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Abstract Oral lichen planus (OLP) is a relatively common
chronic inflammatory disease. A consistent body of evidence
suggests that OLP is a predominantly T-cell mediated disease
that shares clinical and histological features with chronic graft
versus host disease. A putative genetic predisposition linked
to cytokine polymorphisms has been revealed and some pos-
sible etiologic factors such as amalgam and hepatitis C virus
have been studied in detail. In this review, an overview on the
immunopathogenesis of OLP will be provided and a putative
comprehensive hypothesis will be discussed in detail. Despite
significant advances, many questions still remain concerning
the etiology and pathogenesis of OLP.
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Introduction

Similar to the skin, the oral mucosa is affected by a variety of
oral lichenoid lesions (OLL) that likely represent a common
reaction pattern in response to extrinsic antigens, altered self-
antigens or superantigens [1].

These diseases are linked together by the presence of a
pattern of common histopathological elements that tradition-
ally has been referred to as the “lichenoid tissue reaction”
(LTR). These features include vacuolar changes of the basal
keratinocytes intimately associated with a band-like array of
mononuclear inflammatory cells consisting of activated T
lymphocytes, macrophages and dendritic cells [1]. More

recently this histological pattern has been defined as “interface
dermatitis” [2].

Oral lichen planus (OLP) is the prototype of OLL [1].
Despite the lack of good epidemiological data, OLP is thought
to be relatively common, affecting approximately 1–2 % of
the population. OLP lesions are chronic and rarely undergo
spontaneous remission. OLP most commonly affects middle-
aged females, without any apparent racial predilection [3].

The distinctive OLP clinical manifestations are represented
by rarely symptomatic bilaterally located white papules that
coalesce to form either a reticular, annular or plaque-like
pattern, the so-called Wickham’s striae. However, OLP can
also manifest with erythematous and erosive/ulcerative le-
sions that can cause a varying degree of discomfort [3].

OLP is histologically characterized by dense, band-like,
subepithelial lympho-histiocytic infiltrate, increased numbers
of intra-epithelial lymphocytes, and degeneration of basal
keratinocytes which form eosinophilic colloid (civatte, hya-
line, cytoid) bodies, also called Russell bodies [4]. Epithelial
basement membrane changes are common inOLP and include
either breaks, branches or duplications. Degeneration of base-
ment membrane causes weaknesses at the epithelial-
connective tissue interface which may result in histological
cleft formation (Max-Joseph space) and, rarely, clinical blis-
tering of the oral mucosa (bullous lichen planus).
Parakeratosis, acanthosis and ‘saw-tooth’ rete peg formation
may be seen but they are more common on the skin [5].

Etiology

OLP is unlikely to be caused by a single antigen. Studies of
T cell receptor variable region genes from lesional OLP T
cells have not shown the use of a restricted number of different
variable region genes [6]. In a minority of patients,
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precipitating factors have been identified, including dental
materials, drugs, stress, and infectious agents [7].

Dental restorative materials thought to cause OLP/OLL
include amalgam, composite resin, cobalt, and gold [3]. Of
these however, amalgam has been the most deeply studied.
Amalgam is supposed to cause a delayed hypersensitivity
reaction (Coombs and Gell classification type IV) as a
result of low-level mercury exposure, particularly when
there has been direct contact between oral mucosa and
mercury-containing amalgam fillings [8]. However, an
animal model has failed to definitively prove that amal-
gam fillings can cause OLCL [9]. Moreover, evidence is
patchy on the benefits of routine removal of all amal-
gam restorations in patients with OLP/OLL [7]. Another
possible explanation for OLP/OLL related to dental
restorations may be an immunological or toxic reaction
to plaque accumulation on the surface of the restoration
and such lesions may disappear after improvements in
oral hygiene [7].

A systematic review stated that there is sufficient evidence
that beta-blockers, methyldopa, penicillamine, quinidine, and
quinine play a role in OLP, while non-steroidal anti-
inflammatory agents should also be considered causative
[10]. The list of medication causing OLP/OLL is increasing
but many of these reports have only been based on sporadic
cases [11].

Stress is widely acknowledged to be an important etiolog-
ical factor in OLP, but there have been remarkably few studies
and most of these are not of high quality. Indeed, the chronic
discomfort that can afflict patients with OLP can, in itself, be a
stressing factor and may partially explain any documented
association [3].

Infectious agents that have been suggested as triggering
OLP include Herpes simplex virus 1, Epstein-Barr virus,
Cytomegalovirus, Human Herpes virus 6 and virus 7,
Human Papilloma Virus (HPV), Hepatitis C virus (HCV),
and Helicobacter Pylori [12]. However, only for HPV and
HCV is there more than anedoctal evidence. A recent meta-
analysis showed that the risk estimates for the association with
HPV for OLP patients was 5.12 (95 % Confidence intervals:
2.40–10.93). However, this study highlighted significant dif-
ferences according to the detection methods used, and empha-
sized that any causative effect of HPV on OLP should be
proven. Indeed, a possible explanation for the association
could be that ulcerations, frequently seen in OLP, could make
a lesion more susceptible for HPV infection. Another potential
reason could be the chronic use of steroids, which may induce
immune suppression and facilitate HPV replication [13].

Probably the best available evidence of the involvement of
any extrinsic factor in the pathogenesis of OLP pathogenesis
is in regards to HCV. Three recent independent meta-analyses
provide robust epidemiological evidence supporting the link
between OLP and HCV [7]. Moreover, the virus may replicate

in the oral mucosa and attract HCV-specific T lymphocytes
[14••, 15••].

Most idiopathic cutaneous LP world-wide is related to the
HLA-DR1 (DRB1*0101 allele), whereas in Italy, HCV-
related OLP appears to be particularly associated with the
HLA class II allele HLA-DR6. Moreover, a significant asso-
ciation was found between erosive OLP and HLA-DR3 allele
[16, 17].

AT-cell mediated disease

A strong body of evidence suggest that lichen planus (LP) is a
T-cell-mediated disease. When autoreactive T-cells were
injected into the footpads of syngeneic mice, they produced
a histopathological picture indistinguishable from that of LP
[18••]. Moreover, patients with chronic graft-vs.-host disease
(cGVHD) may develop cutaneous and oral lesions clinically
and histopathologically indistinguishable to those of OLP
[19–21]. The lymphocytic infiltrate in OLP is composed
almost exclusively of T-cells. Most lymphocytes in the lamina
propria are CD4+ [22–24], and the majority of T-lymphocytes
within the epithelium are activated CD8+ lymphocytes [22,
23, 25, 26]. There are increased numbers of Langerhans cells
(LCs) in OLP lesions with up-regulated MHC class II expres-
sion that are also expressed by keratinocytes [24, 27–29].

Conversely, OLP lesions contain few B-cells or plasma
cells and minimal deposits of immunoglobulin or comple-
ment. Moreover, only a minor fraction (<2 %) of CD3+ cells
in OLP co-expressed the CD94 marker, indicating that they
are NK cells [30••]. The killer cell immunoglobulin-like re-
ceptor (KIR) genes that encode a family of inhibitory and
activating receptors mainly expressed on NK cells, also seem
not to be involved in the pathogenesis of OLP [31].

In OLP inflammatory infiltrate there is an enrichment of
CD45RO memory T cells that predominantly express Th1
cytokine [32]. Particularly IFN-γ and TNF-α were found
consistently overproduced in OLP [33•, 34, 35•]; whereas
for other cytokines, such as IL-6, IL-8 and IL-10, the data
are still controversial [33•, 34, 35•, 36–52, 53••, 54–65]
(Table 1). The absence of eosinophils in OLP inflammatory-
cell infiltrate indirectly confirms the dominance of Th1 cyto-
kine pattern [2].

However, recently it has been suggested that some of the
Th1 T-cells in OLP could in reality be Th0 lymphocytes, as
they seem to produce Th2-type cytokines (such as IL-4, IL-5,
and IL-13), together with IFN-γ [43]. The same study also
suggested a possible role for Th17 lymphocytes in erosive
OLP [43].

CD4+CD25+ Forkhead box protein 3 (Foxp3+) regulatory
T cells are possibly also important in OLP [42, 66].

A key, and probably early, event in LP, is the genetically
induced increased production of Th1 cytokines that seems

174 Curr Oral Health Rep (2014) 1:173–179



T
ab

le
1

Su
m
m
ar
y
of

ex
pr
es
si
on

pa
tte
rn
s
an
d
ge
ne

po
ly
m
or
ph
is
m
s
of

cy
to
ki
ne
s
in

or
al
lic
he
n
pl
an
us
,m

od
if
ie
d
fr
om

[3
6]

C
yt
ok
in
e

L
es
io
n

C
el
ls
ou
rc
e

Sa
liv

a
Se
ru
m

G
en
e
po
ly
m
or
ph
is
m

C
om

m
en
ts

R
ef
er
en
ce
s

IL
-1

U
nc
le
ar

K
er
at
in
oc
yt
e,
T
IM

C
In
cr
ea
se
d

U
nc
le
ar

N
o
as
so
ci
at
io
n
fo
un
d

[3
7,
38
,5
3•
•]

IL
-2

N
o
di
ff
er
en
ce

T
IM

C
U
nc
le
ar

In
co
ns
is
te
nt

N
o
as
so
ci
at
io
n
fo
un
d

[4
0,
41
,5
3•
•]

IL
-4

In
co
ns
is
te
nt

T
IM

C
In
co
ns
is
te
nt

In
co
ns
is
te
nt

H
ig
he
r
fr
eq
ue
nc
ie
s
of

−5
90

C
/C

an
d
−1

09
8
G
/G

ge
no
ty
pe
s

U
nc
le
ar

si
gn
if
ic
an
ce

of
th
e

po
ly
m
or
ph
is
m

[3
3•
,3
5•
,3
7,
42
–4
5,
53
••
]

IL
-5

In
cr
ea
se
d

U
nc
le
ar

U
nc
le
ar

N
o
di
ff
er
en
ce

U
nc
le
ar

[4
1,
43
,4
6]

IL
-6

In
cr
ea
se
d

T
ce
lls
,k
er
at
in
oc
yt
e,
T
IM

C
In
cr
ea
se
d

In
cr
ea
se
d

H
ig
he
r
fr
eq
ue
nc
y
of

−1
74

G
/G

ge
no
ty
pe

U
nc
le
ar

si
gn
if
ic
an
ce

of
th
e

po
ly
m
or
ph
is
m

[3
4,
37
–3
9,
47
,4
8,
51
,5
2]

IL
-8

N
ot

de
te
ct
ed

N
ot

de
te
ct
ed

In
co
ns
is
te
nt

In
cr
ea
se
d

L
ow

er
fr
eq
ue
nc
y
of

−2
51

A
A

ge
no
ty
pe

an
d
−2

51
A
/+
78
1
C

ha
pl
ot
yp
e,
hi
gh
er

fr
eq
ue
nc
y

of
−2

51
T
/+
78
1
C
ha
pl
ot
yp
e

N
ev
er

de
te
ct
ed

in
si
tu
;s
ig
ni
fi
ca
nc
e

of
th
e
po
ly
m
or
ph
is
m

un
cl
ea
r

[3
8,
47
–5
0]

IL
-1
0

In
cr
ea
se
d

T
IM

C
U
nc
le
ar

In
co
ns
is
te
nt

H
ig
he
r
fr
eq
ue
nc
ie
s
of

−1
08
2A

/−
81
9

T
/−
59
2A

ha
pl
ot
yp
e

U
nc
le
ar

si
gn
if
ic
an
ce

of
th
e

po
ly
m
or
ph
is
m

[3
3•
,3
5•
,3
7,
41
,4
5,
50
,5
4]

IL
-1
2

In
cr
ea
se
d

E
pi
th
el
ia
lc
el
l

U
nc
le
ar

U
nc
le
ar

N
o
as
so
ci
at
io
n
fo
un
d

[3
3•
,3
7,
55
,5
6]

IL
-1
7

In
cr
ea
se
d

C
D
4+

T
ce
ll

U
nc
le
ar

In
co
ns
is
te
nt

U
nc
le
ar

[4
3,
63
]

IL
-1
8

N
o
di
ff
er
en
ce

U
nc
le
ar

In
cr
ea
se
d

In
cr
ea
se
d

H
ig
he
r
fr
eq
ue
nc
ie
s
of

−6
07

C
/C

ge
no
ty
pe

N
o
di
ff
er
en
ce

in
th
e
si
tu

ex
pr
es
si
on

co
m
pa
re
d
to

co
nt
ro
ls

[4
3,
45
,5
7]

T
G
F
-β

D
ec
re
as
ed

Su
be
pi
th
el
ia
li
nf
ilt
ra
te

U
nc
le
ar

In
co
ns
is
te
nt

N
o
as
so
ci
at
io
n
fo
un
d

[5
3•
•,
58
–6
0]

IF
N
-γ

In
cr
ea
se
d

S
ub
ep
ith

el
ia
li
nf
ilt
ra
te
,C

D
4+

T
h1

ce
lls

an
d
C
D
8+

T
ce
ll

In
co
ns
is
te
nt

In
co
ns
is
te
nt

H
ig
he
r
fr
eq
ue
nc
ie
s
of

U
T
R
56
44

T
/T

ge
no
ty
pe

an
d
+
87
4
T
/T

ge
no
ty
pe

Po
ly
m
or
ph
is
m
s
se
em

pr
ed
is
po
se
d

to
in
cr
ea
se
d
pr
od
uc
tio

n
[3
3•
,3
5•
,4
2,
43
,5
3•
•,
61
]

T
N
F
-α

In
cr
ea
se
d

K
er
at
in
oc
yt
es
,m

as
tc
el
ls
an
d

C
D
4+

T
ce
lls

In
cr
ea
se
d

In
co
ns
is
te
nt

H
ig
he
r
fr
eq
ue
nc
ie
s
of

-3
08

G
/A

po
ly
m
or
ph
is
m

M
et
a-
an
al
ys
is
co
nf
ir
m
ed

th
e

as
so
ci
at
io
n
w
ith

po
ly
m
or
ph
is
m

th
at
se
em

s
to

in
cr
ea
se

pr
od
uc
tio

n

[3
3•
,5
3•
•,
62
,6
4,
65
,6
8]

Curr Oral Health Rep (2014) 1:173–179 175



peculiar to patients without HCVinfection [53••, 67]. A recent
meta-analysis has confirmed that TNF-α-308 G/A polymor-
phism may be a risk factor for HCV-negative OLP patients
and those with mixed ethnicity [68]. Cytokine polymorphisms
appear to govern whether lesions develop in the mouth
in isolation (IFN-γ associated), or in conjunction with
skin lesions (TNF-α associated) [53••].

Another key event in OLP pathogenesis is the recruitment
of different subsets of denditric cells (DCs), such as
Langerhans cells, myeloid and plasmacytoid DCs, possibly
through the expression of the chemotacting agonist chemerin
by endothelial cells lining blood vessels [30••]. Plasmacytoid
dendritic cells represent the main IFN-α producers among
leukocytes, and this cytokine may induce cytotoxicity, acti-
vating natural killer/T cytotoxic cells or FasL-mediated apo-
ptosis, all phenomena known to occur in OLP. MxA, an IFN-
a-inducible protein [69], has been shown to be expressed
within the inflammatory infiltrate, indicating the active pro-
duction of IFN-α in OLP biopsy specimens. Moreover, IFI27,
another IFN-α-inducible protein, has been demonstrated to be
up-regulated in LP [70].

Antigens presented by MHC class II are processed through
an endosomal cellular pathway, whereas antigens presented
by MHC class I are processed through a cytosolic cellular
pathway.MHC class I antigen presentation alone may result in
a quick cytotoxic T-cell response, as seen in some oral herpetic
infections and recurrent aphthous stomatitis. Conversely,
MHC class II antigen presentation alone may generate
Th1CD4+ T-cells that in the absence of MHC class I antigen
presentation to CD8+ cells, would be cytotoxically inert.
Hence, the putative antigen presented by MHC class II to
CD4+helper T cells in oral LP may differ from that presented
byMHC class I to CD8+ cytotoxic Tcells (Fig. 1). The second

antigen could be a self-antigen such as a heat shock protein
induced on basal keratinocytes via innate immune response
activation [12, 71•]. Alternatively, a single antigen may gain
access to both the endosomal and cytosolic cellular pathways
of antigen presentation. For example, some viruses encode
proteins. Notably, recruitment of HCV-specific CD4+ and/or
CD8+ T cells has been demonstrated in OLP tissue [15••].

Attraction and migration of the activated T cells to
the oral epithelium is further enhanced by intercellular
adhesion molecules (ICAM-1 and VCAM), up-
regulation of epithelial basement membrane extracellular
matrix proteins (collagen types IV and VII, laminin and
integrins), and potentially CXCR3 and CCR5 signaling
pathways [72]. Binding of T cells to keratinocytes and
IFN-γ, and subsequent up-regulation of p53, matrix
metalloproteinase (MMP) 1, and MMP38 leads to apo-
ptosis, culminating in destruction of the epithelial basal
cells [73]. However, according to a recent authoritative
review, the primary morphological changes seen in the
epidermal basal layer in OLP is more suggestive of
necrosis, rather than apoptosis [2]. There are virtually
no positive markers for cellular necrosis that have been
characterized (predominantly in negative terms) by the
absence of markers of apoptosis. Some data suggest that
liquefaction degeneration seen in OLP and traditionally
considered as a morphological expression of T lympho-
cyte attack, does not unequivocally indicate apoptosis
[74].

The chronic course of OLP may be due to the activation of
the inflammatory mediator NF-kB, and the inhibition of the
TGF control pathway (TGF-b/smad), which may cause
keratinocyte hyperproliferation leading to development of
the white lesions [75•, 76].

Fig. 1 Hypothesis for the
immunopathogenesis of oral LP,
modified from [12]
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A unifying hypothesis

A unifying model of OLP pathogenesis, originally proposed
by in 2002 and modified in 2005 by Sugerman et al. [12, 71•],
is presented on Fig. 1 [12]. Antigen presenting cells (APCs),
which can be either stromal dendritic cells or epidermal
Langerhans cells, and basal keratinocytes are “activated” for
example by viral infection (e.g., HCV), systemic drugs, con-
tact sensitivity (e.g., amalgam), or an unidentified agent
(Fig. 1–1). Activated APCs and keratinocytes secrete
chemokines, such as CXCR3/CCL20/CCR6 (Ichimura et al.,
2006), that attract lymphocytes into the developing OLP
lesion. Plasmacytoid dendritic cells could amplify the activat-
ing effects of such stimuli via IFN-α production (Santoro
et al., 2005).

Activated APCs present antigen associated with MHC
class II to CD4+ T cells (Fig. 1–2a). Activated basal
keratinocytes present antigen associated with MHC class I to
CD81 T cells (Fig.1–2b). Co-stimulatory signals such as
CD40 and CD80 co-expression and IL-12 secretion by
MHC class II dendritic APCs and binding to CD154, CD28,
and IL-12R, respectively, on the CD4+ T-cell promotes a T
helper-1 (Th1) CD4+ T-cell response. Th1 CD4+ helper T
cells secrete IL-2 and IFN-gamma (Fig. 1–3a), which bind
their respective receptors on CD8+ T cells (Fig. 1–3b). It is
possible that the recently described Th0 and/or Th-17 cell
might play a role at this stage, the latter particularly on erosive
OLP.

Activated antigen-specific CD8+ cytotoxic T cells ex-
press FasL or secrete granzyme B or TNF-α (Fig. 1–4)
that trigger basal keratinocyte apoptosis (Fig. 1–5).
Cytotoxic and pro-apoptotic mediators/stimuli expressed
by fully activated cytotoxic CD8 T cells (i.e., granzyme,
perforin, fas ligand) could then mediate the basal cell
layer apoptosis in OLP.

The pro inflammatory milieu associated with degranulated
mast cells might play a role in helping T cells breach the
epidermal basement membrane in OLP lesions.

Conclusions

The pathogenic mechanism of OLP is now partially under-
stood, with the recognition that this disease shares clinical and
histological features with cGVHD. A putative genetic predis-
position linked to cytokine polymorphisms has been revealed
and some possible etiologic factors (namely amalgam and
HCV) have been studied in detail. However, a number of
important unanswered questions need to be addressed. For
example, does the OLP antigen vary from site to site or patient
to patient? What is the initial event in OLP lesion formation?
Do keratinocytes in OLP undergo necrosis or apoptosis?

Answers to these and other questions would be greatly
facilitated by the development of novel animal or experimen-
tal models of LTR, mainly focused on the oral cavity.
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