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Abstract Background/purpose: Oral lichen planus (OLP) is a chronic inflammatory disease of
oral mucosa. The present study investigated the expression of nucleotide-binding oligomeriza-
tion domain (NOD), a pivotal sensor protein of the innate immune system, in OLP.
Materials and methods: Oral mucosal biopsies were collected from 20 patients with OLP and 6
individuals with normal oral mucosa (NOM). The expression of NOD1 and NOD2 was determined
using RT-PCR and immunohistochemistry in OLP and NOM samples.
Results: The mRNA expression of NOD1 and NOD2 was significantly higher in the OLP group than
in the NOM group. The protein expression of NOD1 was marginally upregulated in all mucosal
layers in the OLP group compared with that of the NOM group; however, the differences were
not significant. The expression of NOD2 was elevated in infiltrating lymphocytes of the submu-
cosal layer in the OLP group compared with the NOM group, but was undetected in other in-
flammatory disease, inflammatory fibrous hyperplasia (IFH). This study revealed the
upregulation of NOD2 mRNA and protein in the OLP group, but not in the NOM group.
Conclusion: These findings suggest that NOD2 may play an important role in the pathogenesis
of OLP and represents a new diagnostic and treatment target.
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Introduction

Oral lichen planus (OLP) is a chronic inflammatory disease
of the oral mucosa.1 The most commonly affected sites
include buccal mucosa, gingiva, tongue, and vermilion
portion of the lips; however, any intraoral site can be
affected.2 A wide spectrum of mucosal alterations is
observed with reticular, atrophic, erosive, papular, and
occasionally bullous lesions. The lesions may be chronic and
rarely subside spontaneously.3 The clinical characteristics
range from asymptomatic to debilitating pain triggered by
salty, spicy, or hot food.1 Although the etiology of OLP re-
mains unknown, the disease is considered an autoimmune
disorder, resulting from the apoptosis of basal cells of the
epithelium induced by autocytotoxic CD8þ T lymphocytes.4

Currently, no specific cure for OLP exists and the manage-
ment of lesions can be difficult. Most therapeutic modal-
ities, including systemic and topical corticosteroids, topical
retinoids, cyclosporine, tacrolimus, and pimecrolimus, aim
for symptomatic relief.1

The innate immune system is the first line of host de-
fense against pathogens, and imbalances in this system can
contribute to the development of severe infectious dis-
ease, chronic inflammatory disease, and autoimmune dis-
ease.5 The innate immune system comprises several classes
of pattern recognition receptors (PRRs), including Toll-like
receptors (TLRs) and nucleotide-binding oligomerization
domain-like receptors (NLRs).6 TLRs, the best character-
ized PRRs, bind numerous exogenous and endogenous an-
tigens by recognizing conserved pathogen-associated
molecular patterns (PAMPs).1 Nucleotide-binding oligo-
merization (NOD) is representative of NLRs and comprises a
C-terminal leucine-rich repeat domain that is involved in
the recognition of conserved microbial patterns or other
ligands.5e8

NOD1 and NOD2 are major immune response proteins
that act primarily as intracellular PRRs involved in the
detection of cytoplasmic PAMPs and endogenous products
of tissue injury.9 NOD1 detects meso-diaminopimelic acid
containing peptidoglycans of gram-negative bacteria,10,11

whereas NOD2 detects muramyl dipeptide, the largest
peptidoglycan motif common to gram-negative and gram-
positive bacteria.8e11

Differential expression of TLRs in epithelial cells has
been reported in several oral mucosal diseases, including
OLP.7,12,13 NOD1 has been linked to atopy and asthma,
whereas NOD2 has been implicated in Crohn’s disease,
Blau syndrome, and inflammatory bowel disease.5,14e16

However, the relationship between NOD and OLP is
currently unknown. Therefore, the present study explored
the relationship between NOD and OLP via examination of
the expression patterns of NOD1 and NOD2 in patients
with OLP.
Materials and methods

Participants and samples

The present study was approved by the institutional ethics
committee of Wonkwang University Daejeon Dental Hospi-
tal (W-1301/001-001). Written, informed consent was ob-
tained from all participants. Overall, 20 cases of OLP were
retrieved from the records of patients who had visited the
Department of Oral Medicine and Orofacial Pain at Wonk-
wang University Daejeon Dental Hospital. All patients were
clinically and histologically diagnosed with OLP, using the
diagnostic criteria of van der Meij and van der Waal.17 The
patients included 9 males and 11 females, with a mean age
of 52.3 years. None of them had other immune-related
diseases. Patients with current or previous history of ste-
roid therapy were excluded. Six biopsy specimens of normal
oral mucosa (NOM) were collected from healthy volunteers
without systemic or oral mucosal disease (3 males and 3
females), with an age distribution similar to that of the OLP
group. The tissue samples were collected via a 6-mm punch
biopsy from the buccal mucosa following the administration
of local anesthesia in both the NOM and OLP groups. Half of
the tissue was frozen in liquid nitrogen and stored at �80 �C
until reverse transcription-polymerase chain reaction (RT-
PCR) assay was performed. The other half was fixed in 10%
buffered formalin and embedded in paraffin for histological
analysis. In addition, six paraffin-embedded biopsy speci-
mens (3 males and 3 females) were collected from patients
with inflammatory fibrous hyperplasia (IFH) with an age
distribution similar to that of the OLP group for compara-
tive analysis of immune expression of NOD.

Histopathology

Tissue samples were fixed in 10% buffered formalin for
more than 24 h, followed by dehydration of samples in an
alcohol-xylene series and were then embedded in paraffin
wax. From each block, 2-mm sections were prepared and
hematoxylin (Vector, Burlingame, CA, USA) and eosin
(Vector) (H&E) staining was performed for histological
examination.

Reverse transcription-polymerase chain reaction
(RT-PCR)

The expression of NOD1 and NOD2 was measured using RT-
PCR. Human cementoblasts (HCEM) participate in the
innate immune system by expressing NODs and were used as
a positive control.18 Tissues obtained from the buccal mu-
cosa were lysed using TRIzol reagent (Invitrogen, Califor-
nia, Carlsbad, USA). One mg of total RNA was reverse
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transcribed into complementary DNA (cDNA), and PCR was
performed using the Superscript One-step RT-PCR with
platinum Taq kit (Invitrogen). The following primer sets
were used: human NOD1 (F: 5ʹ-ACATCCGCAA-
TACTCAGTGTCTG-3ʹ, R: 5ʹ-ACGCTTTCTCTGAGTGAGCA-3ʹ),
human NOD2 (F: 5ʹ-GAATGTGCTCTTCACTGCGAGCAA-3ʹ, R:
5ʹ-AGCATGACGTTC TTTGCCAGCA-3ʹ), and GAPDH (F: 5ʹ-
CCAAGGTCATCCATGACAACTTTG-3ʹ, R: 5ʹ-GTCA TACCAG-
GAAATGAGCTTGACA-3ʹ). The reaction was conducted under
the following conditions: amplification at 94 �C for 3 min
followed by 35 cycles after an initial denaturation step at
94 �C for 30 s, annealing at 55 �C for 30 s, extension at 72 �C
for 30 s, and a final extension step at 72 �C for 10min with
all primers. Thereafter, PCR products were electro-
phoresed on a 1.5% acrylamide gel and visualized using a gel
documentation system (Bio-rad, Hercules, CA, USA).
Densitometric analysis of visual bands was performed using
an automated digitizing software program (Multi Gauge
V3.0; Fuji Film Co., Minato-ku, Tokyo, Japan), and the in-
tensity of bands was normalized to the expression of an
endogenous control GAPDH signal.

Immunohistochemistry

Paraffin-embedded tissues were used to identify NOD1 and
NOD2 expression. The tissue sections were incubated in a
solution with 3% H2O2/methanol for 30 min at room tem-
perature (RT) to block peroxidase activity. Antigen retrieval
was performed in a microwave-heated citrate buffer (pH
6.0) for 20 min, followed by 1% bovine serum albumin/
phosphate buffered saline (RT, 30 min) to block non-
specific immunoglobulin binding. Thereafter, these tissue
sections were incubated with anti-NOD1 (1:100; NB100-
56878, Novus Bio-logicals, Centennial, CO, USA) and anti-
NOD2 (1:100; NB500-253, Novus Biologicals) antibodies
overnight at 4 �C. The sections were incubated with anti-
rabbit secondary antibody solution for 1 h at RT, followed
by incubation with avidin-biotin peroxidase complex re-
agent (Vector) for 30 min. The organic compound 3,30-dia-
minobenzidine tetrahydrochloride (DAB; Vector) was used
as a chromogen for 10 min. Finally, the tissue sections were
counterstained with hematoxylin. Isotype-negative controls
were represented by normal rabbit IgG isotype control
(Novus Biologicals) diluted at concentrations equivalent to
the primary antibodies. NOD-positive stained cells were
counted from five randomly selected areas under high-
power field (400 � magnification) using a microscope
coupled to a digital camera (DMI4000B; Leica Microsystems,
Wetzlar, Germany). The percentage of positive cells among
the total cells was calculated for each selected area. The
proportion of positive staining cells was scored as follows:
negative (0, �), weak (<10%, þ), moderate (10e50%, þþ),
or strong (>50%, þþþ).

Statistical analysis

Statistical analysis was performed using a statistical soft-
ware package (SPSS version 20; SPSS, Inc., Chicago, IL,
USA). The significance of associations between the groups
was assessed using a nonparametric ManneWhitney U test,
and a P value of <0.05 was considered statistically
significant.

Results

Histopathology

The histopathological characteristics were analyzed using
the H&E-stained buccal mucosa samples. In the OLP group,
H&E-stained slides showed a hyperkeratotic and acanthotic
epithelium, which was further characterized via destruc-
tion of basal cell layer, exocytosis of lymphocytes in the
epithelium, and a band-like infiltration of inflammatory
cells (predominantly lymphocytes) in the lamina propria, all
of which were consistent with OLP (Fig. 1).

mRNA expression of NOD1 and NOD2 in NOM and
OLP

The expression of NOD1 and NOD2 genes was analyzed in
the NOM and OLP groups using RT-PCR. Human cemento-
blast (HCEM) cells were used as a positive control. As shown
in Fig. 2, NOD1 and NOD2 were significantly expressed in
the OLP group, whereas neither gene was expressed
significantly in the NOM group (P< 0.001). In particular, a
strong expression of NOD2 was observed in the OLP sample.
These findings demonstrated a significant relationship be-
tween NOD and OLP.

Immunohistochemical analysis of NOD1 and NOD2
in NOM and OLP

To measure the levels of NOD1 and NOD2 proteins, immu-
nohistochemistry was performed in the NOM and OLP
groups. As shown in Fig. 3, moderate and high expression of
NOD1 was observed in the NOM and the OLP groups,
respectively. Moreover, the expression of NOD1 was
observed in the basal and parabasal layers in both the NOM
(mild) and the OLP (moderate) groups. The expression of
NOD1 in the OLP group was marginally higher than in the
NOM group; however, the differences were not significant.
Moreover, no expression of NOD1 in the lymphocytes was
observed in the OLP group. The expression of NOD2 was
markedly increased in the OLP group; however, almost no
expression was found in the NOM group (Fig. 4). Compared
with the NOM group, a mild expression of NOD2 in the basal
and parabasal layers (P< 0.05) and a strong expression of
NOD2 in the infiltrating lymphocytes of the submucosal
layer (P< 0.001) were observed in the OLP group. The
differences in the expression of NOD1 and NOD2 are sum-
marized in Table 1.

Immunohistochemical analysis of NOD1 and NOD2
in IFH

Using immunohistochemistry, the expression of NOD1 and
NOD2 was measured in IFH tissues. As shown in Fig. 5, the
faint expression of NOD1 in the mucosal layer was partly
observed in the IFH group. However, no expression of NOD2



Figure 1 Histopathology of oral mucosal tissues stained with hematoxylin and eosin (A, B) normal oral mucosa (NOM); (C, D) oral
lichen planus (OLP). Photomicrographs were obtained at 100�magnification. Scale barZ 100 mm.

Figure 2 Gene expression analysis of nucleotide-binding oligomerization domain (NOD) 1 and NOD2. Total RNAs were extracted
from individual tissues. cDNA was synthesized using RT-PCR. HCEM cells were used as a positive control. 1, Positive control (HCEM
cells); 2e7, normal oral mucosa (NOM) group; 8e27, oral lichen planus (OLP) group. The levels of gene expression are presented
relative to GAPDH within each sample. Data are shown as median with interquartile range. ***P< 0.001 compared with the NOM
group using ManneWhitney U test.
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Figure 3 Immunohistochemical analysis of nucleotide-binding oligomerization domain (NOD) 1 expression (A, B) normal oral
mucosa (NOM); (C, D) oral lichen planus (OLP); (E) isotype negative control of NOM; (F) isotype negative control of OLP. No signal is
detected in the negative control sections using normal rabbit IgG. Photomicrographs were obtained at 100�magnification. B: Basal
layer; PB: Parabasal layer; S: Spinous layer; SF: Superficial layer; K: Keratinized layer. Scale barZ 100 mm.
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was detected in the mucosal layer or the infiltrating lym-
phocytes in IFH tissues.
Discussion

OLP is a relatively common condition, with severe forms
causing persistent mucosal erosions and ulceration.
Although its pathogenesis remains unclear, an immune-
mediated response is typically considered. NOD function
has been described variety of diseases, including chronic
inflammatory and autoimmune diseases as well as can-
cer.19,20 Recent studies investigating NOD expression and
function in the oral epithelium have reported that NOD
plays an important role in the maintenance of homeostasis
and progression of inflammatory oral diseases (e.g., pulpitis
and periodontitis) via innate immune system.21e23 In the
present study, the expression of NOD1 and NOD2 in OLP was
investigated. First, the mRNA expression of NOD1 and NOD2
was examined using RT-PCR. The expression of NOD1 and
NOD2 was highly upregulated in the OLP group but not in
the NOM group, which was consistent with previous studies
investigating this expression in other inflammatory oral
diseases, suggesting that the expression of NOD may be
related to OLP pathogenesis.
Immunohistochemistry was used to elucidate the levels
of protein expression and the location of NOD1 and NOD2 in
the NOM and OLP groups. Previous studies have reported
the widespread expression of NOD1 in many cell types and
tissues in vivo.5 In the present study, the protein expression
of NOD1 was observed in both NOM and OLP tissues, unlike
the mRNA expression of NOD1, and the level of NOD1 was
marginally increased in OLP compared with NOM. The
expression of NOD1 in NOM is consistent with a previous
study that reported a robust expression of NOD1 in normal
oral epithelial tissues.21 Bacterial infection is one proposed
etiological factor of OLP.24,25 NOD1 mediates the recogni-
tion of peptidoglycan derived primarily from gram-negative
bacteria. A previous study has shown that oral epithelial
cells interact with bacteria in the normal flora of oral
mucosal tissues. Another study found that although the
expression of NOD1 was upregulated in the oral epithelial
cells, the production of pro-inflammatory cytokines was not
increased.26 Therefore, it appears that the expression of
NOD1 is functionally activated in NOM. Although the total
amount of bacteria detected within the epithelia of OLP
tissues did not differ from the level in control tissues, the
levels of bacteria detected within the basal layer of the
epithelia was significantly increased in OLP tissues.25 In the
present study, a marginally higher expression of NOD1 was



Figure 4 Immnohistochemical analysis of nucleotide-binding oligomerization domain (NOD) 2 expression (A, B) normal oral mu-
cosa (NOM); (C, D) oral lichen planus (OLP); (E) isotype negative control of NOM; (F) isotype negative control of OLP. No signal was
detected in the negative controls using normal rabbit IgG. Photomicrographs were obtained at 100�magnification (Insert x 400).
B: Basal layer; PB: Parabasal layer; S: Spinous layer; SF: Superficial layer; K: Keratinized layer. Scale barZ 100 mm.

Table 1 Expression of nucleotide-binding oligomerization domain (NOD) 1 and NOD2 in normal oral mucosa (NOM) and oral
lichen planus (OLP).

NOM group % of positive cells OLP group % of positive cells

NOD1 Spinous and superfical layer 44.0� 16.0 þþ Spinous and keratinized layer 62.4� 12.8 þþþ
Basal and parabasal layer 8.2� 4.7 þ Basal and parabasal layer 12� 5.7 þþ
Lymphocytes 0.0� 0.0 e Lymphocytes 0.0� 0.0 e

NOD2 Spinous and superfical layer 0.0� 0.0 e Spinous and keratinized layer 0.0� 0.0 e

Basal and parabasal layer 0.0� 0.0 e Basal and parabasal layer 7.9 � 3.1* þ
Lymphocytes 0.0� 0.0 e Lymphocytes 84.2 � 6.6*** þþþ

�; negative (0), þ; mild (<10%), þþ; moderate (10%e50%), þþþ; strong (>50%).
Significant comparison of NOM and OLP (*, P < 0.05; ***, P < 0.001, ManneWhitney U test).
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observed in OLP compared with NOM in the mucosal layer;
however, no significant differences were found between
the NOM and OLP groups. Therefore, the induction of NOD1
may be related to increased bacterial invasion of oral mu-
cosa in OLP; however, it might not be functionally involved
in OLP. Further studies are needed to investigate the role of
NOD1 in OLP.

NOD2 has been found in the oral cavity, macrophages,
and keratinocytes and is highly expressed in normal oral
epithelia.5,21 Compared with previous studies, the present
study showed no expression of NOD2 in NOM tissues. In
addition to the role of NOD in the innate immune response
to bacterial infections, mounting evidence suggests that
the expression of NOD1 and NOD2 influences adaptive im-
mune response.27 Histopathologically, OLP is characterized
by band-like dense lymphocytic infiltration at the interface
between the mucosa and submucosa.24,25 The infiltrated
lymphocytes in OLP include mainly CD4þ and CD8þ T
cells.28 Recent studies suggest that NOD1 and NOD2 influ-
ence T-cell differentiation by increasing cytokine synthesis
by dendritic cells.29e31 NOD2 is functionally active in the T
cells of humans, and the expression of NOD2 is higher in
activated/memory CD4þ T cells as well as is inducible
following T-cell receptor ligation.32 In the present study,



Figure 5 Immnohistochemical analysis of nucleotide-binding oligomerization domain (NOD) 1 and NOD2 in inflammatory fibrous
hyperplasia (IFH) tissues (A, B) expression of NOD1; (C, D) expression of NOD2; (E, F) isotype negative control. No signal was
detected in the negative controls using normal rabbit IgG. Photomicrographs were obtained at 100 � magnification. B: Basal layer;
PB: Parabasal layer; S: Spinous layer; K: Keratinized layer. Scale barZ 100 mm.
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intense expression of NOD2, such as mRNA expression, and
site-specific induction were observed in OLP tissues. In the
OLP group, a significant expression of NOD2 was detected in
lymphocytes and a weak expression in the basal and para-
basal layers. However, no expression was observed in the
mucosal layer (spinous and keratinized layer). Therefore,
the results suggest that NOD2 is upregulated in infiltrating
lymphocytes and can contribute to the triggering system for
the inflammatory response of T cells in OLP. To confirm
whether OLP is characterized by an intense expression of
NOD2 in lymphocyte infiltration, the expression of NOD2
was analyzed in IFH via immunohistochemistry. OLP and IFH
are oral mucosal lesions with similar histopathological
characteristics, such as intense subepithelial inflammatory
infiltration.33 The result demonstrated that no NOD2 was
expressed within the infiltrating lymphocytes in IFH, sug-
gesting that the induction of NOD2 in infiltrating lympho-
cytes was a characteristic feature of OLP.

In conclusion, the results of the present study suggest
that the strong expression of NOD2 in infiltrating lympho-
cytes plays an important etiological role in the pathogen-
esis of OLP. Therefore, NOD2 may represents a new
diagnostic and therapeutic target in OLP. Further studies
are needed to investigate the function of NOD in OLP as
well as the treatment modalities available to regulate NOD
expression and function.
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