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Abstract

Objective—Oral lichen planus (OLP) is a disease of the oral mucosa of unknown cause 

producing lesions with an intense band-like inflammatory infiltrate of T cells to the subepithelium 

and keratinocyte cell death. We performed gene expression analysis of the oral epithelium of 

lesions in subjects with OLP and its sister disease, oral lichenoid reaction (OLR), in order to better 

understand the role of the keratinocytes in these diseases.

Design—Fourteen patients with OLP or OLR were included in the study, along with a control 

group of 23 subjects with a variety of oral diseases and a normal group of 17 subjects with no 

clinically visible mucosal abnormalities. Various proteins have been associated with OLP, based 

on detection of secreted proteins or changes in RNA levels in tissue samples consisting of 

epithelium, stroma, and immune cells. The mRNA level of twelve of these genes expressed in the 

epithelium was tested in the three groups.

Results—Four genes showed increased expression in the epithelium of OLP patients: CD14, 

CXCL1, IL8, and TLR1, and at least two of these proteins, TLR1 and CXCL1, were expressed at 

substantial levels in oral keratinocytes.

Conclusions—Because of the large accumulation of T cells in lesions of OLP it has long been 

thought to be an adaptive immunity malfunction. We provide evidence that there is increased 
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expression of innate immune genes in the epithelium with this illness, suggesting a role for this 

process in the disease and a possible target for treatment.
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1. Introduction

Oral lichen planus (OLP) is a disease of the oral mucosa characterized by a dysfunctional 

basal epithelium.1–3 The keratinization cycle is abnormal with an elevated rate of apoptosis 

of the basal keratinocytes and increased cell proliferation that may be compensatory. This is 

accompanied by vacular degeneration of the basement membrane. The cause is believed to 

be an abnormal chronic inflammation marked by an intense band-like infiltration including 

cytotoxic T cells below the basement membrane which trigger the death of the keratinocytes. 

While the disease is thought to be autoimmune in nature, it is not clear what causes the 

infiltration and adherence of the CD8+ cells to the disease sites. Some studies of tissue from 

lichen planus lesions have noted higher rates of Hepatitis C Virus (HCV) infection and even 

Candida in lesions, which suggested an abnormal immune response to infected keratinocytes 

may initiate the disease.2,4 The fact that oral lichenoid reactions (OLR), which are 

histopathologically indistinguishable from OLP lesions, are known to be due to an allergic 

reaction to drugs or dental amalgam further supports the role of adaptive immunity in 

OLP.3,5 The treatment of OLP consists of topical application of corticosteroid, which shows 

some reduction of symptoms possibly by dampening lymphocyte migration and activation.2

It has long been thought that the key to determining the etiology of lichen planus, be it in the 

skin or in the oral cavity, is to uncover what causes the buildup of T cells. Because the 

differential expression of chemokines, chemokine receptors, and adhesion molecules plays 

an important role in the migration and buildup of immune cells in the periphery, much effort 

has been made to characterize the expression of these protein types in the lymphocytes of 

diseased versus normal patients. In addition, abnormalities of dendritic cells, mast cells and 

other immune cells, endothelial cells, and keratinocytes have all been suggested as the 

source of the factors that draw the T cells to the site just below the basement membrane. For 

example, while specialized cells like Langerhans cells play a major role in antigen 

processing and T cell recruitment, it is known that keratinocytes of the skin and mucosa play 

a fundamental immunological role as a first barrier to infection.6 Abnormal antigen 

presentation by either of these cell types has been considered as a first step to this disease, 

which eventually results in the autoimmune-like features of OLP.4,7

As the first barrier to infection, the epithelium of the skin and mucosa play a role in the 

innate immune response that works to recognize and eliminate various microbial 

components.6,8 In recent years there has been a renewed focus on the innate immune system, 

including its ability to affect adaptive immunity and possible roles for innate immunity in 

chronic inflammatory and autoimmune diseases, such as psoriasis, asthma, diabetes, and 

others.9–12 A primary part of the innate immune system are the toll-like receptors (TLRs), 

transmembrane factors that are pattern-recognition proteins that recognize ligands that are 

Adami et al. Page 2

Arch Oral Biol. Author manuscript; available in PMC 2017 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



part of microbes.6,13,14 There are more than 11 TLRs with specificities for different 

organisms that, when engaged, activate cellular pathways resulting in changes in gene 

expression. Additional receptor proteins, such as CD14, can act as co-receptors and aid in 

recognizing pathogen-associated molecular patterns and also play key roles in TLR1, TLR2, 

and TLR4 recognition of triacylated lipoproteins15 and the initiation of the innate immune 

response. Activation of the TLRs typically results in activation of NFK-B and other 

regulatory complexes that signal the production of inflammatory chemokines, such as 

CXCLs, which can recruit neutrophils for acute inflammation. Increases in certain cytokines 

and receptors in immune cells via TLR activation can have direct effects on T cell response 

in autoimmune diseases.12,16 Some years ago Xao et al. published the only global gene 

expression analysis of tissue from this disease 17 and we have tried to use this as a starting 

point to discern genes differentially expressed in the epithelium of patients with OLP or 

OLR. Various factors have been shown to be associated with OLP based on changes in 

protein or RNA levels in OLP mucosal tissue or even protein levels in saliva. 18–23 Focusing 

on these and related genes we performed gene expression analysis on highly expressed 

genes of the oral epithelium and were able to identify a set of genes linked to OLP.

2. Material and methods

2.1 Clinical sampling

Brush cytology samples were collected from 14 patients with OLP based on the clinical 

features of a bilateral, near symmetrical pattern of white, lacy lines on the mucosa, called 

Wickham’s striae, which is the reticular form of OLP. 24 Several cases were of the erosive 

type, also referred to as the atrophic or ulcerative type, which presents as erythematous, 

ulcerative lesions. Care was taken to sample oral epithelium only. Most cases (12) and all 

ambiguous cases were verified by surgical biopsy and histopathology to show the World 

Health Organization criteria of a dense subepithelial lymph-histiocytic infiltrate, overlying 

keratinization and degeneration of basal keratinocytes.7 While OLP in the classic 

presentation can be recognized without biopsy based on the lesion appearance, the lesions 

are typically biopsied to rule out the presence of malignancy which may be associated with 

the disease. 2,3,24

Two cases were consistent with OLR while the remainder were OLP based on the case 

history. Diagnosis was done by one of two specialists in oral medicine. Patients were seen in 

the Oral and Maxillofacial Surgery Clinic and the Multidisciplinary Head and Neck Cancer 

Clinic in the University of Illinois Medical Center.25 The healthy normal group samples 

were from mucosa that appeared to be clinically healthy in patients there for tooth 

extraction. The alternative disease group consisted of 19 brush cytology samples sites of 

apparent mucosal abnormalities, all diagnosed after tissue histopathology. All subjects 

provided consent to participate in accordance with guidelines of the Institutional Review 

Board of the University of Illinois at Chicago.

2.2 Brush cytology

Brush cytology was performed on patients as they presented in the clinic. Samples were 

immediately placed in Trizol (Invitrogen, Carlsbad, CA, USA), mixed, and frozen. We used 
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a cervical cytology brush with RNA purification as described using the RNAeasy Mini Kit 

with DNAse digestion (Qiagen, Germantown MD). 26 Typically 400 to 2000 nanograms 

were harvested per sample.

2.3 Gene target selection

A number of studies have compared mRNAs in surgically obtained mucosa of OLP patients 

versus control mucosa in order to define genes differentially expressed with this disease. 

Much of this work has focused on the T cells that invade the stroma. Primers were designed 

for q-RT-PCR analysis of CD1418, TLR1, TLR2, TLR619, IL1020, HIF127, hTR 28, and 

TRPV129. RNA for IL6 and IL8, two proteins that have been shown in multiple reports to be 

increased with OLP and to be synthesized by keratinocytes were also examined.21–23,30 In a 

small study Ichimura et al. studied differential gene expression in epithelial samples from 3 

OLP patients and saw 20 to 40x increases in expression of CXCL9, 10 and 11, so we 

designed primers to test these despite low basal expression in normal epithelium. 31 We did 

not test VEGFa due to the difficulty in designing specific primers probes for this mRNA.27 

Brush oral cytology supplies limited amounts of sample so that the focus was on mRNAs 

with more than average expression levels in the epithelium, as tested by global gene 

expression analysis of 6 epithelial samples of a variety of oral illnesses using hybridization 

to Affymetrix Human Genome U133 Plus 2.0 microarrays32 (data not shown). In 2009 Tao 

et al. published the first, and perhaps only, global gene expression analysis study of OLP 

gene expression17. Using whole mucosa (epithelium, stroma, immune cells, blood) as a 

source of lichen planus and normal tissue they showed 22 genes to be overexpressed at least 

8x with this disease. We designed qRT-PCR primers for those that showed expression levels 

above background in our epithelial samples: CCR7, CXCL1, MMP12, GBP5, and MMP9. 

We also examined the genes shown to be downregulated at least 8x in the Tao study, 

focusing on the highest expressers in normal epithelia samples we tested: SEC61B, FOSB, 

ALOX12, ANXA1, and ADH7.

2.4 RT-PCR

One hundred nanograms of each RNA from brush cytology was converted to cDNA and 

quantitative RT-PCR was carried out using the iCycler iQ (Bio-Rad, Hercules, CA, USA) 

and SYBR Green fluorescence as described.25 Approximately equal amounts of each cDNA 

were amplified using Brilliant II SYBR Green QPCR Master Mix (Agilent Life 

Technologies Santa Clara, CA, USA) at 95 degrees C for 10 minutes followed by 40 cycles 

at 95 degrees C for 30 seconds, 60 or 57 degrees C for 60 seconds, followed by 95 degrees C 

for 60 seconds and 55 to 95 C degrees in 0.5 degree steps for melt curve analysis. 

Hybridization temperatures were optimized empirically. Standard curves were created for 

each primer pair. Values were normalized to the geometric mean of the controls: GAPD, 
RPLPO, and RPL4. Primers for these mRNAs, and those to detect the target mRNAs, were 

designed using Primer Express to give products of approximately 100 bases; sequences were 

previously published and/or included in the supplemental data section (supplemental 

figure).25 The qRT-PCR for FOSB and ADH7 did not produce a single product and IL6, 

MMP1, MMP9, and MMP12 were undetectable in most samples and were not pursued (data 

not shown).
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2.5 Immunohistochemical staining

Thin sections from paraffin blocks of tissue obtained by biopsy were stained immunohisto-

chemically for CXCL1 (GRO alpha) and TLR1 proteins. After mounting, slides were 

deparaffinized using xylene washes, rehydrated in graded ethanol washes, microwave heated 

for 12 minutes in 10 mM Sodium Citrate, exposed 15 minutes to 3% hydrogen peroxide in 

methanol, followed by 2 PBS washes, 40 minutes incubation with 2.5% horse serum and 

then overnight with rabbit anti-CXCL1(GRO alpha) (NBP1-40227)(1:600) or rabbit anti-

TLR1 (NBP1-02993) (1:600) (both from Abcam Inc., Cambridge, MA, USA). To complete 

the staining, the ImmPRESS reagent kit and ImmPACT DAB peroxidase substrate (Vector 

Laboratories, Burlingame, CA, USA) were used. Counterstaining used Mayers Hematoxalin 

(Thermo Fisher Scientific, Pittsburgh, PA, USA). Positive controls for CXCL1 were 

squamous cell carcinoma tissue and for TLR1, lymphocytes (data not shown and Figure 1).

2.6 Statistical analysis, class comparison and class prediction using RNA from brush 
cytology

The class comparison function of BRB-Array Tools 3.9 (two-sample t-test with random 

variance model) allowed the determination of mRNA of genes that show differential 

expression in oral epithelium in patients with OLP versus those with visually normal or 

“healthy” mucosa with a maximum allowed proportion of false positive genes of 0.1 (R. 

Simon and A. Pang Lam (http://linus.nci.nih.gov/BRB-ArrayTools.html). A gene expression 

classifier for OLP and for OLR was developed using leave-one-out cross-validation (LOO 

CV) and BRB-Array Tools as described earlier.25,33 Briefly, normalized mRNA levels for 

the 9 targets were log2 transformed and entered for each sample of the training set. We 

allowed the program to choose the significance level for gene inclusion for class prediction 

using an imbedded optimization scheme to prevent overfitting. Seven separate algorithms 

were used to generate optimized predictors while simultaneously performing LOO CV of 

the generated classifiers.

3. Results

Brush oral cytology samples were obtained from 14 patients with OLP or OLR. Table 1 

provides a description of these subjects. In a bid to focus on genes differentially expressed 

uniquely with OLP and OLR and not in other oral diseases, we compared gene expression to 

a second group with samples from a variety of oral lesions (Table 2). This alternative disease 

set included OSCCs and hyperkeratotic lesions from 23 patients with apparent oral mucosal 

lesions that required a biopsy, but were not OLP or OLR based on clinical examination and 

histopathology. RT-PCR analysis of 21 different potential mRNA markers of OLP was 

attempted but only 10 revealed detectable expression in at least half of one group. Of these, 

4 were likely to be differentially expressed between the two groups (Table 3).

Due to the overwhelming association of the top 4 genes differentially expressed with OLP 

and the innate immune response we then compared gene expression in the 14 lichen planus 

samples with expression in normal healthy tissue in subjects lacking oral soft tissue disease. 

If genes were truly differentially expressed with OLP/OLR, then the expression changes 

might be marked in a comparison to normal tissue. RNA from normal or “healthy mucosa” 
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was from 17 subjects without any oral soft tissue lesions based on visual inspection. The 

mean subject age was 42.2; 12 were females, 5 males; and 9 samples were from buccal 

mucosa, 7 from the gingiva, and 1 from tongue. There was one smoker and 2 former 

smokers. RT-PCR analysis of 19 different mRNAs was done but only 9 mRNAs revealed 

detectable expression in at least half of one group. Six of the nine showed differential 

expression between the two groups at a statistically significant level, taking into account 

multiple testing. These are shown in Table 4 as mRNAs with a change in level of at least 2x 

and a False Discovery Rate of less than 0.05.

Increased levels of specific mRNAs in cells of the epithelium that occur with OLP could be 

due to increased levels of expression across the tissue or due to very high levels in one 

particular cell type. Immunohistochemistry analysis of CXCL1 and TLR1 proteins showed 

substantial accumulation of these proteins in the cytoplasm of keratinocytes of the 

epithelium of OLP tissue and little evidence for extremely high protein levels in professional 

immune cells, such as lymphocytes, Langerhans, and dendritic cells which are present in the 

epithelium but at much lower numbers (Figure 1).

A classifier for OLP and OLR would be of interest because although these sister diseases are 

typically diagnosed with a visual exam, only specialists have this expertise. Thus a gene 

expression classifier may ease detection of these treatable diseases. To perform class 

prediction for OSCC using the RNA from cytology samples, BRB-Array Tools was used to 

do LOO CV, simultaneously testing 7 classifiers for their ability to differentiate OLP and 

OLR from healthy mucosa samples based on the levels of the 9 genes in table 4. We found 

that among the 6 methods (compound covariate predictor, diagonal linear discriminant 

analysis, 1-nearest neighbor, 3-nearest neighbor, nearest centroid, and support vector 

machines) there was on average 79% accuracy in identifying these samples.

A more valuable class predictor is one that can differentiate OLP/OLR not from healthy 

tissue but from other oral soft tissue pathologies. BRB-Array Tools was used again, this time 

to develop a classifier to differentiate OLP/OLR from alternative pathologies based on 

epithelia gene expression. Note all non-OLP/OLR diagnoses were confirmed by biopsy and 

histopathology with one exception. Using LOO CV this new classifier showed on average 

78% accuracy in classifying OLP/OLR versus other pathologies.

4. Discussion

The original goal of this study was to identify genes highly expressed in oral epithelium at or 

near the site of OLP or OLR lesions that showed differential expression compared to control 

oral epithelium without the disease.18–23 Some of the genes tested showed differential 

expression of much greater magnitude than those recorded in earlier studies. For example 

Ohno et al. saw a less than 2-fold increase of TLR1 in oral tissue with OLP, and did not 

focus on this gene, while we saw a 7x change.19 This is likely due to the fact that our screen 

focuses on cells of the epithelium, which consists mainly of keratinocytes, with small 

numbers of immune cells including Langerhans cells, mast cells, and minimal numbers of 

lymphocytes. One earlier study of the OLP epithelial layer used laser micro-dissection but 

focused on lymphocytes and their gene expression and used minimal numbers of samples.31 
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In the end the small group of genes we tested did not produce a highly accurate classifier for 

OLP, but by focusing on the epithelium the study did highlight a possible role for innate 

immunity in this disease. Of the top 4 genes shown to be differentially expressed in our 

brush oral cytology samples of OLP/OLR and non-OLP/OLR mucosa, all 4 are part of the 

innate immune system. A fifth gene that was mildly downregulated on the RNA level versus 

all non-OLP/OLR epithelium tested was ANXA1, a widely expressed protein that promotes 

resolution of inflammation through various mechanisms.34,35 All are known to be expressed 

by cells that include keratinocytes and professional immune cells, Langerhans, and mast 

cells in the mucosa, all of which have the ability to recognize microbial invaders and signal 

an innate immune response. CD14 has already been shown to be elevated on the protein and 

RNA levels in oral keratinocytes with OLP.18 We showed here that two of these proteins, 

CXCL1 and TLR1, were at significant levels in the cytoplasm of mucosal keratinocytes of 

OLP lesions (see Figure 1). This allows us to conclude that the changes in expression seen 

are likely to represent changes in the keratinocytes, at least for CXCL1, TLR1, and CD14.

TLRs are expressed in cells of the mucosal and dermal epithelium with the role of 

recognizing microbial invasions. Their engagement results in activation of these cells and 

their expression can be increased with activation of an innate immune response.6,14 TLR1 

protein shows changes in distribution in the epithelium with the cutaneous version of lichen 

planus, though the overall mRNA level does not change.36. Functionally TLR1 can 

contribute to the TLR4 directed recognition of HCV proteins in human macrophage and in a 

kidney cell line.37 It is curious in that HCV has been suggested to play a role in OLP 

induction.4 Recent work showed TLR4 and TLR9 increases in oral keratinocytes in OLP 

lesions supporting the role for innate immunity component in this disease.38 CD14 functions 

as a co-receptor along with other pattern-recognition receptors of the innate immune system 

such as TLR2.39 We note that CD14 can augment the uptake of bacteria by macrophage and 

keratinocytes and facilitate the generation of an innate immune response by these cells.40 

CXCL1 is produced in response to engagement of multiple TLRs in different tissues.41–44 

For example, aperigillus fumigatos when recognized by TLR1 in mice macrophages and 

human cell lines induces the production of CXCL1.45 IL8 protein, which can be produced 

by monocytes, macrophage, neutrophils, fibroblasts, and keratinocytes, has been shown to be 

elevated in levels in the saliva and serum with OLP.22,23 IL8 can be induced, for example, by 

TLR3 activation in human esophagus keratinocytes in cell culture.46. Secreted IL8 plays a 

role in the neutrophil migration and activation and T lymphocyte migration. CXCL1 which 

functions in response to microbial invasion and tissue injury also is a potent neutrophil 

recruiter. Both CXCL1 and IL8 work to create inflammation.47,48

It was shown some time ago that the innate immune response can lead to the activation of 

adaptive immunity. Initially cytokines and chemokines released can attract various 

leukocytes including immature neutrophils and Langerhans cells that can perform antigen 

processing with the activation of Th1 and B cells.14 It has been shown for multiple 

hypersensitivities or diseases with auto-immune components such as asthma, diabetes, and 

psoriasis, that the presence of microbial products that activate the innate immune system or 

the artificial activation of the TLRs along with antigen exposure results in induction of these 

diseases in experimental models.9,10,12,13,23,49–51 The present study showed changes in 

innate immunity response gene expression in keratinocytes with OLP but did not rule out 
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changes in other cells as being involved in the disease. Indeed there is evidence that mast 

cells, cells that can stimulate and inhibit the innate immune response by regulating acute 

inflammation and can stimulate T cell migration to a site, show increased activation with 

OLP. Mast cells also have a role in immune-related diseases such as rheumatoid arthritis, 

asthma, psorisaisis, etc.52,53

A key question is what is the microbe, or foreign entity, that induces the innate immune 

response by engaging the TLRs that trigger OLP. While HCV has received some attention as 

a possible initiator in the chain of events that lead to OLP, other sources are possible 54. A 

similar question is what cells change to initiate the major defects in OLP of T cell invasion 

and keratinocyte death. While our results show changes in gene expression that occur in 

keratinocytes, and others have indicated changes in mast cell activation with this disease, it 

is unclear what initiates the illness.52,53 Another major question is why there is recruitment 

of T cells but the general lack of acute inflammatory cells like neutrophils with OLP. If there 

is increased IL8 and CXCL1 protein, and not just RNA, at the OLP site then we would 

expect to see more acute inflammatory cells there, unless some other regulatory mechanism 

is preventing it. Finally, it is also important to determine if each OLP episode requires a new 

activation of the innate immune system in the mucosa or if a once-in-a-lifetime exposure is 

sufficient to induce the disease episodically. If the former is the explanation then drugs that 

block the innate immune response may show efficacy in treating this disease. Curiously, it 

has been shown that plaque control, one method of reducing infection associated with 

periodontal disease, simultaneously reduces symptoms of oral lichen planus 55,56
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Figure 1. 
Histopathology and immunohistochemical staining of OLP mucosa. (A) Hematoxalin and 

eosin staining reveals characteristic subepithelial lymphocytic infiltration and 

hyperkertatosis in representative OLP mucosa. Scale bar represents 60 microns (B) 

Immunohistochemical detection of CXCL1 reveals positive staining in both stromal 

lymphocytes and epithelial keratinocytes. Scale bar represents 60 microns (C) 

Immunohistochemical detection of TLR1 reveals positive staining in both stromal 

lymphocytes and epithelial keratinocytes.Sc ale bar represents 60 microns (D) Hematoxalin 

and eosin staining of second sample of lichen planus mucosa viewed at high power. Scale 

bar represents 25 microns. (E) High power histochemical detection of CXCL1 in OLP 

mucosa. Scale bar represents 25 microns. (F) High power histochemical detection of CXCL1 

in OLP mucosa. Scale bar represents 25 microns.
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Table 3

RT-PCR analysis of gene expression using RNA from brush cytology of OLP versus other oral disease or 

condition

Parametric p-value FDR Fold- change mRNA

1 3.15E-05 0.000284 13.1 CD14

2 0.00191 0.0062 12.5 IL8

3 0.00207 0.0062 11.2 CXCL1

4 0.00612 0.0138 5.0 TLR1

5 0.0331 0.0596 0.55 ANXA1

6 0.0893 0.134 1.72 SEC61B

7 0.192 0.229 3.0 GBP5

8 0.204 0.229 2.0 CCR7

9 0.299 0.332 2.4 IL6

10 0.771 0.771 1.1 ALOX12

*
Sorted by p-value of the univariate test

†
FDR is the false discovery rate, a measure of the probability that the data point is truly differentially expressed.

Arch Oral Biol. Author manuscript; available in PMC 2017 May 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Adami et al. Page 16

Table 4

RT-PCR analysis of gene expression using RNA from brush cytology of OLP versus normal mucosa

Parametric p-value FDR Fold- change mRNA

1 1.15E-05 5.31E-05 39.5 IL8

2 1.18E-05 5.31E-05 15.9 CXCL1

3 8.26E-05 0.000248 14.8 CD14

4 0.000611 0.00137 17.5 TLR1

5 0.00485 0.00873 0.34 ANXA1

6 0.0333 0.0499 0.25 ALOX12

7 0.0531 0.0682 13.7 GBP5

8 0.114 0.129 1.67 SEC61B

9 0.418 0.418 1.98 CCR7

*
Sorted by p-value of the univariate test

†
FDR is the false discovery rate, a measure of the probability that the data point is truly differentially expressed.
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