-OLP) or atrophic (ATR-OLP) forms for oral lichen planus

Protein Staining observed NOM (n = 10) RET-OLP (n = 10) ATR-OLP (n = 10)
Laminin-o3 Along basal membrane 10 10 8
- thickened, doubled, and/or with streaks 0 7 0
- partial or very weak 0 0 4
Cytoplasm of basal cells 0 9 10
Membranes of basal and suprabasal cells 0 0
Laminin-y2 Along basal membrane 10 10 10
- with thickening, doubling, and/or streaks 1 4 4
Cytoplasm of basal cells 3 8 10
Membranes of basal and suprabasal cells 1 3 0
Integrin-o6 Along basal membrane 10 10 8
- partial 0 0 7
Cytoplasm of basal and suprabasal cells 3 0 5
Membranes of basal and suprabasal cells 0 3 5
Integrin- 4 Along basal membrane 9 8 9
- partial 9 0 9
Cytoplasm of basal and suprabasal cells 6 0 4
Membranes of basal cells 0 0 3
Only cytoplasm or apicolateral membranes of 0 2 1
basal cells
No staining 1 0 0
CD151 Partial along basal membrane 7 7 7
No staining of basal membrane 3 3 3
Cytoplasm of basal and suprabasal cells 6 5 5
Dots through entire epithelium 3 5 5
Plectin la Along basal membrane 10 10 10
Cytoplasm of entire epithelium 7 10
Plectin pS4642 Along basal membrane 3 10 10
- partial 3 0 0
Cytoplasm and membranes of epithelium 10 10 10
Coll7Al Basal membrane and basal cells 10 10 10
Cytoplasm of basal cells 1 10 7
Dotted in suprabasal layers 0 5 0
Strong stained single basal cells 0 0 5
Dystonin Basal membrane, with 10 9 10
- breaks 0 9 4
- thickening 0 4 2
Cytoplasm of basal and suprabasal cells 1 9 10

dots were seen in the cytoplasm of the entire epithelium
in approximately half of the patients.

Plectin

In all patients, plectin was expressed at most epithelial
cell membranes, including the basal membrane, and
with cytoplasmic staining of variable strength in the
proximity of the membrane (Fig. 2D-F; red color).
Intra-epithelial leukocytes, many of them displaying
dendrites, stained strongly for plectin. In normal oral
mucosa, three patients showed weak phosphorylation of
plectin at the basal membrane of a few cells, while the
remaining seven did not express pS4642 along the basal
membrane (Fig. 2D; green color). In RET-OLP
(Fig. 2E), the basal and suprabasal cells expressed cyto-
plasmic and membranous plectin more intensely than in
ATR-OLP (Fig. 2F) and normal oral mucosa (Fig. 2D).
The basal membrane of all OLP samples showed minor
breaks in the plectin staining, and all showed plectin

phosphorylation. Staining for plectin pS4642 was also
seen between all epithelial cells, due to its reaction with
desmosomes (see Material and methods). It was, how-
ever, absent in intraepithelial leukocytes.

Collagen «-1(XVII) chain

Staining for the collagen «-1(XVII) chain was found
along the basal membrane in all samples (Fig. 2G-I;
blue color). In normal oral mucosa, one sample showed
staining of the cytoplasm of basal cells, while staining
of apicolateral membranes of basal cells was observed
in FFPE sections (data not shown) but was less obvi-
ous in cryostat sections. All samples of RET-OLP
(Fig. 2H) showed cytoplasmic as well as circumferential
membranous staining of basal cells, and half of them
showed small dots in the suprabasal layers. Also, in
ATR-OLP (Fig. 2I), all samples displayed circumferen-
tial membranous staining of basal cells, while five of
them showed enhanced staining of single basal cells.
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Fig. 1. Immunofluorescent staining of normal buccal mucosa (A, D) and buccal mucosa from reticular (B, E, G) and atrophic
(C, F) oral lichen planus. (A-C) Staining for laminin-o3 (red color). (D—G) Staining for laminin-y2 (red color). Nuclei were coun-
terstained with 4’,6-diamidino-2-phenylindole (DAPI) shown in blue (A-G). Original magnification main pictures 40x. Abbrevia-
tions: cytoplasmic expression (cyt), minor breaks (brk), doubling (dbl), thickening (thk), and streaks (stk) of the basal membrane,
minor break with a passing leukocyte (leu). [Colour figure can be viewed at wileyonlinelibrary.com]

Cytoplasmic staining was observed in seven samples of
ATR-OLP.

Dystonin

Nearly all samples showed expression of dystonin in
their basal cells, but this was restricted to the basal
membranes in normal buccal mucosa only (Fig. 2G;
red color). Cytoplasmic expression of dystonin was
found in one sample of normal buccal mucosa. In one
patient with RET-OLP, dystonin expression was hard
to find, while the remaining samples showed staining of
the cytoplasm of basal and suprabasal cells as well as
the basal interrupted staining of the membrane
(Fig. 2H). Four samples showed a thickened band of
staining. All samples of ATR-OLP (Fig. 2I) displayed
cytoplasmic staining of basal and suprabasal cells, and
staining of the basal membrane showing breaks (four
samples) or with thickening (two samples).

Discussion

Hemidesmosomes connect keratinocytes to the extracel-
lular matrix and are the major attachment sites for
intermediate filaments. In steady-state buccal mucosa,
our stainings showed that all hemidesmosomal proteins
described for epidermal tissues also are expressed and
are in similar localizations as described for skin (24).
The co-localization of dystonin and collagen o-1(XVII)
chain with plectin, integrin «6$4, and CDI151 at the
basal membrane of the basal epithelial cell layer indi-
cates the presence of type I hemidesmosomes. It is not
possible to tell whether type II hemidesmosomes also
are formed, as those complexes merely contain fewer
components than hemidesmosomes type I and do not
carry specific markers. Hemidesmosomes type II are,
however, likely to be present as they are probably pre-
cursors for the larger hemidesmosome type I complexes
(25). The anti-plectin antibody currently used is not
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Fig. 2. Immunofluorescent staining of normal buccal mucosa (A, D, G) and buccal mucosa from reticular (B, E, H) and "mophlc
(C, F, 1) oral lichen planus. (A-C) Triple staining for integrin-o6 (red), integrin-f34 (green), and CD151 (blue). Inserts show magni-
fied single stainings. (D-F) Double staining for plectin (red) and plectin pS4642 (green). Inserts show magnified single stainings
(left and center) and double stainings (right). (G-I) Triple staining for dystonin (red), plectin (green), and collagen o-1(XVII)
chain (blue). Inserts show magnified single stainings. Nuclei were counterstained with 4’,6-diamidino-2-phenylindole (DAPI)
shown in blue (D-F) or digitally converted into grey (A-C and G-I). Original magnification main pictures . [Colour figure can
be viewed at wileyonlinelibrary.com]
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isotype-specific, but as plectin la is the predominant
isoform found in keratinocytes and the only isoform
found in hemidesmosomes (26), the staining observed is
therefore most likely due to reaction with this isoform.
Plectin binds to the integrin 4 chain, which was also
detected at the basal membrane of the basal epithelial
cell layer, alongside integrin o6 and laminin-y2. Plectins
link intermediate filaments with microtubules and actin
filaments and anchor intermediate filaments to
hemidesmosomes and desmosomes. During terminal
epithelial differentiation, plectin disconnects from inte-
grin 34 and the intermediate filaments, and relocates to
the cytoplasm in a calcium-depending fashion, before it
is degraded (27). The cytoplasmic staining we observed,
therefore, probably reflects the normal epithelial differ-
entiation process. Plectin pS4642 stained only weakly
along parts of the basal membrane of some normal oral
mucosa, indicating that most plectin remained unphos-
phorylated at S4642, and therefore was bound to inter-
mediate filaments. Incidentally, the plectin pS4642
antibody presently used also binds to the desmoplakin
pS2849 epitope in desmosomes (see Material and meth-
ods). Therefore, staining was also found around the
entire cell membrane of most cells throughout the
epithelium. Plectin, as seen in the hemidesmosomes of
normal oral mucosa, creates binding sites for both dys-
tonin and collagen o-1(XVII) chain, which were
expressed linearly along the basement membrane.
Transmembrane collagen o-1(XVII) chain was also
found on apicolateral membranes of basal ker-
atinocytes. The ectodomain of collagen o-1(XVII) chain
is constitutively shed from the cell surface and embed-
ded into the extracellular matrix, a process that is
upregulated upon wound healing (28,29). The presently
used anti-collagen o-1(XVII) chain antibody detects an
intracellular domain of hemidesmosome-bound collagen
o-1(XVII) chain and not the earlier produced, cleaved
and embedded ectodomain of the molecule (Figure S1).
The collagen o-1(XVII) chain staining of apicolateral
plasma membranes is, therefore, probably due to the
presence of non-hemidesmosomal collagen o-1(XVII)
chain that might have other roles, like involvement in
adherence junctions (30).

In OLP, all hemidesmosomal proteins that we exam-
ined could be detected but they were in part abnor-
mally positioned or interrupted, as compared with
normal buccal mucosa. The interprotein dependency
for the stabilization of the hemidesmosome complex
can be a key to explaining the aberrant expression of
these proteins in OLP, since the absence or incorrect
processing of only a single protein can affect the assem-
bly, location, and adherent properties of the complex,
as reviewed by LiTJEns and co-workers (21) and sum-
marized in Figure S1, and as detailed below.

Basal membrane staining of laminin-o3 and 72 stain-
ing was irregular but more staining was seen within the
cytoplasm of basal cells in OLP as compared to normal
oral mucosa. Correct secretion and deposition of lami-
nin-332 into the extracellular matrix and the successive
cleavage of the o3 and y2 chains are prerequisites for
positioning integrin o264 at the basement membrane
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(7,31). The thickening, doubling, and remnants of the
o3 and 92 chains of laminin in the connective tissue are
probably due to remodeling in response to the epithe-
lial damage seen in OLP (Fig. 1G). Frequent trafficking
of immune cells that pass the basal membrane in OLP
can also contribute to disruptions in laminin-332 depo-
sition (Fig. 1G). Simultaneously, keratinocytes that
repopulate the basal cell layer need to produce and
secrete new laminin-332, and this may explain the
increased cytoplasmic laminin-332 we observed. It is
indeed known that disconnection from and injury to
the basement membrane induces laminin-332 secretion
(32).

Hemidesmosomes only avidly bind to processed lami-
nin-332. Cytokines, like transforming growth factor-f
and tumor necrosis factor, which are both released in
OLP lesions (33,34), may influence the expression of the
individual laminin-332 chains differently (35-37). The
cytoplasmic accumulation of laminin-y2 in OLP could be
due to unbalanced production of laminin single chains,
as the secretion of laminin-332 is dependent on the newly
synthesized o3-chain that joins the preformed 372 het-
erodimer (Figure S1) (38). Therefore, we also examined
the presence of the a3-chain, but as we observed cyto-
plasmic accumulation, this did not point to such misbal-
ance. Defects in laminin-332 are described in other
diseases, including junctional epidermolysis bullosa and
mucous membrane pemphigoid, and are due to muta-
tions or to autoantibodies (39). Mutations in LAMA3
can lead to protein misfolding that affects trimerization
of the «3, 3, and y2 chains, which reduces its secretion
(32). This is less likely to be the case in OLP, as this
would lead to a significant lack of deposition of laminin-
332 and blister formation, which we did not observe.

Integrin 64 showed interruptions along the basal
membrane and circumferential membranous staining of
basal and suprabasal cells. Cytoplasmic staining of basal
and suprabasal cells was visible in ATR-OLP but absent
in RET-OLP. The cytoplasmic presence might be trig-
gered by phosphorylation of integrin /4, which releases
plectin from the hemidesmosomal complex, followed by
endocytosis, and recycling of integrins (40). This can be
induced by growth factors, tumor necrosis factor, or cal-
cium signaling (reviewed in 7). Another explanation for a
possible increase in phosphorylation of integrin 4 can
be loss of K8/18 expression in basal keratinocytes in
OLP epithelium (10), as keratins can prohibit phospho-
rylation by acting as a phosphate ‘sponge’ (41). The
reduced expression of K8/18 and K5 in basal ker-
atinocytes in OLP epithelium (10,42) can also explain the
cytoplasmic localization of integrin-«:64 in ATR-OLP
because keratins stabilize hemidesmosomes through reg-
ulation of integrin-f/4 turnover and keep integrin-o6p4
localized to the cell membrane (40). In RET-OLP, the
more quiescent form of OLP, K8/18 expression is less
affected (O. Schreurs, A. Karatsaidis, K. Schenck,
unpublished data), and this might keep integrin-o6/4
membrane-located as presently observed.

Unlike observations in normal oral mucosa, plectin
expression in OLP frequently displayed small disrup-
tions at the basal membrane and was clearly S4642-
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phosphorylated in all OLP samples. Plectin can only
localize at hemidesmosomes when allied with keratins.
Plectin has a broad intermediate filament binding affin-
ity and can bind keratins K5, K6, K8, K14, K15, and
K18 (43). This association leads to a conformational
change that enables plectin to bind integrin-f4 (44).
Phosphorylation of plectin pS4642 decreases plectin’s
ability to associate with intermediate filaments (9). The
increased staining of plectin pS4642 along the basal
membrane in OLP may therefore point towards a dis-
abled binding of keratins. This coincides with the fail-
ing expression of K18 that we previously observed (10),
since K18 is able to bind to plectin only (11). Release
of plectin from keratin also initiates the release of plec-
tin from integrin-f4. This is followed by loss of the
binding sites for collagen o-1(XVII) chain and dystonin,
and this will finally resolve the hemidesmosome, result-
ing in lower binding strength of the epithelium to the
underlying connective tissue.

Positioning of collagen o-1(XVII) chain in
hemidesmosomes is dependent on an intracellular bind-
ing site that is created by the association of integrin-f/4
and plectin (43). Both forms of OLP displayed
increased staining for collagen «-1(XVII) chain in the
cytoplasm, which coincides with the increase in phos-
phorylation of plectin S4642. This observation also
strengthens our concept that hemidesmosomes in OLP
are destabilized.

Dystonin showed both thickening and breaks of the
basal lamina and this was more prominent in RET-
OLP than in ATR-OLP. Both OLP forms showed an
increased cytoplasmic dystonin localization in basal
and parabasal cells. While the amino-terminus of dys-
tonin interacts with a binding site that is created by the
association of integrin-f4 and collagen o-1(XVII) chain,
the carboxy-terminus binds K5/14 and K6/15 but not
K8/18 (12,43). Therefore, we interpret this cytoplasmic
localization as failing recruitment of dystonin to
hemidesmosomes, probably due to changes in the asso-
ciation between integrin-$4 with plectin. Loss of dys-
tonin’s involvement will drive hemidesmosomes
towards type II, with a weakened binding between ker-
atin filaments and the basal cell membrane. It is there-
fore possible that the hemidesmosomal plaques in OLP
contain a larger proportion of type II hemidesmosomes
than in normal oral mucosa.

Keratins are also important for formation and stabil-
ity of desmosomes in two ways: they mediate localiza-
tion of hemidesmosomes through binding to plectin
(44), and they are able to absorb intracellular phos-
phatase activity. Keratins associate with hemidesmo-
somes by binding to the universal intermediate filament
binding sites on plectin, or the more distinguishing
binding sites of dystonin-3 that bind K5/14 and K6/15
but not K8/18 (12). In basal keratinocytes of OLP, the
K&8/18 complex has collapsed (10) and K5 is reduced
(42) and this will have consequences for the phosphory-
lation of both integrin-f4 and plectin, as well as for the
localization of plectin. In addition, hyperphosphoryla-
tion of keratins with subsequent depolymerization of

filaments into soluble tetramers most likely leads to the
release of plectin from hemidesmosomes.

The present findings are in keeping with the damage
seen in the basal zone area in erosive (45) and sclerotic
(46) lichen planus of the vulva, including defective
expression of integrin 64, dystonin and collagen o-1
(XVII) chain. In the skin, the expression in lichen
planopilaris of laminin-5 and type IV collagen are dis-
rupted and not linear along the basal membrane zone,
with finger-like projections of the staining protruding
into the dermis (47). Lichen planus in the skin also
shows uneven or absent immunostaining for laminin-5,
laminin-1, and collagen type IV (48).

Collectively, in OLP, the currently observed dis-
rupted laminin-332 deposition, disrupted integrin-o6
expression, and increased plectin phosphorylation along
the basal membrane, concomitant with cytoplasmic
accumulation of both dystonin and collagen «-1(XVII)
chain, indicate deficient hemidesmosomal attachment to
the basal membrane and a reduced connection between
the basal membrane and the cells’ structural stabilizers,
the intermediate filaments. The expression of the latter
structures is also disturbed in OLP as the basal cells in
OLP do not show normal presence of K8/18 (10). In
addition, flattening of the epithelial rete ridges reduces
the contact surface of the epithelium with the connec-
tive tissue, further weakening the attachment of the
epithelium to the connective tissue. Impairment of
hemidesmosomal proteins often leads to blistering dis-
eases, like pemphigoid or different forms for epidermol-
ysis bullosa, and is commonly due to gene mutations or
autoantibodies towards these proteins. Blister forma-
tion is not part of the pathology in OLP, apart from in
the relatively rare bullous form. Still, it is conceivable
that damage to the epithelial-connective tissue interface
is an important pathogenic factor in OLP that leads to
tissue damage accompanied by cell death. Basal ker-
atinocytes that, due to lack of mechanical strength in
hemidesmosomes, loose contact with the basal mem-
brane will indeed enter anoikis, a programmed cell
death program, because normal signals sensed through
integrins are lost (49). Under pathological circum-
stances, significant cell death may ensue (50), in
extreme conditions evidenced by liquefaction degenera-
tion. Remnants of the o3 and y2 chains of laminin may
be left behind, and these can be the doublings and
streaks we observed.

Several hemidesmosomal proteins may serve as
autoantigens. Collagen o-1(XVII) chain-reactive T cells
have been found in dermal lichen planus, and autoanti-
bodies towards collagen o-1(XVII) chain antibodies
have been described in oral lichen planus (51-54).
Autoantibodies have been found to be reactive with
integrin-o6 in oral pemphigoid, as well as with the col-
lagen a-1(XVII) chain and dystonin in mucous mem-
brane pemphigoid (55), bullous pemphigoid and in
elderly patients with chronic non-bullous pruritic disor-
ders (56). As hemidesmosomes are damaged in OLP,
they may release native or modified antigens that can
play a pathogenic role. Yet, if OLP is an autoimmune



reaction to a hemidesmosomal protein, it has a patho-
genic phenotype that does not induce blister formation.
In sum, we have shown that type I hemidesmosomes
occur in healthy buccal mucosa, as is the case for skin.
The hemidesmosomal plaques are, however, strongly
altered in OLP. The causes for this disruption might lie
on the level of each of the components of the
hemidesmosomes, as correct hemidesmosome assembly
and stability depends on correct expression and/or
post-translational modification of every component.
The changes in protein expression and location seen in
OLP indicate complications in the establishment of
type I hemidesmosomes, leading to a poor attachment
of the epithelium to the underlying connective tissue
and a more vulnerable epithelial barrier. Based on the
present study and other available data, it is not possible
to tell whether these changes in hemidesmosomes are at
the root of the pathology of OLP, perhaps via the gen-
eration of native or modified hemidesmosomal
autoantigens. Alternatively, the altered distribution of
hemidesmosomal proteins can be caused by apoptotic
disruption of keratinocytes induced by immune cells.
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