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Abstract Background/purpose: Oral lichen planus (OLP) frequently overlaps clinically and

histopathologically with oral erythroleukoplakia (OEL), a high-risk oral potentially malignant

disorder. OEL with lichenoid features (OEL-L) may closely mimic OLP, resulting in diagnostic

uncertainty and inappropriate management. This study aimed to characterize immune and

epithelial transcriptomic differences between OLP and OEL-L and to identify potential diag-

nostic biomarkers.

Materials and methods: Formalin-fixed paraffin-embedded specimens from 6 OLP and 6 OEL-L

cases were analyzed retrospectively. Diagnoses were established according to World Health Or-

ganization criteria. Immune and epithelial gene expression profiles were assessed using the Na-

noString nCounter Autoimmune Discovery and PanCancer Progression panels. Differentially

expressed genes were identified using a fold change >5 and P < 0.01.

Results: OLP lesions showed marked activation of T-cell—associated immune pathways,

including T-cell receptor signaling, natural killer cell cytotoxicity, and type I interferon re-

sponses. In contrast, OEL-L exhibited global suppression of adaptive immune signatures with

enrichment of metabolic and oxidative stress pathways. OEL-L demonstrated increased expres-

sion of B-cell— and plasma cell—related genes [tumor necrotic factor receptor superfamily

member 17 (TNFRSF17), CD79A] and epithelial-derived C-X-C motif ligand 8 (CXCL8) and matrix

metalloproteinase 12 (MMP12), accompanied by stromal and extracellular matrix—remodeling

signatures.
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Conclusion: Distinct immune and epithelial transcriptomic profiles differentiate OLP from OEL-

L. CXCL8, MMP12, and B-cell—associated markers may serve as useful adjunctive biomarkers

for pathological discrimination.

ª 2026 Association for Dental Sciences of the Republic of China. Publishing services by Digital

Commons. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Oral lichen planus (OLP) is a relatively common immune-

mediated mucocutaneous disease, with a reported global

prevalence of up to 5 %.1 Clinically, OLP typically presents

as interlacing white striae (Wickham striae) on an

erythematous background,2,3 although the classic reticular

pattern tends to diminish with disease duration. Despite

these characteristic features, substantial clinical and his-

topathological overlap exists between OLP and other oral

mucosal disorders, creating significant diagnostic chal-

lenges in the routine practice.4 Among OLP mimickers, oral

erythroleukoplakia (OEL) is of particular concern. OEL is a

clinical diagnostic entity representing one of the most se-

vere oral potentially malignant disorders (OPMD),

frequently harboring high-grade epithelial dysplasia and

carrying a high risk of malignant transformation.5 Clinically,

OEL often manifests as mixed red-and-white patches or

plaques with a smooth or granular surface. According to the

World Health Organization, erythroplakia is defined as a

“fiery red patch that cannot be characterized clinically or

pathologically as any other definable disease.” Although

solitary lesions are more typical of OEL than erosive OLP,

multifocal OEL is not uncommon, especially in patients with

extensive carcinogen exposure due to field cancerization,

further complicating the clinical distinction.

Histopathologically, OLP classically demonstrates

hyperparakeratosis or hyperorthokeratosis, basal cell

degeneration, Civatte body formation, and a band-like

lymphocytic infiltrate in the superficial lamina propria.6,7

However, basal and parabasal cellular atypia may occa-

sionally be observed, which can mimic epithelial dysplasia.

Conversely, epithelial dysplasia and oral squamous cell

carcinoma frequently exhibit lichenoid features, including

band-like inflammation and basal cell degeneration.

Indeed, previous studies have reported focal lichenoid

characteristics in nearly one-third of dysplastic or malig-

nant oral lesions, underscoring the diagnostic ambiguity

between OLP and OEL with lichenoid features (OEL-L).8

Direct immunofluorescence (DIF) is commonly employed

to support an OLP diagnosis, with shaggy fibrinogen depo-

sition along the basement membrane zone, which is

considered characteristic. Nevertheless, fibrinogen and

complement deposition at the basement membrane is not

specific for OLP lesions and has also been observed in a

substantial proportion of dysplastic and malignant lesions,9

limiting its diagnostic utility. Importantly, OLP is typically

managed with immunosuppressive therapies, including

corticosteroids and other immunomodulatory agents.

Misdiagnosis of OEL-L as OLP may therefore lead to inap-

propriate immunosuppression, potentially impairing local

immunosurveillance and adversely affecting patient

outcomes.

Collectively, these challenges highlight a critical unmet

need for reliable pathological methods to distinguish OLP

from OEL-L. Genome-wide gene expression profiling offers

a promising approach to address this issue.10,11 By applying

the NanoString nCounter system, we aimed to compare

immune-related and epithelial gene expression landscapes

between OLP and OEL-L lesions, identify pivotal differen-

tially expressed genes, and evaluate their potential as

diagnostic biomarkers.

Table 1 Clinical information of 6 enrolled cases of oral

lichen planus (OLP) and another 6 enrolled cases of oral

erythroleukoplakia with lichenoid features (OEL-L).

Case Pathological

diagnosis

Age Gender Location

1 OEL-L/severe

dysplasia

57 F Tongue lateral

border

2 OEL-L/moderate

to severe dysplasia

75 M Labial mucosa,

lower

3 OEL-L/moderate

dysplasia

67 M Buccal mucosa,

left

4 OEL-L/moderate

dysplasia

68 M Buccal mucosa,

right

5 OEL-L/severe

dysplasia

61 F Tongue, lateral

border

6 OEL-L/moderate

dysplasia

46 M Buccal mucosa,

left

7 Lichenoid

mucositis

44 F Buccal mucosa,

right

8 OLP 63 F Tongue lateral

border

9 OLP 71 F Buccal mucosa,

right

10 OLP 19 M Tongue, dorsal

surface

11 OLP 60 F Buccal mucosa,

left

12 OLP 28 M Buccal mucosa,

right
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Materials and methods

Acquisition of formalin-fixed paraffin-embedded

tissue specimens

Formalin-fixed paraffin-embedded (FFPE) tissue specimens

of OLP and OEL were retrospectively retrieved from the

archives of the Department of Oral Pathology, National

Taiwan University Hospital from 2016 to 2020. This study

was conducted in accordance with institutional and ethical

guidelines and was approved by the Institutional Review

Board of National Taiwan University Hospital (IRB No.

202006190RINA). Relevant clinical information was ob-

tained through the chart review. Specimens from patients

younger than 20 years of age or with a history of prior

treatment were excluded.

Histopathological diagnoses were established based on

review of hematoxylin and eosin (H&E)-stained tissue

sections, supplemented by DIF findings in OLP cases, ac-

cording to World Health Organization diagnostic criteria.

All cases were independently evaluated by two experi-

enced oral pathologists. OEL cases exhibiting lichenoid

features, including band-like or patchy lymphocytic infil-

tration at the epithelial-lamina propria interface, basal

cell liquefaction degeneration, and lymphocytic

exocytosis, were classified as OEL with lichenoid features

(OEL-L). Additionally, OLP cases showing epithelial atypia

beyond the basal-parabasal layer or premature dysker-

atosis within the lower third of the epithelium were

reclassified as OEL-L.

Nanostring nCounter mRNA expression analysis

For transcriptomic analysis, 10-μm FFPE sections were

prepared and macrodissected to collect the entire surface

epithelium along with the underlying band-like inflamma-

tory infiltrate, guided by the corresponding H&E-stained

slides. Total RNA was extracted using the miRNeasy FFPE Kit

(Qiagen Taiwan Company Limited, Taipei, Taiwan)

following the manufacturer’s protocol. RNA quantity and

quality were assessed using NanoDrop spectrophotometry

and an Agilent BioAnalyzer (Agilent, Santa Clara, CA, USA).

Gene expression profiling was performed using the Nano-

String nCounter platform with the Autoimmune Discovery

and PanCancer Progression panels (Agilent). Data analysis

was conducted using the nCounter Advanced Analysis

module (v2.0.115, Agilent). Differentially expressed genes

with a fold change greater than 5 and a P-value less than

0.01 were identified before and after sample regrouping

and selected as candidate diagnostic markers.

Figure 1 Significant overlapping of clinical presentation and microscopic features between the oral lichen planus (OLP) (A and B,

case 4) and oral erythroleukoplakia with lichenoid features (OEL-L) (C and D, case 9). Both diseases appear as intermixed red and

white patch to plaque with surface erosion to ulceration grossly. Please note the Whickham striation-like white lines at the anterior

border of the OEL-L (C, arrows). A band-like chronic inflammatory cell infiltrate with lymphocytic exocytosis is also discerned in

both diseases (B and D).
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Results

After reviewing the clinicopathological features and histo-

logical slides, 6 cases of OLP and another 6 cases of OEL-L

were enrolled for analysis. The information of enrolled 12

cases is summarized in Table 1. The clinical presentation of

both entities shared a striking resemblance, which

demonstrated intermixed white striation to patch and

erythematous to erosive areas (Fig. 1). The mean age of

OLP group was approximately a decade younger than that

of OEL-L group (47.8 years and 62.3 years, respectively),

and a female predilection in the OLP group was discerned.

These findings were consistent with previous epidemiology

data of both entities,12 confirming the representativity of

enrolled cases. All the males in the OEL-L group had at least

one habitual carcinogen consumption, in contrast, the fe-

males in this group lacked such exposure. Noteworthy, the

OEL-L lesions of both females were located at the lateral

border of the tongue.

After microdissection aided with H&E stains, the super-

ficial lamina propria harboring the dense inflammatory cell

infiltrate were interrogated with Nanostring Autoimmune

Discovery panel, and epithelial components of specimens

were subject to Nanostring PanCancer Progression panel

analysis. First, we interrogated the immune cell profiles in

both groups for comparison. A hierarchical clustering

heatmap in regard of the inflammatory cell infiltrates in

both groups was generated to illustrate the relative activity

of curated immune, inflammatory, and stress-response

pathway signatures across all samples (Fig. 2). Each col-

umn represented one pathway signature and each row

represented an individual sample. Color intensity reflected

the normalized enrichment score (NES or Z-score), with

yellow indicating the higher pathway activity and blue

indicating the lower activity. Both samples and pathways

were clustered using unsupervised hierarchical clustering

(Euclidean distance, complete linkage), revealing distinct

molecular subclasses. The majority of OLP (4 out of 6)

displayed marked upregulation of T-cell activation, T cell

receptor (TCR) signaling, natural killer (NK)-cell cytotox-

icity, and cytokine—cytokine receptor interactions, along-

side enriched inflammatory response and type I interferon

signaling programs. The concerted induction of IL-6, tumor

necrosis factor (TNF), and interferon (IFN)-related path-

ways indicates a highly inflamed microenvironment char-

acterized by both innate and adaptive immune

engagement. Upregulation of antigen presentation path-

ways further suggests enhanced interactions between

antigen-presenting cells and effector lymphocytes. Collec-

tively, this profile reflected a cytotoxic, T-cell—inflamed

state commonly associated with increased immune cell

infiltration. In contrast, the OEL-L specimens demonstrated

widespread suppression of immune-related pathways.

These samples exhibited the low activity of T-cell and NK-

cell signaling modules, the diminished IFN-α/β and inflam-

matory cytokine responses, and the reduced enrichment of

Th1/Th2/Th17 differentiation pathways. The parallel

downregulation of multiple adaptive immune signatures

suggest the limited T-cell priming, reduced cytotoxic po-

tential, and a generally immunosuppressed or immune-

excluded microenvironment. The relative increases in

oxidative stress and metabolic pathways within this cluster

pointed to metabolic reprogramming, which might further

impede effective immune infiltration or activation through

the nutrient competition or hypoxia-driven immunosup-

pression. To delineate transcriptional differences between

OEL-L and baseline LP, we performed the differential

expression analysis and visualized the results using a vol-

cano plot (Fig. 3). A pronounced asymmetry toward the

upregulated genes was observed, indicating the widespread

transcriptional activation in OPMD. Several genes exceeded

both statistical significance and fold-change thresholds,

highlighting the robust immune and inflammatory responses

associated with the disease state. Among the most signifi-

cantly upregulated transcripts were pro-platelet basic

protein (PPBP, which encodes chemokine C-X-C motif ligand

7/CXCL7), tumor necrotic factor receptor superfamily

member 17 (TNFRSF17), lymphotoxin beta (LTB), C-X-C

motif ligand 8 (CXCL8, which encodes interleukine 8/IL-8),

C-X-C motif ligand 3 (CXCL3), CD79A, interferon regulatory

Figure 2 Heatmap analysis on transcriptomic comparison

between the immunologic landscapes of the oral lichen planus

(OLP) and oral erythroleukoplakia with lichenoid features

(OEL-L) (n � 6 in each group, Autoimmune Discovery panel).

Note the majority of OLP (4 out of 6 cases) manifest a similar

transcriptomic profile, e.g., upregulation of NF-κB axis, T cell

receptor signaling, Toll-like receptor (TLR) pathway, IL-12

regulations, etc. These signatures are down-regulated in

most OEL-L specimens (5 out of 6 cases). Most importantly, one

case previously diagnosed OEL-L displays the profile of OLP and

2 cases with an original diagnosis of OLP manifest the land-

scape of OEL-L, indicating microscopic evaluation might not be

a reliable surrogate of the nature of the diseases. Group: or-

ange, OLP; gray, OEL-L.
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factor 4 (IRF4), and X-box binding protein 1 (XBP1, encodes

a transcriptional factor regulating major histocompatibility

complex/MHC class II genes), with log2 fold-changes ranging

from approximately 2 to 6. These genes were enriched in

pathways related to the chemokine production, B-cell re-

ceptor (BCR) signaling, plasma cell differentiation, and

nuclear factor kappa-light-chain-enhancer of activated B

cells (NF-κB) transcriptional activity. Notably, the upregu-

lation of IRF4, XBP1, and TNFRSF17 marks a transcriptional

signature characteristic of activated or post-germinal cen-

ter B cells and antibody-secreting plasma cells. The

increased expression of chemotactic cytokines such as

CXCL8 and CXCL3 further suggest the enhanced recruitment

of neutrophils and other innate immune cells. Together,

these changes indicate a transition toward a highly in-

flammatory and lymphoid-rich microenvironment that dis-

tinguishes OEL-L from baseline LP. In contrast, the

downregulated genes were fewer in number and displayed

the lower fold changes, with the limited clustering of

functional categories. These downregulated transcripts

likely reflected a reduction in homeostatic epithelial

signaling as inflammatory and immune-mediated processes

became dominant in OEL-L.

Next, we investigated the differentially expressed ge-

netic backgrounds in the epithelial component of both

groups. The unsupervised hierarchical clustering of curated

gene-expression signatures clearly separated the cohort

into distinct transcriptional subgroups (Fig. 4). The

dominant axis of variation opposed a mesenchymal/extra-

cellular matrix (ECM)-remodeling program to a

proliferation-driven program. One major sample cluster

(cases 1, 5, 8, and 10) showed coordinated upregulation of

mesenchymal and ECM—related signatures, including

mesenchymal transition, ECM organization and receptor

interaction, collagen formation, integrin signaling, and

metastasis-associated pathways. These lesions simulta-

neously displayed the reduced activity of cell-cycle and

DNA replication signatures. This pattern was consistent

with a mesenchymal, ECM-high phenotype, suggestive of an

abundant reactive stroma or enhanced invasive potential.

In contrast, a second major sample cluster was character-

ized by strong activation of proliferation-associated signa-

tures, encompassing cell-cycle regulation, G2/M

checkpoint control, DNA replication and repair, and chro-

mosomal instability programs. In these lesions,

epithelial—mesenchymal transition (EMT)- and ECM-related

signatures were comparatively attenuated. This profile was

compatible with a proliferation-high, epithelial-like

phenotype, in which rapid cell division and replication

stress represented the predominant biological features. A

third, smaller group (case 2, 9, and 12) displayed inter-

mediate levels of both EMT and proliferation signatures but

showed the relatively higher enrichment for immune- and

metabolism-related pathways, including inflammatory

response, cytokine signaling, and oxidative

phosphorylation—associated signatures. This subgroup

Figure 3 Volcano plot on pilot small-scale transcriptomic comparison between the immunologic landscapes of the oral lichen

planus (OLP) and oral erythroleukoplakia with lichenoid features (OEL-L) (n � 6 in each group, Autoimmune Discovery panel,

manifested as OEL-L v.s. baseline of OLP).
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likely represented a mixed immune/metabolic phenotype,

with transcriptional contributions from both epithelial cells

and immune or stromal components of the microenviron-

ment. The volcano plot (Fig. 5) showed a relatively con-

servative transcriptomic shift, with most genes clustering

around a log2 fold change (FC) of 0 and exhibiting the

modest statistical significance. Despite the limited number

of transcripts surpassing strict adjusted P-value thresholds,

several genes displayed noteworthy fold changes consistent

with biologically relevant pathway perturbations. A subset

of inflammatory and stromal-related transcripts was

prominently upregulated in OEL-L. Among these, CXCL8 (IL-

8) showed the greatest magnitude of induction

(log2FC ≈ 4), suggesting a marked enhancement of

neutrophil-associated chemokine signaling. Additional

upregulated genes included cytochrome P450 family 1

subfamily B member 1 (CYP1B1), matrix metalloproteinase

12 (MMP12), pyruvate dehydrogenase kinase 1 (PDK1), py-

ruvate dehydrogenase kinase 4 (PDK4), asporin (ASPN), in-

sulin like growth factor 1 (IGF1), and Thy-1 cell surface

antigen (THY1), reflecting the activation of oxidative

metabolism, ECM remodeling, and fibroblast-associated

programs. In contrast, the downregulated transcripts

were fewer and generally exhibited lower effect sizes.

Moderate decreases in CD74, complement C1q B Chain

(C1QB), serpin family E member 1 (SERPINE1), erb-b2 re-

ceptor tyrosine kinase 4 (ERBB4), and mitogen-activated

protein kinase kinase 1 (MAP2K1) suggest attenuation of

antigen presentation mechanisms and immune regulatory

signaling. Collectively, these patterns reflect a preferential

activation of inflammatory and stromal modules accompa-

nied by subtle suppression of adaptive immune pathways.

Discussion

Autoimmune responses to the altered epithelial antigens or

molecular mimicry of antigen of microorganisms are pro-

posed as pathogenetic events of OLP but have not

confirmed yet.13,14 Previous studies indicated that type 1

immune reaction is responsible for the damage of oral

mucosal surface epithelium in OLP.15,16 This reaction is

driven by soluble factors such as interferons, IL-12, TNF-α,

and the cellular components are plasmacytoid and myeloid

dendritic cells,17 and CD4þ and CD8þ T cells.18,19 No evi-

dence of participation of B lymphocytes and antibodies is

observed. However, the exact trigger and comprehensive

analysis of the immune landscape of OLP have not yet been

identified. In addition, the epithelial alteration in OLP is

not fully understood and its contribution to the pathogen-

esis and if these changes confer potential transformation of

OLP are still shrouded in mystery. Various studies have

investigated carcinogenic molecular events in OLP, such as

the telomerase activity, cytogenetic abnormalities,

expression of p53, mouse double minute 2 homolog (MDM2),

p21, small ubiquitin like modifier 1 (SUMO-1), proliferating

cell nuclear antigen (PCNA), argyrophilic nucleolar orga-

nizer regions (AgNOR), Ki-67, B-cell lymphoma-2 (Bcl-2),

Bcl-2-associated X protein (BAX), and loss of heterozygosity

at the tumor suppressor gene loci.20—25 However, the re-

sults of these studies have not shown convincing and clear

evidence of premalignant potential as that is discerned in

epithelial dysplasia. A recently published meta-analysis and

systemic review of malignant transformation rates of OLP

evaluating 16 studies with a total of 7806 patients reported

an overall average malignant transformation rate of

1.09 %.26 However, the debate about whether OLP should

be considered a premalignant condition is still not settled.

The two major challenges underlying this issue are as fol-

lows: first, important clinical information and/or histo-

pathologic evidence are often missing in publications;

second, many other oral diseases may show clinical and

microscopic features similar to those found in OLP, and no

widely accepted diagnostic criteria for OLP have been ar-

ticulated yet. Absence of broad consensus in diagnostic

criteria of OLP leads to mis-inclusion of different diseases

into the same category, and it undermines of the credibility

of meta-analysis of the previous studies.

In the present study, we utilized Nanostring nCounter

mRNA expression analysis to explore the major epithelial

and immunological transcriptomic landscapes between OLP

and OEL-L lesions. Combining these two sets, we found that

the increased expression of epithelium-derived CXCL8 and

MMP12 and enrichment of B cell population (TNFRSF17 and

CD79a) in the OEL-L/ED group than those in the OLP group.

CXCL8 encodes the precursor of IL-8, which is a prototypical

chemokine belonging to the CXC family responsible for the

recruitment and activation of neutrophils and granulocytes

to the site of inflammation. CXCL8 is almost undetectable

Figure 4 Heatmap analysis on epithelial transcriptomic

comparison between the oral lichen planus (OLP) and oral

erythroleukoplakia with lichenoid features (OEL-L) (n � 6 in

each group). No overt segregation between OLP and OEL-L is

discerned. Group: orange, OLP; gray, OEL-L.
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in physiological states, but is rapidly induced by

pro-inflammatory cytokines such as TNF-α and IL-1β.27 The

mechanism of CXCL8-CXCR1/2 signaling in tumorigenesis

and tumor progression has been explored extensively.

CXCL8 is typically known to promote angiogenesis, but it

also activates matrix metalloproteinase (MMP) that is

involved in metastasis-related tissue remodelling.28,29

MMP12 is a protease involved in macrophage migration, and

it also has a crucial role in regulating the resolution of

inflammation. MMP12 cleaves IFN-γ, thereby rendering the

cytokine unable to signal via its receptor. MMP12 efficiently

inactivates IFN-γ by two C-terminal cleavages that remove

the IFN-γ receptor-binding site. These cleavages halt the

downstream signaling and classical-activation to M1 (IFN-γ-

activated) macrophages. M2 macrophages express > 3-fold

more MMP12 than the pro-inflammatory M1 macrophages.

This suggests a new feedback inhibition mechanism

executed by M2 cells that reduces the ratio of destructive

M1 cells and so favors tumor-promoting M2 cells.30 These

data warrant further investigation of the ratio of T/B cells

and the cut-off points of CXCL8 and MMP12 in larger cohorts

of OLP and OEL-L.
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