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Abstract: Erosive and ulcerative oral mucosal diseases (OMDs) are characterized by persistent inflammation, epithelial barrier
disruption, and impaired tissue repair, including oral lichen planus (OLP), discoid lupus erythematosus (DLE), pemphigus vulgaris
(PV), mucous membrane pemphigoid (MMP), and recurrent aphthous ulcers (RAU). Aberrant activation of T cells induces cytotoxic
and cytokine-mediated injury to the oral mucosa, impairing epithelial stem cell (EpSC) function, damaging the basement membrane,
and compromising epithelial regeneration, which eventually results in sustained barrier failure. Under physiological conditions, EpSCs
maintain mucosal resilience through continuous self-renewal and rapid turnover. In ulcerative OMDs, however, T cells drive
inflammatory signals disrupt these processes. To systematically understand these mechanisms, this review summarizes current
evidence on disease specific T cell subsets, cytokine networks, and keratinocyte responses that drive oral epithelial dysfunction. It
also highlights emerging therapeutic strategies aimed at restoring epithelial homeostasis by targeting T cell and keratinocyte
interactions.
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Introduction

Erosive and ulcerative oral mucosal diseases (ulcerative OMDs) are chronic, recurrent disorders. They are characterized
by epithelial barrier breakdown, persistent inflammation and pain, which together lead to substantial reduction in quality
of life."! Representative conditions include oral lichen planus (OLP), discoid lupus erythematosus (DLE), pemphigus
vulgaris (PV), mucous membrane pemphigoid (MMP), and recurrent aphthous ulcers (RAU). Although their etiologies
and effector mechanisms differ, these disorders share clinical features such as painful erosions or ulcerations, repeated
relapses, and therapeutic challenges.”* A common pathological feature is impaired epithelial regeneration associated
with excessive immune activation.'

A central concept of this review is epithelial stemness maintenance. In oral epithelium, the basal keratinocytes
function as oral epithelial stem cells (EpSCs). They maintain the capacity to self-renew, generate differentiated progeny,
and preserve epithelial architecture and barrier function during both homeostasis and repair.>*® Stemness is essential for
the rapid turnover and effective wound healing that characterize healthy oral mucosa. Recent single-cell transcriptomic
and lineage-tracing studies have revealed a discrete stem like compartment within the basal layer that drives mucosal
regeneration.’ ' Disruption of this compartment has been linked to impaired healing, chronic ulceration, and a higher
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risk of malignant transformation in some cases.”
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Figure | Oral epithelial homeostasis, repair; and stemness loss in ulcerative OMDs. (A) Under physiological conditions, EpSCs continuously self-renew and differentiate to
sustain epithelial renewal, while resident immune cells maintain immune tolerance. (B) Following injury, EpSCs proliferate and migrate to restore epithelial integrity,
supported by transient immune activation that facilitates wound closure and resolution. (C) In erosive/ulcerative oral mucosal diseases, however, persistent T-cell infiltration
and chronic inflammation disrupt EpSCs stemness, impair epithelial regeneration, and drive recurrent erosions and barrier breakdown..

Under physiological conditions, EpSCs respond rapidly to injury through proliferation and migration, restoring
epithelial stratification. In ulcerative OMDs, immune perturbations impair these regenerative programs, particularly
T cell dominated inflammation. Activated T cells and their cytokines promote basal keratinocyte apoptosis, liquefactive
degeneration, and adhesion loss (Figure 1). These processes deplete stem like keratinocyte pools and impair re-
epithelialization, leading to barrier failure and chronic non-healing lesions.'" For example, in OLP, cytotoxic CD8+
T cells directly mediate basal keratinocyte apoptosis, whereas in PV, autoreactive T cells provide B cell help to drive
pathogenic autoantibody production, further aggravating epithelial damage. While basal keratinocyte biology in epithe-
lium homeostasis has been described in detail, the ways in which T cell rich inflammatory microenvironments disrupt
EpSCs function remain poorly understood.'*%'?

This review therefore focuses on the role of epithelial stemness in oral mucosal pathology. We discuss how
interactions between T cells and keratinocytes disrupt this process and contribute to barrier dysfunction. By drawing
on evidence from OLP, DLE, PV, MMP and RAU, we highlight mechanistic insights and discuss therapeutic opportu-
nities aimed at restoring epithelial homeostasis and mucosal immune balance. In particular, targeting immune micro-
environmental signals to preserve or restore epithelial stemness emerges as a promising strategy for improving barrier

repair and preventing chronic disease progression.

Ulcerative OMDs Show Epithelial Stemness Disruption and Immune

Activation

Ulcerative OMDs are associated with impaired epithelial regeneration and excessive immune activation. A key patho-
logical process involves the targeting of basal keratinocytes by infiltrating T cells, disrupting the epithelial progenitor
pool that sustains mucosal renewal. These cells serve as the main epithelial progenitors responsible for epithelial renewal,
and their destruction is especially prominent in OLP.'*'* This immune mediated injury leads to loss of epithelial
stemness, reflected in diminished self-renewal and restricted differentiation capacity of basal keratinocytes.
Meanwhile, keratinocyte dysfunction, including apoptosis, abnormal proliferation, premature differentiation, and
impaired adhesion, further compromises mucosal barrier integrity.">!” Loss of stemness contributes to keratinocyte
dysfunction, in part through downregulation of p63 and disruption of Wnt/B-catenin signaling. Keratinocyte dysfunction
may also arise independently through inflammatory or autoimmune pathways, underscoring the complex interplay
between epithelial and immune dysregulation.
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Under physiological conditions, EpSCs rapidly proliferate and migrate to injury sites to restore epithelial integrity and
rebuild the stratified epithelium.'®'” Compared with skin, the oral mucosa exhibits faster wound healing, which enhances
protection against infection. This advantage is supported by oral epithelium specific transcriptional programs that
promote rapid repair.'*!'? Transient immune cell recruitment during normal wound healing can also stimulate kerati-
nocyte proliferation and differentiation, thereby accelerating tissue repair.>*'” In ulcerative OMDs, however, chronic
immune activation disrupts this regenerative process. Persistent infiltration alters keratinocyte behavior. In OLP, for
example, basal cell degeneration and abnormal differentiation impair progenitor function and weaken epithelial
protection.>'%202!

Dysregulated immune signaling is a major driver of tissue injury in ulcerative OMDs.**?? Persistent T cell dominated
responses and a pathologic cytokine signal directly compromise EpSCs function and reshape cell fate within the
inflammatory microenvironment.'*'* In health, the oral mucosa displays minimal inflammation despite constant expo-
sure to environmental stimuli, reflecting a tightly regulated state of immune tolerance.”'” This controlled equilibrium
relies on specialized immune mechanisms that are now being elucidated, offering new insights into mucosal homeostasis
and its breakdown in disease.”* Once tolerance is lost, chronic inflammation disrupts epithelial stemness, impairs barrier
function, and disturbs keratinocyte differentiation.>*' This high sensitivity to immune imbalance also helps explain why
the oral mucosa is often the first site affected in systemic immune mediated disorders.>> Among the immune populations
involved, T cells constitute the dominant subset in both homeostasis and disease, and they play a pivotal role in driving
ulcerative OMDs.%'>!71-2¢ Consequently, immunomodulation emerges as a promising therapeutic strategy to rebalance
the immune microenvironment and preserve epithelial regenerative capacity.'’”*>?” This review focuses on the specific
contributions of T cells and their effector molecules to the pathogenesis of ulcerative OMDs and highlights the emerging
importance of immune regulation in managing these conditions.

T Cell Activation Disrupts EpSCs Function and Mucosal Homeostasis

T cells are a critical resident immune population in the oral mucosa and represent a major expanded population in various
diseased states.®'!” Conventional af T cells consist of CD4+ Th cells (recognizing peptide MHC II) and CD8+ cytotoxic
T cells(CTLs) (MHC 1 restricted). These cells are typically primed in lymphoid organs and then traffic to peripheral
tissues such as the oral mucosa to exert effector functions.?® By contrast, y8 T cells form a distinct, tissue-resident lineage
at barrier sites, such as oral mucosa, skin. They act in an MHC-unrestricted, innate like manner and provide rapid local
defense.*~?

Innate lymphoid cells (ILCs) cooperate with T cells to maintain homeostasis and to regulate inflammation.*'** ILC1s
are located near the basement membrane of the oral mucosa.*> > Meanwhile, ILC2s are implicated in tissue repair, as
seen in skin®® and ILC3s have been found to increase skin thickness in psoriasis and may also have an impact on the oral
mucosa.”’ Dysregulated ILCs responses may foster chronic oral inflammation by sustaining cytokine production and
impairing healing.*®

Infiltration and local expansion of T cells are hallmarks of ulcerative OMDs and can act as both initiators and
perpetuators of tissue injury. By shaping a pro-inflammatory microenvironment, T cells disrupt epithelial homeostasis,
induce keratinocyte death or dysfunction, and deplete basal progenitor pools, which ultimately leading to mucosal
breakdown.'>** This review systematically summarizes the roles of T-cell subsets and associated cytokines in OLP, DLE,
PV, MMP, and RAU, and explores the common immunopathological mechanisms shared across these disorders as well as
the exploration of clinically therapeutic prospects (Table 1).

T Cell Induced Basal Keratinocyte Liquefaction Degeneration and Disruption of
Epithelial Integrity

EpSCs are anchored to the basement membrane zone (BMZ) by hemidesmosomal a6p4 integrin and by B1 integrin
mediated adhesion to collagen IV and laminins. These adhesion mechanisms are essential for maintaining stemness,
polarity and cell survival.>*° Basal keratinocytes proliferate within the basal layer and initiate terminal differentiation as
they migrate suprabasally.” In ulcerative OMDs, T cell dominated inflammation damages the BMZ and intercellular
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Table | T Cell Subset Differentiation and Their Lineage-Signature Cytokines in OMD

Cell Type Signature Cytokines Functional Roles in OMDs Associated OMDs
Thi IL-2, TNF-q, IFN-y Enhance CTL killing and keratinocyte apoptosis; sustain Predominant in OLP, RAU; also active in
chronic inflammation DLE
Th2 IL-4, IL-5, IL-6, IL-10 Drive B-cell activation and autoantibody production; Central in PV (anti-Dsg3); variably in OLP,
promote fibrosis and chronicity DLE
Thi7 IL-17, IL-21, 1L-22 Amplify epithelial inflammation, recruit neutrophils, disrupt Strongly implicated in erosive OLP and
barrier repair RAU; increased in PV
Treg IL-10, IL-35, TGF-B Suppress effector T-cells; maintain tolerance Protective but deficient in OLP, PV, RAU
Th22 IL-22 Stimulates epithelial proliferation and homeostasis, but may Reported in OLP
drive aberrant repair.
Th9 IL-9 Enhance Th17 expansion and chronic inflammation Detected in OLP
Tth IL-21, IL-10 Provide B-cell help, sustain autoantibody responses Elevated in PV; increased in OLP blood
CD8'T TNF-0, IFN-y, perforin, Direct keratinocyte apoptosis, BMZ damage Dominant effector in OLP, RAU; present
granzyme-B in DLE
vo T IFN-y, IL-17 Rapid cytokine release; bridge innate and adaptive Abundant in OLP, PV
responses

Abbreviations: CTL, cytotoxic T lymphocyte; IFN, interferon; IL, interleukin; OLP, oral lichen planus; RAU, recurrent aphthous ulcer; DLE, discoid lupus erythematosus;
PV, pemphigus vulgaris; TGF, transforming growth factor; TNF, tumor necrosis factor; Treg, regulatory T cell; Tth, T follicular helper cell.

junctions, such as desmosomes and adherens junctions. CD8+ cytotoxic effectors together with Th1/Th17 cytokines such
as IFN-y, TNF-qa, and IL-17 directly stress basal keratinocytes. This stress precipitates vacuolar (liquefactive) degenera-
tion and apoptosis, depleting the basal EpSCs pool and compromising re-epithelialization.'>-*!**!

Here we distinguish loss of epithelial stemness from general keratinocyte dysfunction across the epithelial lineage.
T cell mediated vacuolar degeneration primarily targets the basal compartment. This initiates stemness loss, which then
propagates adhesion failure, premature differentiation and impaired re-epithelialization. The following subsections
summarize disease specific evidence from OLP and DLE, two interface pattern disorders in which BMZ injury and

EpSCs stress are prominent.

Oral Lichen Planus

OLP is a chronic T cell mediated inflammatory disorder recognized by the WHO as an oral potentially malignant disorder
(OPMD).** Clinically, mucosal lesions manifest as reticular or erosive forms that may fluctuate with inflammatory
activity.”'** Histopathology shows basal keratinocyte degeneration, BMZ disruption, and band like subepithelial T cell
infiltrates.** These changes directly compromise EpSCs homeostasis, resulting in impaired regeneration and aberrant
differentiation. Basal keratinocytes in OLP exhibit abnormal expression of lineage and adhesion markers, including
downregulation of K15 and K19 and upregulation of pl and a6 integrins.>** In active lesions, E-cadherin loss and
vimentin upregulation further reduce epithelial cohesion and barrier function, facilitating T cell infiltration across the
epithelial stromal interface.'*"'** These alterations reflect EpSCs stress and contribute to a blurred boundary between
the epithelium and lamina propria.

Effector T Cells Drive Epithelial Damage
CD8+ T cells dominate the intraepithelial compartment, whereas CD4+ T cells are more abundant in the lamina
propria.’> Activated CD8+ T cells induce keratinocyte apoptosis via Fas/FasL, perforin/ granzyme, and TNF-a

16,43,47

pathways, and their infiltration intensifies upon BMZ degradation.'>** Concurrently, extracellular matrix remodel-

ing in the immune microenvironment leads to the BMZ degradation and epithelial exposure. This loss of anchoring
disrupts mechanosensory signaling and niche support, ultimately resulting in the loss of stemness in EpSCs.'>*’

CD4+ Th cells orchestrate the inflammatory milieu of OLP.>® The classic Th1/Th2 paradigm illustrates how distinct
cytokine profiles influence mucosal immunity.*’->' A shift toward Thl dominance in OLP is associated with chronicity

and treatment resistance.”” >* Th1 polarization enhances CD8+ T cell cytotoxic activity primarily via IFN-y and TNF-q,

https: Journal of Inflammation Research 2025:18
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both highly expressed in erosive and ulcerative lesions.'>>>7 IFN-y not only activates CD8+ T cells,** but also directly
modulates keratinocyte behavior by suppressing proliferation and altering EpSCs properties specifically upregulating 31
and a6 integrins, and Nestin, while downregulating E-cadherin thereby weakening epithelial integrity. TNF-a synergis-
tically amplifies cytotoxic signaling, and therapeutic inhibition of TNF-a has shown promise in OLP.>** In contrast, the
Th2 subset produces IL-4, IL-5, and IL-13. Notably, higher IL-4 levels frequently induced by IL-25 are more common in
reticular OLP than in erosive forms, suggesting a role in sustained inflammation and chronicity.>

Beyond the Th1/Th2 paradigm, increasing evidence highlights the Th17 axis as another critical contributor to
epithelial injury in OLP. Th17 cytokines, particularly IL-17, stimulate keratinocytes to secrete chemokines and proin-
flammatory mediators, such as IL-8, TNF-a, and B-defensins, thereby amplifying local inflammation.®®®' IL-23 derived
from keratinocytes may further sustain Th17 responses.’>*%? Elevated IL-17/IL-23 in erosive OLP suggests

43,63

a predominant Th17 role in ulcerative forms, whereas Th2 responses appears more closely associated with the

reticular form of OLP.

Dysregulated Immune Regulation
Under physiological conditions, Treg cells maintain immune tolerance by suppressing excessive Thl and Thl7

responses. In OLP, however, although Treg cells are numerically increased within lesions,®* %

their immunosuppressive
function appears compromised. Defects in TGF-f signaling, which modulates the Th1/Th2 balance by inhibiting IFN-y
and TNF-a, along with reduced production of IL-10 (inhibiting IL-2, IFN-y, IL-4, and IL-5) and IL-35 (which suppresses
Th17 and Thl development), collectively contribute to a failure in immune regulation and promote disease
chronicity.’®7"%° Importantly, Treg cell numbers are generally lower in erosive OLP than in the reticular form,®>

suggesting that both qualitative and quantitative deficiencies in Treg function may correlate with disease severity.

Immune Complexity and Network Effects
In addition to the classical Thl, Th2, Thl7, and Treg subsets, several other T cell populations contribute to OLP
pathogenesis. Th22 cells and their cytokine IL-22 are associated with epithelial hyperplasia in OLP,”"”" while Th9 cells
and IL-9 may exacerbate inflammation by amplifying Th17 responses.’'*’* T follicular helper (Tfh) cells are elevated in
OLP and may contribute to pathogenesis through aberrant B-cell activation.”* Nonconventional v T cells are also
enriched at mucosal sites, where they rapidly produce IFN-y and IL-17 to amplify local inflammation.”*’® Beyond
T cells, ILCs show subset imbalance, increased ILC1s and ILC3s with reduced ILC2s, which may impair tissue repair
and perpetuate inflammation.***> Collectively, these additional lymphocyte subsets extend the complexity of the immune
microenvironment and further compromise epithelial integrity.

In summary, basal EpSCs are central targets of OLP associated inflammation. Liquefactive degeneration reflects both
direct cytotoxic injury and EpSCs impairment, leading to compromised epithelial regeneration. Chronic epithelial
disruption arises from the combined effects of CD8+ cytotoxicity, dysregulated CD4+ helper responses, and defective

immune regulation, ultimately perpetuating barrier breakdown and lesion persistence (Figure 2).

Discoid Lupus Erythematosus

DLE is a chronic autoimmune mucocutaneous disease commonly involves sun exposed maxillofacial skin and oral
mucosa.”’ Oral lesions may accompany cutaneous involvement or present independently. Compared with cutaneous sites,
oral DLE tends to be more severe and persistent, leading to significant symptoms, and has been classified by the WHO as
an OPMD.?*%"® Clinically, oral DLE lesions typically present as central erythema or atrophy with radiating white
keratotic striae and a raised keratotic rim, often accompanied by peripheral hyperkeratosis and telangiectasia, closely
resembling OLP.”® Histopathology shows basal keratinocyte degeneration, epithelial atrophy, BMZ disruption, and
chronic inflammatory infiltrates in the lamina propria, together with lupus-specific immunofluorescence findings such
as granular deposition of immunoglobulins and complement along the BMZ (“lupus band”).””** In some cases,

additional features such as follicular plugging and telangiectasia can be observed.®!
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Figure 2 Epithelial stemness loss and T cell mediated pathology in OLP. In OLP, infiltrating CD8+ CTLs and CD4+ subsets, particularly Thl and Thl7, are markedly
increased, while Treg and Th2 populations are reduced. CTLs mediate basal keratinocyte death via perforin/granzyme release and Fas—FasL interaction, while Th1/Thl7
cytokines (TNF-a, IFN-y, IL-17, IL-22) further impair keratinocyte function. These processes lead to basal apoptosis, liquefactive degeneration, and progressive epithelial
stemness loss, culminating in barrier breakdown and erosive lesions characteristic of OLP.

Keratinocyte Apoptosis and Effector T Cell Attack

Ultraviolet (UV) light is a well-established trigger of lupus flares.* ** Keratinocytes in DLE exhibit heightened UVB
sensitivity, which promotes local inflammation and microvascular changes.®>*¢ UV exposure also upregulates heat shock
proteins, enhancing keratinocyte apoptosis and release of autoantigens.®”**® These apoptotic bodies increase the local
antigenic load, fueling immune complex deposition and T cell activation.’*®' T cells represent the predominant
infiltrating population in DLE lesions.”"*> While some studies identify CD8+ CTLs as the major effector subset,**
others report balanced or increased CD4+ T cell proportions.®'”* These discrepancies suggest heterogeneity in immune
clustering across patients and disease stages. Activated CD8+ T cells contribute to basal keratinocyte apoptosis through
Fas/FasL, perforin/granzyme, and cytokine mediated mechanisms. CD4+ T helper subsets play a central role in
modulating the immune response in DLE.”> A Thl dominant milieu is typically observed in active lesions, characterized
by elevated IL-2 and IFN-y, which reinforce CD8+ T cell cytotoxic activity and promote keratinocyte apoptosis.®5+
As lesions evolve, a shift toward Th2 responses is observed, marked by IL-4, IL-10, IL-13, and TGF-B, which support
B cell activation and plasma cell differentiation.”®***> Among these, IL-10 is of particular interest, which is constitu-

96,97

tively produced by keratinocytes and further upregulated following UV exposure, suggesting a dual role in both

immune regulation and disease chronicity.

Dysregulated Immune Regulation and Chronic Inflammation

Additional T cell subsets contribute to disease heterogeneity. Reports on Th17 cells are inconsistent: some studies

98,99

describe increased infiltration compared with normal tissue, while others show minimal involvement.®*"*> Treg cells

are more consistently reported to be expanded and persistently recruited within DLE lesions. However, despite their

increased numbers, their regulatory function appears inadequate to control Thl driven inflammation,®"** indicating
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a state of functional impairment rather than mere numerical deficiency. The mechanisms underlying chronic T cell
recruitment to lesions and the crosstalk among different subsets that lead to loss of immune tolerance remain important
topics for future research.

In summary, UV-induced keratinocyte apoptosis and autoantigen release initiate a self-perpetuating immune cycle.
Effector T cells, including CD8+ cytotoxic and Th1/Th2 polarized CD4+ helper cells, disrupt basal EpSCs integrity and
adhesion, while defective Treg-mediated regulation allows inflammation to persist. Together, these processes impair
epithelial stemness, promote epithelial atrophy, compromise repair, and contribute to the malignant potential of oral DLE
lesions.

Loss of Keratinocytes Adhesion Leads to Epithelial Structural Damage
Epithelial integrity relies on robust keratinocyte adhesion. Desmosomes, specialized intercellular junctions, provide
strong cell-cell adhesion and act as mechanical “spot welds” between keratinocytes, enabling the epithelium to withstand
physical stress and preserve tissue architecture.'°'*! Desmogleins (Dsgs) are critical for keratinocyte cohesion and also
function as extra desmosomal adhesion receptors in stratified epithelia.'®* The expression patterns of Dsg differ by tissue,
in oral epithelium, Dsg3 predominates across multiple epithelial layers, whereas in skin, both Dsgl and Dsg3 are
expressed, with Dsgl largely confined to the suprabasal compartment.'®®

In addition to cell-cell adhesion, epithelial anchorage to the underlying connective tissue is essential for homeostasis.
This attachment is mediated by hemidesmosomes, which connect intermediate filaments of basal keratinocytes to the
BMZ. Within hemidesmosomes, plaque proteins such as BP230 link to intracellular keratin filaments, while transmem-
brane proteins including BP180 (type XVII collagen) and the a6p4 integrin extend across the plasma membrane to bind
laminins within the lamina lucida. These laminins further interact with type IV collagen and fibronectin in the lamina
densa. The entire structure is ultimately anchored to the subepithelial connective tissue through anchoring fibrils
composed of type VII collagen.'® Thus, epithelial structural integrity depends on both desmosome mediated cell-cell
adhesion and hemidesmosome mediated epithelial stromal adhesion at the BMZ. Disruption of either system can
compromise the barrier function and regenerative capacity of the oral mucosa.

Pemphigus Vulgaris: Impaired Intraepithelial Cohesion

PV is a chronic and potentially life threatening autoimmune blistering disorder that affects the epidermis and oral
mucosa. Oral lesions often precede cutaneous involvement and appear at trauma prone sites such as the buccal mucosa,
tongue, and palate. The blisters rupture easily, leading to painful erosions or chronic ulcerations. Histologically, PV is
characterized by acantholysis, intraepithelial clefting, and discontinuous epithelial layers due to loss of cell-cell

adhesion. 03105

Autoantibody Mediated Loss of Keratinocyte Adhesion

The major pathogenic mechanism in PV involves IgG autoantibodies-most notably against Dsg-3 (and Dsg-1 in some
cases), which disrupt desmosomal cadherins and impair intercellular adhesion. In mucosal dominant PV, anti-Dsg3 IgG is
predominant, mostly of the IgG4 subclass, which does not efficiently fix complement but directly interferes with
desmosomal cohesion. This leads to autoantibody-mediated acantholysis and blistering, largely independent of innate
inflammation.'® Importantly, basal EpSCs loss in PV is generally secondary to mechanical disruption rather than
a primary stemness defect, distinguishing it from interface diseases like OLP and DLE. Barrier breakdown and microbial
exposure can trigger secondary inflammation.

Genetic Susceptibility and T Cell Contributions

Genetic factors, particularly HLA class II alleles (eg, DRS104:02, DQOB105:03), play a crucial role in PV
susceptibility.'*” "% Antigen presenting cells display Dsg peptides via these alleles, activating autoreactive CD4+
T cells, which in turn help B cells produce pathogenic anti-Dsg antibodies. Dendritic cells and autoreactive CD4+
T cells therefore bridge genetic risk and humoral autoimmunity.''® Although PV is antibody mediated, T cells are
indispensable for disease initiation and maintenance. Evidence from patient studies and murine models shows that Dsg3

Journal of Inflammation Research 2025:18 hetps: 14411
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specific CD4+ T cells support autoantibody production and modulate downstream immune pathways. These cells produce
cytokines such as IL-10 and IFN-y; while IL-10 promotes IgG4 class switching and tolerance, it may also indirectly
facilitate autoantibody production, underscoring its dual role.'”® CD8+ T cells are present at lower frequencies in PV
compared with OLP,''! but they can secrete IL-2 and IFN-y when stimulated with Dsg3, contributing to keratinocyte

stress and apoptosis in some contexts.'*’

Effector T Cell Polarization and Regulatory Imbalance

Active PV typically displays a Th2 biased cytokine environment, with reduced Thl signals (IL-2, IFN-y) and elevated Th2
cytokines (IL-4, IL-5, IL-6, IL-10), promoting B cell activation and pathogenic autoantibody production.''> ' Th2 activity
correlates with disease severity, and IL-6 often remains elevated in glucocorticoid-refractory patients.'*®'!"> Rituximab
efficacy partly reflects depletion of autoreactive Th2 helper signals.'®*''® While systemic Thl signals are comparatively
subdued, Dsg3 reactive Thl cells can induce interface dermatitis in mice,''” indicating context dependent tissue damaging
potential. PV also features a Th17/Treg disequilibrium. Increased frequencies of Th17 cells and elevated levels of IL-17 and
IL-21 enhance local inflammation and B cell assistance.'®”''®!"? Conversely, Tregs are consistently reduced in number and

102

exhibit functional impairment,'® including diminished CD28 expression limiting suppressive activity.'**"'?*> Animal studies

show that restoring Treg function suppresses anti-Dsg3 antibody formation and ameliorates disease.'**'** Additional subsets
such as expanded circulating Tth and y& T cells further support IL-21 dependent B cell responses in a subset of patients.'*’

In summary, PV arises from a dysregulated T cell response, featuring a Th2 and Thl7 cytokine response and
compromised Treg function. This immune environment promotes sustained autoantibody production by B cells, leading

to acantholysis and intraepithelial blistering (Figure 3). Genetic susceptibility enables Dsg3 specific CD4+ T cells even in
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Figure 3 Immune dysregulation and epithelial stemness loss in PV. In PV, autoantibodies against Dsgl and Dsg3 disrupt desmosomes, causing acantholysis, intraepithelial
blister formation, and the appearance of Tzanck cells. Th2 associated cytokines (IL-4, IL-10) promote B cell activation and plasma cell differentiation, leading to autoantibody
production, while reduced Treg activity impairs immune tolerance. Thl cytokines (TNF-a, IFN-y) and CD8+ CTLs further drive keratinocyte apoptosis. These processes
converge to impair EpSCs renewal and induce epithelial stemness loss, resulting in erosive epithelial pathology.
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healthy carriers, but clinical disease requires additional breaks in immune regulation. Thus, autoreactive T cells are
necessary but insufficient alone; they act in concert with autoantibodies and impaired immune tolerance to drive
overt PV.

Mucous Membrane Pemphigoid: Subepithelial Loss of Adhesion

MMP is a chronic autoimmune blistering disorder that predominantly affects mucosal surfaces, especially the oral cavity,
where it often presents as desquamative gingivitis or fragile vesicles that rupture into painful erosions.'*® Oral involve-
ment occurs in up to 85% of cases, and gingiva is the most common site.'?” Histologically, MMP is characterized by
subepithelial blister formation, resulting from autoantibodies targeting the BMZ, accompanied by inflammatory infiltrates

in the underlying connective tissue.'"’

Autoantibody Mediated BMZ Disruption
The central pathogenic mechanism of MMP involves IgG and/or IgA autoantibodies against BMZ components, including
BP180, BP230, laminin-332, type VII collagen, and a6p4 integrin.'*® BP180 is the main target antigen in MMP and is

recognized in about 75% of patients,'*’ 107

and is essential for hemidesmosome mediated epithelial stromal cohesion.
Binding of autoantibodies triggers complement activation and deposition along the BMZ, followed by recruitment of
neutrophils, eosinophils, and lymphocytes. The inflammatory response in MMP is believed to involve autoantibodies
(IgG and/or IgA) attacking antigen sites that connect the epithelium to the lamina propria, preventing the linkage of
hemidesmosomes and BMZ. The ensuing inflammation damages hemidesmosomal complexes and anchoring fibrils,
leading to epithelial detachment and subepithelial blistering. Disease severity correlates with autoantibody titers and the

involvement of specific Ig classes, particularly IgG and IgA.

T Cell Contributions and Immune Amplification

Although MMP is primarily antibody mediated, T cells also play a supportive and regulatory role in disease initiation and
progression. Patients with MMP harbor autoreactive CD4+ T cells that recognize BP180 epitopes and secrete IFN-y when
stimulated with the NC16A domain.'*® These autoreactive T cells provide help to B cells for autoantibody production
and likely shape cytokine networks in the local immune microenvironment. Peripheral blood and lesion infiltrates show
both CD4+ and CD8+ T cells, consistent with their contribution to inflammatory amplification at the BMZ. Subsets of Th
cells contribute variably: Thl cytokines (IFN-y, IL-2) sustain inflammation, while Th2 cytokines (IL-4, IL-5) promote
B cell activation and antibody production.'* Evidence for Th17 cells in MMP remains limited, but IL-17 driven
neutrophil recruitment may further compromise epithelial integrity in severe cases. HLA associations (eg,
DQBI1*0301) suggest a genetic predisposition to T cell mediated antigen presentation in MMP, linking adaptive
immunity to disease severity.

In summary, MMP exemplifies a subepithelial adhesion disorder, in contrast to PV and interface diseases like OLP/DLE.
Autoantibodies against BMZ proteins directly mediate epithelial detachment, while autoreactive T cells support B cell
responses and modulate local cytokine networks, sustaining chronic inflammation (Figure 4). The interplay between antibody
mediated adhesion loss and T cell driven immune dysregulation underlies the persistence and severity of oral lesions.

Non-Specific Epithelial Structural Disruption

Oral epithelial homeostasis depends on slow cycling basal keratinocyte EpSCs that proliferate, differentiate, and migrate
upward to replenish supra basal layers. This renewal process ensures barrier continuity, with oral mucosa turnover
spanning 14-24 days.’ Persistent immune infiltration disrupts EpSCs renewal, leading to premature apoptosis or aberrant
differentiation, which manifests as epithelial thinning, barrier fragility, and impaired wound healing.

Recurrent Aphthous Ulcer

RAU is the most common chronic inflammatory disorder of the oral mucosa, affecting up to 25% of certain
populations.'® It is characterized by recurrent, painful, shallow, round or oval ulcers that occur predominantly on non-
keratinized oral mucosa, including the buccal mucosa, ventral tongue, labial mucosa, and soft palate.131 Lesions are
typically covered by a yellowish fibrinopurulent pseudomembrane, surrounded by an erythematous halo, and heal within
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Figure 4 Autoantibody-driven basement membrane disruption and epithelial stemness loss in MMP. In MMP, autoantibodies against BMZ proteins, including BP180, BP230,
064 integrin, laminin-332, and type VIl collagen, disrupt hemidesmosomes and trigger subepithelial blister formation. Th2 and Th17 associated cytokines (IL-4, IL-10, IL-17,
IL-22) and Tfh driven B cell activation promote autoantibody production, while reduced Treg and Thl activity weaken immune regulation. C3 complements activation recruit
neutrophils, and CD8+ CTL further contribute to basal keratinocyte injury. These immune-mediated processes impair EpSCs renewal, leading to epithelial stemness loss and
persistent erosive pathology.

7—-14 days, though recurrence is frequent. Histology shows epithelial ulceration with a subjacent mixed inflammatory

infiltrate dominated by T lymphocytes.'**!3?

Immune Dysregulation and Epithelial Damage

Although RAU etiology involves multiple factors-including genetic predisposition, nutritional deficiencies, microbial
antigens, and local trauma. A central pathogenic feature is dysregulated cell mediated immunity directed against the oral
epithelium. In susceptible individuals, focal infiltration by monocytes and lymphocytes precedes epithelial damage and
delayed wound healing."**'*® An imbalance between effector and regulatory immune mechanisms promotes a pro-
inflammatory mucosal environment, which disrupts epithelial integrity and impairs regeneration.

T Cell Subsets and Cytokine Profiles

Active RAU lesions are enriched with CD8+ CTLs, accompanied by a relative reduction in CD4+ T cells.'*” CD8+ CTLs
contribute directly to keratinocyte apoptosis and ulcer formation. This process is reinforced by a Th1 polarized cytokine
environment, with elevated levels of IFN-y, IL-2, and TNF-a enhancing T cell cytotoxicity and epithelial damage.
Concurrently, levels of Th2-associated cytokines (IL-4, IL-10, TGF-B) are frequently reduced, further compromising
anti-inflammatory regulation.'**'*¥7'%® Emerging evidence also supports a role for Th17/Treg imbalance. Elevated IL-17
levels promote neutrophil infiltration and epithelial activation, perpetuating local inflammation.'**'?> Meanwhile, Treg
cells are often decreased in number or functionally impaired both systemically and within lesions, resulting in inadequate
immune suppression and failure to control effector T cell activity.'*> Collectively, these alterations sustain a pro-
inflammatory state and delay mucosal repair.
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Figure 5 Non-specific epithelium structure destruction and epithelial stemness loss in RAU. The pathogenic process in RAU is dominated by CD8+ CTLs, which induce
basal keratinocyte apoptosis via cytotoxic granules and Fas—FasL signaling. Th1 and Th17 derived cytokines (TNF-a, IFN-y, IL-17, IL-22) further amplify tissue injury, whereas
reduced Treg and Th2 activity weakens immune regulation. Neutrophils and mast cells enhance local inflammation. These combined immune responses impair EpSCs
renewal, resulting in stemness loss, barrier breakdown, and recurrent erosions.

In summary, RAU is a nonspecific ulcerative disorder driven primarily by localized immune dysregulation rather than
defined autoantibody mediated attack. In contrast to disorders such as OLP and DLE (which feature interface inflamma-
tion with basal liquefaction) or PV and MMP (characterized by autoantibody induced loss of epithelial adhesion), RAU is
immune pathologically defined by CD8+ T cell mediated cytotoxicity and exaggerated Th1/Th17 responses against

141

a background of inadequate Treg mediated regulation ™ (Figure 5). It exemplifies immune hyperreactivity that disrupts

oral mucosal tolerance and compromises epithelial barrier function.

Conclusion

The oral mucosa functions as a critical immune and structural barrier, maintained by basal keratinocyte progenitor/stem
cells that drive continuous self-renewal and regeneration. However, its high turnover also makes it vulnerable to immune-
mediated injury. In ulcerative OMDs, persistent T cell activation disrupts epithelial integrity through direct cytotoxicity,
impaired adhesion, and dysregulated cytokine signaling. These mechanisms compromise basal keratinocyte function,
diminish regenerative capacity, and perpetuate barrier failure.

Current therapeutic approaches for ulcerative oral mucosal diseases primarily involve topical or systemic corticoster-
oids, calcineurin inhibitors, and other broad spectrum immunomodulatory agents. Although these treatments provide
symptomatic relief for many patients, their efficacy is often constrained by high relapse rates, adverse effects, and limited
specificity for the underlying pathogenic pathways. Recently, targeted biologic agents, such as cytokine inhibitors and
JAK-STAT signaling blockers, have shown promising results in early clinical studies, demonstrating potential for
improved outcomes in selected patient cohorts (Table 2). A more profound mechanistic understanding of T cell mediated
disruption of epithelial progenitor function remains essential for the development of more precise and effective
therapeutics.

The need for this therapeutic transition is reinforced by mechanistic insights highlighted in this review: chronic T cell
activation, skewed Th1/Th17 responses, insufficient Treg function, and downstream disruption of basal keratinocyte
stemness are central to epithelial barrier failure. These findings provide a strong biological rationale for expanding the
clinical application of targeted therapies that directly modulate T cell epithelial interactions. By integrating mechanistic
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Table 2 Clinical and Therapeutic Implications of Ulcerative Oral Mucosal Diseases

Key Pathological Features Dominant Immune Clinical/Therapeutic Implications
Response
OLP Basal keratinocyte liquefaction; BMZ disruption; | CD8+ CTLs; ThI/ThI7 1; Treg | Ist-line: Corticosteroids (topical/systemic),
interface mucositis CNis.
Refractory: Anti-TNF, JAKi, anti-IL-17/23
(investigational).'42"43
DLE Atrophic/erosive lesions; lupus band deposition; Mixed Th1/Th2; CD8+ CTLs Essential: Photoprotection.
UV sensitivity Therapy: Antimalarials, corticosteroids,
CNls, 144145
PV IgG-mediated acantholysis; anti-Dsg3/Dsgl Th2/Th17 — B-cell help — Ist-line: Rituximab + corticosteroids.
autoantibodies Adjunct: AZA, MME.'#¢-148
MMP | Subepithelial blistering; anti-BMZ autoantibodies Autoantigen-specific CD4+ Similar to PV, Mild: Dapsone.
T-cells (Th1/Th2) Severe: Corticosteroids, rituximab,
immunosuppressants,' !0
RAU Non-specific ulceration; no autoantibodies CD8+ CTLs; ThI/Th17 1; Treg | Symptomatic: Topical corticosteroids,
analgesics.
140,151

Severe: Thalidomide, colchicine.

Notes: 1 indicates increased frequency or expression; | indicates decreased frequency or impaired function; — indicates a causative relationship or leads to.
Abbreviations: AZA, azathioprine; BMZ, basement membrane zone; CNI, calcineurin inhibitor; Dsg, desmoglein; IFN, interferon; IL, interleukin; MMF, mycophenolate
mofetil; JAKi, JAK inhibitor.

understanding with therapeutic innovation, future strategies should aim not only to dampen inflammation but also to
restore epithelial stemness and regenerative capacity. This approach may hold great promise for achieving durable
remission and improving long term outcomes in patients with refractory ulcerative OMDs.
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