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Abstract

Although oral leukoplakia (OL) is recognized as a precancerous lesion, only a proportion of cases
undergo malignant transformation (7,2% to 9.5%). That’s why recently, increasing attention has been
directed toward molecular biomarkers that may better reflect the biological behaviour of OL
Infiltration density of T and B lymphocytes, macrophages, plasma cells were assessed semi-quant
itatively using a 4-point scale adapted from Nankivel study. CD9 antigen was assessed in epithelial
and immune cells by counting them in three 400x fields. CD138 and CD68 biomarkers were assoc
iated with significantly elevated expression across both clinical types of OL where dysplasia was
diagnosed. The increase in infiltration density with CD3 and CD20 labelled lymphocytes was stat
istically reliably confirmed only in non-homogeneous OL with dysplasia. CD9, as a protein reflecti
ng the exosome compartments, revealed the interaction between the epithelium and immune cells. A
moderate, statistically significant positive correlation was found only in leukoplakia with dysp lasia
between CD9+ immune cell levels and the number of epithelial layers expressing this antigen.
Assessment of combinations of CD3, CD9, CD20, CD68, and CD138 biomarker expression, cons
idering clinical type of leukoplakia, particularly non-homogeneous, appears to improve the accuracy
of determining the risk of malignancy in individuals with oral dysplasia.

Keywords: oral leukoplakia; dysplasia; CD9; CD138; CD68; CD3; CD20 proteins

1. Introduction

Oral leukoplakia (OL) is the most prevalent oral potentially malignant disorder (OPMD), with
an estimated global prevalence ranging from 3.41% to 11.74% [1]. Early-stage leuk oplakia is often
asymptomatic and may present with a benign clinical appearance, making differentiation from other
white oral lesions difficult. A detailed meta-analysis conducted by Guan et al. [2], covering the years
2018-2022, shows that the malignant transformation rate of OL ranges from 7,2% to 9.5% [2,3]. Well-
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established risk factors for the develop- ment of OPMDs and oral squamous cell carcinoma (OSCC)
includes smoking, alcohol consumption, smokeless use, chronic inflammatory conditions of the oral
mucosa, and infection with high-risk human papillomavirus, particularly HPV-16 [4,5]. It should be
noted that in society, both in the world and in Latvia, tobacco products, such as e- cigaret- tes,
smokeless tobacco products, snus and nicotine pouches, are becoming increasingly attractive. It has
been found that alternative nicotine products cause changes in the oral mucosa, microbiota and
increase inflammatory biomarkers in saliva [6]. Although OL is recognized as a precursor lesion,
since only a proportion of cases undergo malignant transformation [7,8]. The dysplasia grade of oral
leukoplakia is one of the most important pathohistological parameters in the evaluation of
nonhomogeneous and homogeneous OL and in predicting them course. At present, histopathological
assessment of epithelial dysplasia is considered the gold standard for estimating the risk of malignant
progression, however, its predictive value is limited by interobserver variability and biological hetero
geneity. This progression involves proliferation of squamous epithelium, gradual cytolog ical atypia
[9]. Despite advances in clinical examinations and histopathological diagnos- tics, predicting which
OPMDs will progress to invasive carcinoma remains a major clinical challenge. That’s why in recent
years, increasing attention has been directed toward mo- lecular biomarkers that may better reflect
the biological behavior of oral leukoplakia. Among these, extracellular vesicles (EVs), particularly
exosomes, have emerged as im- portant mediators of intercellular communication and promising
diagnostic tools in on- cology [10,11]. Exosomes are nanoscale vesicles released via the endosomal
pathway and capable of transferring bioactive cargo, including proteins, lipids, messenger RNAs,
and microRNAs, between cells [12,13]. A characteristic feature of exosomes is their enrichment in
tetraspanins, a family of transmembrane proteins commonly used as EV markers [12,13]. CD9 is a
member of this family and has been implicated in several biological processes, including cell
adhesion, migration, membrane fusion, and signal transduction. In cancer biology, CD9 antigen is
generally regarded as a metastasis suppressor, with reduced exp ression reported in various
epithelial malignancies and frequently associated with poor prognosis [14,15]. Experimental studies
suggest that CD9 inhibits tumor cell motility and invasion by promoting stable cell-cell interactions
[16-18]. Despite growing interest in EV-related biomarkers, relatively few studies have evaluated
CD9 expression in oral prec ancerous lesions. Available data suggest that CD9 expression may be
preserved in oral leukoplakia regardless of the degree of epithelial dysplasia [14,19,20], however,
systema tic comparisons between different clinical subtypes of leukoplakia, presence or lack of
dysplasia and invasive OSCC remain limited [14,21]. EVs can be detected in a variety of body fluids,
including saliva, making them particularly attractive for non-invasive diagn ostics in oral medicine
[22,23] but results may be affected by the state of the oral microbio ta, pathology of salivary glands
and biochemical characteristics of saliva itself. In tissues, exosomes themselves can only be demonstrated
by transmission electron microscopy or immunoelectron microscopy, but in the oral mucosa, such
studies predominate on exso mes that are isolated from saliva or oral mucosa by centrifugation, by
special kits of isola tion and size exclusion chromatography rather than studied in the epithelium and
the immune cells of lamina propria themselves [24-28]. Furthermore, the relationship between
epithelial CD9 expression and the local immune microenvironment in leukoplakia and mal ignant
lesions is still poorly understood. From both academic and clinical perspectives, it is important to
study how immune cells interact with tissue regions in OL and oral carcino ma where exosome-rich
compartments are marked by CD9. This plays a role in the early diagnosis of both precancerous
conditions and carcinomas, in predicting their course, and even in treatment with targeted
immunotherapy. The oral mucosa has a rather complex immune system that ensures and maintains
immunological homeostasis. Immune cells, including dendritic cells, mast cells, monocytes,
macrophages, plasma cells, neutrophils, T lymphocytes, and B cells, help the body fight against
infections and other pathologies [29]. The main representatives of human immune system are T cells,
what is represented by helper T cells (CD4+ T cells) providing release of cytokines; cytotoxic T cells
(CD8+ T cells) which kills infected cells or initiates an immune response and regulatory T cells, which
control the immune system and prevent autoimmunity. The important T cells surface markers are
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CD3 molecules, which play a role in the development and function of T cells: CD4 and CDS8 define T
cells into CD4+ helper T cells and CD8+ cytotoxic T cells, which co operate with antigen-presenting
cells (APC) to initiate the activation. Besides that, the surf ace of T cells contains specific antigen
receptors (TCR) which allow them to recognize these specific antigens and thus be able to attack
infected cells directly or by sending signals to the immune system. The cytokines produced by CD4+
helper T cells ensure the activation of macrophages and other immune cells, stimulate B cells to
produce antibodies and regulate inflammatory responses [30]. For the identification of T
lymphocytes, CD3 is generally reco gnized as the main marker, reflecting the immune
microenvironment around the lesion. It is an integral component of the T cell receptor (TCR) complex,
which is a surface marker and plays a role in the transmission of activation signals after antigen
recognition. It prov ides the so-called “first signal” that initiates T cell activation and determines the
specificity of the immune response [31]. The TCR consists of two functional components: the antigen-
binding TCR and the CD3 signalling complex. While TCR recognizes peptide-MHC comp lexes, CD3
is responsible for intracellular signal transduction. Thus, the TCR-CD3 complex regulates T cell
function and participates in the body’s immunological response to prevent immune dysregulation
and inflammatory responses by identifying and binding exogenous antigen [32]. In humans, CD3
antigen is expressed on almost all mature T lymphocytes, including CD4+ helper T cells and CD8+
cytotoxic T cells, making it a reliable pan-T cell marker [33]. The role of T lymphocytes is to fight not
only against intracellular infections, altered self-cells, potential tumor cells but also recognize
intracellular antigens. The second major group of T lymphocytes, that function is the control of virally
infected cells and tumors, are the CD8 T cytotoxic population. This is composed of Tcl and Tc2 sub
populations, with similar cytokine profiles to Th1l and Th2 cells [34]. CD8 binds to class I MHC
molecules and play a critical role in both combating intracellular pathogens that act as antigens and
against dysplastic and malignant cells in cancer [35]. Effector CD8+ T cells, known as CD8+ cytotoxic
lymphocyte, can directly induce target cell death through the interaction between Fas/Fas ligand and
the secretion of the cytolytic mediator perforin, which creates pores in target cells, allowing the
delivery of granular serine proteases (granzymes) [33,36]. The immune microenvironment plays a
direct role in the dysplastic changes of oral keratinocytes at the beginning of the process, showing a
gradual increase in mononuclear cells. This is confirmed by Ohman et al. [2015] in his study that the
presence of CD3-positive T cells in the precancerous condition of the mouth, such as leukoplakia,
indicates the prevention of cancerous transformation [37]. Several studies [38—41] analyse early
changes in the immune microenvironment during oral tumorigenesis and cell -to -cell interactions.
They believe that with the gradual development of dysplastic changes in cells, potentially malignant
cells create an immunosuppressive, hypoxic, acidic and unchanging microenvironment that
promotes carcinogenesis. CD20 is B lymphocyte cell-surface molec ule, a 33-37 kDa non-glycosylated
protein, expressed on all stages of B cell development from pre-B cells in the bone-marrow through
immature, naive, mature and memory cells in lymphoid tissues and blood. The expression is lost on
plasmablasts and plasma cells [42,43]. Most B lymphocytes express CD20 antigen, but a number of T
cells also contain it. CD20+ T cells are mostly CD8+ effector memory T cells with proinflammatory
features [44]. B cells belong also to the antigen-presenting cells (APCs), they secrete cytokines,
provide regulatory molecules and recognize antigen through the B cell receptor complex on their cell
membrane [43,45,46]. Gannot et al., [2002] in their study describe an increase in B lymphocyte
infiltration with the progression of oral epithelium from hyperkeratosis to dysplasia and carcinoma
[46].

CD138, also known as Syndecan-1 (SDC1), is a transmembrane proteoglycan involved in cell
adhesion and extracellular matrix remodelling. It is highly and specifically expressed on the surface
of immature B cells and mature plasma cells and is considered a highly spe cific surface marker for
plasma cell identification [47]. Available research shows that syndecan-1 is expressed in normal oral
mucosa, but altered in pathological states [48]. In tissues undergoing dysplastic changes, CD138
expression was shown to be decreased, which could point out the malignant changes initiated in the
epithelium of the oral tissues [49]. CD68 is a highly glycosylated glycoprotein that is intensively
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expressed in macrophages and other mononuclear phagocytes. It is located mainly in the endosomal
/ lysosomal compartm ent but can rapidly shuttle to the cell surface. Traditionally, CD68 antibody is
used as an immunohistochemical marker for pan-macrophage staining of inflamed tissues, for tumor
tissue analysis, and for other immunohistopathological applications. CD68 has also been shown to
be a good prognostic marker in cancer patients [50]. Previous studies confirm the active role of
macrophages in regulating immunosuppression, oncogenesis, and tumor prog ression in
precancerous lesions (OPMD) and during their progression to oral squamous cell carcinoma [51]. A
progressive increase in the number of CD68+ cells from oral leukoplakia to oral squamous cell
carcinoma was observed, and this correlated with the severity of epit helial dysplasia. Therefore, it is
important to understand whether there is a correlation between the immune cell microenvironment
and the presence of dysplasia in leukoplakia. The aim of the current study is to determine the
molecular interactions between squamous epithelium, lamina propria immune cells, and exosome-
rich compartments in oral leukopl akia before its progression to carcinoma.

2. Results
2.1. Descriptive Characteristics of the Analysed Cases

The study cohort comprised 50 patients diagnosed with oral leukoplakia. The mean age of the
participants were 57.0 years (SD 14.1; range 18-75 years), with a male non-significant predominance
(n =29, 58.0% vs. n =21, 42.0% female, p = 0.322). All oral leukoplakia were solitary, primary and
were located on the buccal mucosa (n =18, 36.0%) and the lateral side of the tongue (n =17, 34.0%),
followed by the floor of the mouth (n =11, 22.0%). Other sides, including the lower lip and alveolar
ridge, accounted for the remaining 8.0% (n =4). Assessing the clinical types of leukoplakia, 18 (36.0%)
homogeneous OL and 32 (64.0%) non - homogeneous ones were clinically diagnosed.
Histopathological evaluation confirmed the presence of epithelial dysplasia in 33 cases (66.0%): 13 of
them were mild, 7-moderate, but 13-severe which according to the new WHO classification [52] were:
13 - of low grade and 20 of high grade. The only type of dysplasia detected in homogeneous
leukoplakia was of low grade in 6 cases (33,3% of homogenous OL). In turn, in non-homogenous OL
dysplasia was in such proportion: low grade-7 and high grade-in 20 cases which are 21,9% and 62,5%
respectively. The prevalence of dysplasia was notably higher in the non-homogeneous OL (26/32,
81.3%) compared to the homogeneous type (7/18, 38.9%).

2.1.1. Impact of Anatomical Localization

To determine whether the anatomic site of the lesion influences the immune microenvironm ent,
we analysed marker expression across the three primary sub-sites of oral leukoplakia: buccal mucosa,
lateral side of the tongue, and floor of the mouth. Kruskal-Wallis tests indic ated no statistically
significant differences in the median expression levels of CD20 (p = 0.240), CD138 (p = 0.154), or CD68
(p =0.115) based on localization alone. Although CD3 expression showed a trend towards variation
(p =0.057), this did not reach the threshold for significance (Table 1).

Table 1. Demographic and clinical characteristics of the study group.

Total Homogeneous Non-homogeneous p-
Characteristic (N=50) (N=18) (N=32) value
Age, years (Mean £ SD)  57.0 (+14.1) 54.8 (+13.7) 58.2 (+14.5) 0.41
Gender, n (%)
Male 29 (58.0%) 9 (50.0%) 20 (62.5%) 0.575
Female 21 (42.0%) 9 (50.0%) 12 (37.5%)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0619.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 March 2026 d0i:10.20944/preprints202603.0619.v1

5 of 30
Localization, n (%)
Buccal mucosa 18 (36.0%) 8 (44.4%) 10 (31.2%) 0.194
Lateral border of tongue 17 (34.0%) 4 (22.2%) 13 (40.6%)
Floor of mouth 11 (22.0%) 3 (16.7%) 8 (25.0%)
Other (Lip, Alveolar
ridge) 4(8.0%)  3(16.7%) 1(3.1%)
Dysplasia status, n (%)
Presence 33 (66.0%) 7 (38.9%) 26 (81.2%) 0.006

2.2. Immunohistochemical Characteristics of Immune Cells in Oral Leukoplakia

In the assessment of oral leukoplakia, we evaluated T and B lymphocytes, plasma cells, and
macrophages using the following markers: CD3, CD20, CD138, CD9, and CD68. In our anal ysed
cases of healthy mucosa B lymphocytes were absent in epithelial layer and very rare found in lamina
propria. Infiltration with B (CD20) lymphocytes was predominant in homog eneous OL at scorel level
(Figure 1). No differences in CD20-positive cell density were det ected when dysplasia was found in
this type of OL. And although in 43% of cases the B lymphocyte infiltration density increased till
score 2 but mathematical processing of the res ults did not show a statistically significant difference
(p=284). In non-homogeneous OL without dysplasia the density of CD20 + cells were of scorel like in
homogenous OL. Imm une response with B lymphocytes were manifested mainly in the form of small
pericapillary infiltrates. In cases of non-homogeneous OL with dysplasia, B lymphocyte infiltration
was variable and reached a score of 4 in 38% of cases (Figure 3). These differences were statistic ally
reliable (p<0.01).
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Figure 1. B lymphocytes in subepithelial area of homogenous oral leukoplakia with low-grade dysplasia.

Immunoperoxidase, anti-CD20, 200 x magnification In control group of healthy mucosae very
few T lymphocytes were proved under basement membrane and in the epithelial layer till
keratinization areas on the surface of OL. In OL CD3 lymphocytes were diagnosed to be more
frequently located just in subepithelial zone and pattern of infiltrate was diffuse. The density of CD3-
labelled lymphocytes in homogen eous oral leukoplakia, both with and without dysplasia, showed
not statistically significant difference (p = 0.894). In contrast, in non-homogeneous OL without
dysplasia dominated T lymphocytes infiltration of score 2 but when dysplasia was diagnosed
infiltration density increased, achieving a score of 4 in 50% of cases (p<0,001) (Figure 2).
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Figure 2. Dense T Ilymphocyte infiltration (score 4) under non-homogeneous oral leukoplakia.
Immunoperoxidase, anti-CD3, 200 x magnification.

In the immune microenvironment of non-homogeneous leukoplakia with dysplasia T and B cell
infiltration densities were synchronous with changes in plasma cell and macrophage responses.

CD138 m— Score 4 Score 3 . Score 2 === Score 1 CD20

CD3

Figure 3. Distribution of semi-quantitative immunohistochemical staining scores. Stacked bars show the relative
proportion of patients exhibiting expression scores from 1 (lowest) to 4 (highest) across the clinical types of OL
with and without dysplasia.

In both normal tissues and oral leukoplakia, CD138 antigen was expressed on plasma cells, the
endothelium of lymphatic capillaries and on the membranes of squamous epit helial cells, except in
regions where keratinization occurs and the epithelium was with keratohyalin granules. In normal
mucosa density of plasma cells in lamina propria were at the lower limit of score 1. In homogenous
leukoplakia the density of CD138+ cells only slightly elevated from score 1 to score 2 when dysplasia
was detected in them. In contrast, in non-homogeneous OL plasma cell response increases rapidly
with the appearance of dysplasia and 81% of patients have infiltration of score 3 and 4 (p<0,001). In
both clinical types of leukoplakia without dysplasia there is lack of the statistical difference in the
dens ity of infiltrate with plasma cells (score 1). In turn, the difference in the density of infiltra te with
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plasma cells between homogeneous and non-homogeneous leukoplakia with dysp lasia was
statistically significant (p<0,001).

The CD138 marker demonstrated that the plasma cell infiltrate was diffuse and often located
beneath the lymphocyte layer rather than directly beneath the basement membrane (Figure 4). In
homogeneous oral leukoplakias, low-grade dysplasia did not affect syndecan-1 expression in
squamous epithelium, as the number of epithelial layers labelled with CD138 antigen did not
decrease. In non-homogeneous leukoplakias, both low-grade and high-grade dysplasia showed
reduced CD138 antigen expression, with 11% of cases testing negative. In non-homogeneous OL, we
often diagnosed async hronous expression of CD138 antigen in epithelial and immune cells. As a
result, syndecan-1 expression decreases in dysplastic epithelium, while the density of labelled plasma
cells rise to levels scored as 3 and 4.

Figure 4. CD138 antigen expression on squamous epithelial cell membranes and score 1 infiltration with plasma
cells under basement membrane of homogeneous oral leukoplakia without dysplasia. Immunoperoxidase, anti-
CD138, 200 x magnification.

Subsequently, we evaluated the quantity, distribution, and infiltration pattern of macr ophages
using the CD68 antigen. Furthermore, employing the CD9 marker enabled us to gather additional
insights into the interactions between mononuclear cells in lamina propria under leukoplakia, both
with and without dysplasia. In healthy mucosa there are few macrophages in one field of vision at
400x under basement membrane. In hom ogenous OL without dysplasia, all cases were characterized
by the density of macrop hages of score 1, but with dysplasia 86% of OL have score 2 (p=0.05). In
contrast, in non-homogeneous OL without dysplasia all cases were with mild macrophage reaction
(score 1), but when dysplasia was diagnosed scores were different: score 2 was in 19%, score 3-31%,
score 4 in 50% of cases (p<001) (Figure 5).
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Figure 5. Dense macrophage CD68 infiltration (score 4) within the deeper zone of lamina propria of non-

homogeneous leukoplakia. Immunoperoxidase, anti-CD68, 400 x magnification.

2.3. General Linear Model and interaction analysis

The GLM constructed for CD138, CD20, CD3, and CD68 demonstrated large effect sizes (partial
1?2 = 0.588-0.794), indicating strong associations between predictors and immune marker expression
(Table 2).

Table 2. General Linear Model results evaluating the effects of dysplasia and clinical type of oral leukoplakia on

immune marker expression, adjusted for age and gender.

Marker Parameters df F p Partial n2
Model 5 33.95 <0.001 0.794
Clinical type 1 10.54 0.002 0.193
Dysplasia 1 72.94 <0.001 0.624
CD138
Clinical type x dysplasia 1 9.96 0.003 0.185
Age 1 0.70 0.407 0.016
Gender 1 0.09 0.768 0.002
Model 5 14.27 <0.001 0.618
Clinical type 1 8.37 0.006 0.160
CD20  |Dysplasia 1 19.00 <0.001 0.302
Clinical type x dysplasia 1 8.87 0.005 0.168
Age 1 0.11 0.747 0.002
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Gender 1 0.06 0.811 0.001
Model 5 12.57 <0.001 0.588
Clinical type 1 14.39 <0.001 0.246
Dysplasia 1 9.14 0.004 0.172
CD3
Clinical type x dysplasia 1 8.95 0.005 0.169
Age 1 0.00 0.974 0.000
Gender 1 0.00 0.966 0.000
Model 5 30.47 <0.001 0.776
Clinical type 1 12.47 <0.001 0.221
Dysplasia 1 57.08 <0.001 0.565
CD68
Clinical type x dysplasia 1 12.93 <0.001 0.227
Age 1 0.00 0.964 0.000
Gender 1 0.16 0.687 0.004

The primary analysis revealed a consistent and statistically significant interaction bet ween
dysplasia presence and clinical types of OL across all four markers (p < 0.05). This suggests that the
immune response involving lymphocytes, plasma cells, and macrophages are linked to the grade of
dysplasia in both types of lesions (homogeneous vs. non-homogeneous). Consequently, simple
effects analyses were conducted to decomp ose these interactions.

2.4.. Characteristics of Dysplasia in the Various Clinical Types of Oral Leukoplakia

Decomposition of the interaction effects revealed that the upregulation of immune markers in
dysplastic tissue are driven primarily, and for some lineages exclusively, by the non-homogeneous
leukoplakia (Table 3).

Table 3. Simple effects analysis decomposing the significant clinical type of oral leukoplakia x dysplasia
interaction for each marker. Note: All General Linear Models used 1000 bootstrap resamples for parameter
estimation. CI = Confidence Interval. Estimate represents the mean difference in expression levels (dysplasia -

no dysplasia) within the specified clinical type of oral leukoplakia.

Oral Leukoplakia: Effect of dysplasia
Marker 95% CI P
clinical types (Estimate)
Homogeneous 0.999 0.800 - 1.182 <0.001
CD138
Non-homogeneous 2.075 1.758 — 2.385 <0.001
Homogeneous 0.419 0.006 — 0.951 0.284
CD20
Non-homogeneous 1.952 1.487 —2.383 <0.001
D3 Homogeneous 0.043 -0.363 - 0.419 0.894
Non-homogeneous 1.312 0.922 - 1.667 <0.001
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Homogeneous 0.885 0.509 -1.178 0.005
Non-homogeneous 2.336 1.953 - 2.656 <0.001

CDe68

Specifically, for CD3 and CD20 markers, a significant increase in expression associated ted with
dysplasia was recorded entirely to the non-homogeneous leukoplakia. In non-hom ogeneous lesions,
dysplasia resulted in a mean increase of 1.31 units for CD3 (95% CI 0.92- 1.67, p < 0.001) and 1.95
units for CD20 (95% CI 1.49-2.38, p < 0.001). Conversely, within homogeneous OL, neither marker
showed a statistically significant deviation from non- dysplastic baseline levels (CD3: Estimate 0.043,
95% CI -0.36-0.42, p = 0.894; CD20: Estimate 0.419, 95% CI 0.006-0.95, p = 0.284). A distinct pattern
emerged for CD138 and CD68 markers, where dysplasia was associated with significantly elevated
expression across both clinical forms of leukoplakia, though the magnitude of the effect was roughly
two-fold higher in non-homogeneous OL. For CD138 protein, the mean difference is attributed to
dysplasia in non-homogeneous lesions was approximately double that observed in the homogeneous
subgroup (Estimate 2.08 [95% CI 1.76-2.39] vs. 1.00 [95% CI 0.80-1.18], respectively; p < 0.001 for
both). Similarly, CD68 exp ression demonstrated a more robust response in the non-homogeneous
leukoplakia (Estim ate 2.34, 95% CI 1.95-2.66, p < 0.001) compared to the moderate increase seen in
homogen eous OL (Estimate 0.89, 95% CI 0.51-1.18, p = 0.005). Adjusting for demographic factors,
neither age nor gender showed a statistically significant main effect on the expression levels of any
of the four markers (p > 0.05 for all forms of leukoplakia), confirming that the obs erved
immunological changes are driven by the morphological characteristics of the OL rather than
demographic confounders

2.5. Distribution of Immunohistochemical Expression Scores in Oral Leukoplakia

Beyond the comparison of mean values, an analysis of the semi-quantitative staining
distribution revealed a fundamental shift in the immune profile dependent on clinic al form of OL
(Figure 3). In the homogeneous leukoplakia, the immune response remained largely subdued, even
in the presence of dysplasia, most cases clustered within the low intensity range (scores 1 and 2), with
high-grade expression (Score 4) being absent. In sharp contrast, the non-homogeneous leukoplakia
demonstrated a distinct polarization associated with dysplasia. While non-dysplastic lesions showed
a mixed distribution, the development of dysplasia in non-homogeneous lesions was characterized
by a strong shift towards higher infiltrate density. Specifically, for CD138 and CD68 antigens (plasma
cells and macrop hages), the dysplastic non-homogeneous cohort exhibited a marked dominance of
score 4, suggesting that this clinical type of leukoplakia represents a distinct, high-grade immune
microenvironment state rather than a mere linear progression of the baseline immunity.

2.6. Immunohistochemical Characteristics of Exosome-Associated Antigen CD9 of epi Thelium and Immune
Cells in Oral Leukoplakia

CD?9 antigen was present in the lower third of the structurally preserved oral mucosa but absent
from the upper third. CD9 was expressed in an average of five epithelial layers, and its localization
was exclusively membranous. Additionally, CD9 protein was was found in the epithelial cells of the
small salivary gland ducts and at macrovesicle concentration sites in the lumens of salivary gland
ducts of oral mucosa [Figure 6].
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Figure 6. CD9 antigen expression in the epithelium of small salivary gland duct of oral mucosa, part of lamina

propria cells and microparticles of saliva. Inmunoperoxidase, anti-CD9, 400 x magnification.

CD9 antigen was absent in the superficial layers of oral leukoplakia and in regions containing
keratohyalin granules. CD9 expression reflected slight membranous thickening and irregularities of
its structure. In leukoplakia without dysplasia 24.8 + 3.1 epithelial layers were labelled, compared to
17.5 £ 5.0 layers in the OL with dysplasia (Figure 7).
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Figure 7. Homogenous oral leukoplakia without dysplasia. Expression of exosomes associated protein CD9 in
the cell membranes of hyperplastic squamous epithelium and on some mononuclear phagocytes (monocytes
and macrophages). Immunoperoxidase, anti-CD9, 400 x magnifications.

In regions showing low-grade dysplasia, exosome-associated marker CD9 contin ues to be
expressed on the epithelial cell membrane. However, in cases of high- grade dysplasia CD9 antigen
was also detected within the cytoplasm (Figure 8).
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Figure 8. Compartments abundant in exosomes are present within the membranes and cytoplasm of dysplastic
squamous epithelium in non-homogenous oral leuko plakia. Imnmunoperoxidase, anti-CD9, 400 x magnification.
Figure adapted from PhD Thesis by M. Dzudzilo, Riga Stradins university, 2024, [83].

Exosome-associated CD9 protein in lamina propria is expressed not only on macr ophages but
also on monocytes, part of B and T lymphocytes, lymphatic endothelial cells and in fibrosis zones of
lamina propria (Figure 9). We assessed the number, localization, and pattern of infiltrate of them by
this tetraspanin. In healthy mucosa there are average 5+1,01 mononuclear cells in one field of vision
at 400x magnification under basal membrane. In oral leukoplakia without dysplasia CD9 labelled
mononuclear cells in subepithelial zone were 24.8 + 3.1 but with with dysplasia 15.8 + 5.4 (p <0.001)
and these were mainly non - homogeneous leukoplakia. In contrast, while the number of CD9 marked
epithelial layers of OL was slightly reduced in cases with dysplastic lesions (17.5 + 5.0 vs. 19.9 + 4.6),
this difference did not reach statistical significance (p = 0.097) (Figure 10).
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Figure 9. Non-homogeneous oral leukoplakia. Synchronous strong expression of CD 9 antigen on epithelium

and in fibrosis zone of lamina propria. Immunoperoxidase, anti-CD9, 200 x magnification.
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Figure 10. Compartment-specific analysis of CD9 antigen expression in dysplastic versus non-dysplastic lesions

of oral leukoplakia.

Evaluation of the co-expression of protein of exosome compartments uncovered a fundam ental
shift in the epithelial and immune microenvironment interaction in lamina propria under OL. In oral
leukoplakia with dysplastic lesions, a moderate but statistically signific ant positive correlation was
observed between the number of CD9 labelled epithelial layers and CD9 positive immune cells (r =
0.43, p = 0.013). Conversely, in oral leukoplakia without dysplasia, no significant correlation was
found between amount of epithelium layers and connective tissue cells of lamina propria which were
labelled with CD9 antigen (r =-0.29, p = 0.258) (Figure 11).
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Figure 11. Scatter plots with linear regression lines and 95% confidence intervals (CI) (shaded areas) show the
relationship between epithelial and lamina propria cells labelled with CD9 antigen as a marker of proteins of

exosome compartments.
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3. Discussion

One of the most common OPMDs diagnosed in the clinic is leukoplakia, which in each specific
situation requires careful clinical and morphological evaluation to prevent progression of malignant
transformation in a timely manner. When evaluating clinical parameters, first regarding anatomical
localization. In our study, leukoplakia was most often found in the buccal mucosa, then on the
ventral/lateral side of the tongue and the floor of the mouth. If we compare, for example, with the
meta-analysis conducted in 2023 [2], then, however, the most affected localizations are the side
surface of the tongue (6.38- fold) and the floor of the mouth (3.75-fold). In another study [53] the
following most freq uent localizations are indicated ventral side of the tongue and floor of mouth,
then lateral side, dorsal part of the tongue, buccal mucosa, lip and gingivae. Pimenta-Barros et al. [54]
who conducted a large meta-analysis covering from 1934 to 2023, publications from Euro pe, Asia,
North America, South America and Oceania, conclude that the likelihood of mal ignant
transformation increases in cases with large, non - homogeneous lesions located on the lateral side of
the tongue, with epithelial dysplasia, and in individuals who smoke [54]. The patients” age ranged
from 18 to 75 years (average 57.0). It is consistent with other data, indicating under 60 years of age
[2]. However, there is a study that testifying that it is most often diagnosed after the fourth decade of
life [55]. Since some of study group patients were young, we also paid attention to possible etiological
factors of OL. We have not inc luded an analysis of patients’ bad habits because the data were
incomplete for all individu als. However, we would like to emphasize that there is a trend that
information about smokeless tobacco use is increasingly appearing in the medical records of younger
pat ients. The trend we observed, is consistent with reports from WHO in recent years. It is well
known from Asian countries, where Areca nut, commonly used with betel leaves in “betel quid” have
been proven to be a risk factor (or cause) for the development of OL [56,57]. However, many authors
emphasize the rapid spread of nicotine patches and elec tronic cigarettes, both in European countries
where they are allowed, and in large regions where sales of smokeless tobaccos are restricted [4].
WHO reports that the European Region has the world’s highest e-cigarette usage, with 4.6% of adults
and 14.3% of 13-15- year-olds using them. But electronic cigarette usage in the USA is also rising
among adults, increasing from 4.5% in 2019 to 6.5% by 2023, with the highest prevalence (15.5%) in
young adults aged 18-25. Oral nicotine pouches (tobacco-free) are seeing a rapid increase in popu
larity, with usage rates among young people increasing from 11% to 14% in last five years. Also, in
countries around Baltic Sea, it is actual and scientists from this region have proven that smokeless
tobacco causes microbiota changes, precancerous lesions of oral mucosa with the increase of
inflammatory biomarkers in saliva [58-60].

Our study also showed a predominance of men diagnosed with leukoplakia compared to
women, which is consistent with data available in the literature [3]. However, it has been found that
oral leukoplakias in females, non-homogeneous clinical type, location on tongue and presence of
epithelial dysplasia more likely undergo malignant transforma tion [2,61]. Although literature data
demonstrate, that, homogeneous leukoplakia is the most common clinical form of OL, often
representing over 80-95% of cases in clinical studi es, reflecting no dysplastic changes [62-65]. In our
study, a non-homogeneous form prev ailed. And although data show that homogeneous leukoplakia
has lower, slower rate of transformation (the overall lifetime of MT rate is 8.6% [3] they are not
completely risk-free, so constant monitoring is necessary. According to Tenore et al., [65] the most
common homogeneous type, was followed by the verrucous and speckled types of non — homogen
ous leukoplakia, which is consistent also with our observations, putting first the speckled subtype or
erythroleukoplakia.

According to Power analysis, it should be noted, although the overall sample size was limited,
the interaction effects between dysplasia and clinical form of OL were characteri zed by large effect
sizes (partial n? = 0.17-0.23). Post-hoc power estimates indicated moderate to high statistical
sensitivity (0.80-0.90), suggesting that the study was sufficiently sensitive to detect interaction effects
of the magnitude observed. The fact that non-homogeneous leukoplakia carries a higher risk of
malignant transformation to invas ive carcinoma due to the increase in the severity of dysplastic
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features has been noted by several authors [9,62,64,66]. The meta-analysis performed by Aguirre-
Urizar et al. [67] demonstrated a 4.06-fold increased risk of malignization for non-homogeneous OL,
but 23.8 -fold increased risk by presence of oral epithelial dysplasia. Although the three-grade system
is the most widely used in the assessment of dysplasia and the determination of the risk of
malignancy, the binary system is also recommended and recognized. Combin ing both systems to
double-grade intermediate lesions might enhance risk assessment [68] and the reproducibility of the
binary system has the potential to be better for prognostic purposes [69]. It is suggested as an
alternative approach for the characterisation and class ification of oral epithelial dysplasias and
evaluated as a promising prognostic model for malignant transformation [53,70].

The anatomical site of oral leukoplakia within the oral cavity did not affect the density scores of
immune cell markers in homogeneous and non-homogeneous OL which may be explained by the
relatively small number of patients in current study. Crucially, the intera ction pattern between
dysplasia and immune upregulation was consistent across all anat omic sites. The presence of
dysplasia was uniformly associated with elevated immune marker scores regardless of whether the
lesion was located on the tongue, buccal mucosa, or floor of the mouth, suggesting that the observed
immune response is driven principally by the dysplastic transformation rather than the local tissue
environment. Regarding the gender of the patients, it did not affect the frequency of dysplasia, as
well as the charact eristics of the immune environment in homogeneous and non- homogeneous OL
(p=0.322). Our study demonstrates highly variable cellular immunity around two clinically distinct
OL. Taken together, the combined evaluation of CD9, CD138, CD20, CD3 and CD68 und erscores the
interplay between epithelial dysregulation and immune microenvironment remodelling in
premalignant oral lesions and may provide insight into mechanisms und erlying malignant
transformation, especially in non - homogeneous leukoplakia. We would like to emphasize that our
study is based on immunohistochemical demonstration of exosome concentration sites by CD9
protein expression in oral mucosal tissues. It was performed on serial histological sections, counting
both the number of epithelial layers and stromal cells in one field of view at 400x magnification in
three areas of OL. In turn, recent studies on oral mucosal exosomes have been based on their isolation
from saliva [71], serum [23,27] and mucosal tissues mainly by centrifugation [25]. Exosome accumul
ation sites in such cells as epithelium, endothelium [72], macrophages [73], lymphocytes [74] or
fibroblasts [28], are marked by a single CD 9 antibody. They transport nanoparticles of different
proteins, tetraspanins, receptors, adhesion molecules, nucleic acids (some RNA forms, occasionally
participles of DNA), lipids and enzymes which carry variable informa tion between epithelial-
mesenchymal structures. Due to their location and content, exoso- mes should be evaluated using a
uniform method, which has not been observed in many literature reviews. The shape, size and
localization of exosomes are most accurately chara cterized by transmission electron microscopy [26],
immunohistochemical electronmicros copy [75]. Research over the past decade has shown a growing
interest in extracellular ves icles including exosomes in the context of oral leukoplakia and its
transformation into canc er. However, limited work has specifically examined CD9 antigen
expression in the tissue of oral precancerous lesions and epithelial dysplasia by
immunohistochemical method [14,18,19,72]. Most scientists have focused on studying the role of
exosomes in the epithel ium [10,14,20] but only a few groups of authors have evaluated their presence
and signific ance in the lamina propria of oral mucosa under OL [73,76,77]. Under a light microscope,
CD9 antigen expression appears as irregular, thickened lines on the membrane, which may indicate
the presence of exosomes or microvesicles [16,17,78]. But rather than exosomes themselves, this
proves the presence of proteins that indicate their accumulation in the cell membrane, cytoplasm,
and intercellular substance. CD9-positive areas of the oral epithel ium likely function as transport or
channel proteins, providing insight into mechanisms of fluid movement in healthy tissue and OL
[79]. In addition, CD9 has been recognized as a mediator of intercellular communication [80,81],
which we propose also occurs among mal ignant cells—except in cases which show complete CD9
loss in carcinomas [19,82]. CD9 antigen was strongly expressed in epithelial membrane of OL without
dysplasia but its translocation into cytoplasm of dysplastic epithelium points to the involvement of
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orga nelles in this process [82]. Previous reports have suggested that reduced CD9 levels in squa
mous epithelium are linked to leukoplakia progressing toward malignancy [14], whereas a study by
Wang [78] indicated that CD9 might suppress malignant development. Statistical processing of our
results proves a tendency that in homogeneous OL CD9-positive epithel ial layers were more than
non-homogeneous leukoplakia with dysplastic lesions, but this difference did not reach statistical
significance. That is because the epithelial layer in hom ogeneous OL is relatively intact, dominated
hyperplasia and hyperkeratosis but in low- grade dysplasia as usually only one third of epithelial
thickness is with architectural changes and immature cells. It was diagnosed in only 33,3% of cases.
Since the frequency of high-grade dysplasia increases significantly in non-homogeneous OL (62,5%
of cases), a decrease in CD9 protein expression to average 17 layers was demonstrated but it was not
statistically significant (p=0,097). But parallel to this, the frequency and area of intracellular
compartments of exosome protein CD9 increases.

In this study, the overall increased exome-expressing protein in non-homogeneous OLs with
high-grade dysplasia indicates the process of OL transformation into carcinoma. It correlates with
Baghban et al. [80] study who proposed that exosomes may promote tumor growth, as cancer cells
can secrete vesicles carrying molecular cargo that modifies the tumor microenvironment to support
metastasis. Study group of Buim et al. [83] in carcinoma cases proved that disease-free survival and
the 5-year overall survival of pat ients with downregulated or negative CD9 expression were
significantly lower than in pat ients with positive CD9 protein expression. Other scientists have also
mentioned the disa ppearance of the CD9 protein in malignant keratinocytes of the oral mucosa and
linked it to tumor dedifferentiation and its metastatic process [19]. The loss of CD9 protein as marker
of exosome compartments does not mean that communication between dysplastic and mal ignant
cells disappears in these areas. Previous studies show that CD44 protein marks large extracellular
vesicles in the epithelium and plays a role in this interaction [84]. The interact ion between
keratinocytes and lamina propria immune cells via exosomes expressing protein CD?9 is also important
in precancers like non-homogenous OL. Comparison of serial histol ogical specimens from our study
with the investigated markers demonstrated that the exo some-expressing protein CD9 was found
on B lymphocytes, macrophages, plasma cells and rarer on part of T lymphocytes subsets and
fibroblasts. The number of CD9+ cells in one field of vision (400x) in subepithelial zone of
homogenous leukoplakia is almost five time larger than in healthy mucosa. The latter is characterized
by an intense immune-competent cell response to epithelial hyperplasia and mild reversible
dysplasia.

Exosome-rich compartments decrease in number as dysplasia severity increases in non-
homogeneous OL. But by analysing each marker (CD3, CD20, CD68, CD138) separately, we
demonstrate that the density of immune cells increases statistically significantly in non-
homogeneous OL. This can be explained by the fact that CD9 does not label other immune cells that
do not contain the protein characterizing the site of exosome concentration. Conversely, study group
of Shetty et al. [48] in her detailed review about head and neck squamous cell carcinomas, concludes
that CD9 antigen can be both a tumor suppress or (when lost on epithelial cells) and a tumor promoter
(when present on stroma cells) as these proteins form multimeric complexes with each other and
other cell surface proteins, including integrins, leukocyte antigens and signalling molecules, at
specialized tetraspanin -enriched microdomains. Authors found that CD9 as marker of exosome
proteins in tumour inhibition or tumour progression depends on the molecule that interacts with this
antigen. Infiltration of the subepithelial zone with mononuclear CD9-labeled cells was int ense in
homogeneous OL leukoplakia and we explain it with a rich immune cell response to hyperplasia,
keratinization, and mild dysplasia processes in them. The rich immune res ponse possibly slows
down the progression of mild dysplasia to a more severe form or even ensures its regression.
According to literature data even moderate dysplasia in oral leuk oplakia may regress in 85-97% of
cases [85]. In both clinical types of OL exosome-associated CD9 protein was also expressed in the
endothelium of lymphatic vessels. It proves that they pick up proteins, metabolites of interstitial
substance and immune cells from lamina propria and suggests their cargo function of exosomes in
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communicating with the microcirc ulatory network of the subepithelial zone of oral mucosa.
Exosomes may deliver enzymes capable of degrading the extracellular matrix around the primary
tumor, thereby enabling invasion and later dissemination of cancer cells [80,86]. Our view is that only
when the exosome membrane ruptures can metabolic enzymes and proteases cause destruction of
the basal membrane beneath OL with severe dysplasia and thus promote the transition of high-grade
dysplasia and cancer in situ to invasive squamous cell carcinoma. CD9+ exos ome-rich compartments
were found in fibroblasts of lamina propria in 17% of non-homogen eous OL cases with high-grade
dysplasia. It shows that they also participate in interaction between intercellular substance and
microcirculation net and epithelial layer [28]. Most cases were identified when the density of immune
cells dropped from score 4 to score 2, resulting in fibrosis of the lamina propria. That intensifies tissue
hypoxia, worsens trop hism in connective tissue under epithelium, and thus promotes epithelial cell
dedifferentia tion in leukoplakia with high-grade dysplasia. In intact oral mucosa macrophages are
ess ential for innate immunity but with the development of leukoplakia, adaptive local imm unity
processes start. This study demonstrated the dynamics of macrophage infiltration density and
location from healthy mucosa to various clinical types of leukoplakia with and without dysplasia.
Transmembrane glycoprotein CD68 acts as a marker for all types of macrophages but there are
studies showing that this antigen is more frequently expressed on M1 macrophages [87], while CD163
and CD206 antibodies mark M2 macrophages [88]. In oral mucosa are proved M1 macrophages what
display pro-inflammatory properties, and they have an antitumor role. On the contrary M2
macrophages demonstrate anti-inf lammatory features and they have a pro-tumor profile [51]. In
recent years, in vitro studies have shown that M2 cells can be further divided into M2a, M2b, M2c,
and M2d subtypes [89]. As antigen-presenting cells, they mediate immune responses to oral
microbiota, food, and other antigens, but can function within microenvironments of any pathological
lesion of oral mucosa, too. In oral pathology important are the findings of Wang et al. [87] that M1
macrophages can polarize into the M2 variant. In healthy mucosa of control group there were few
CD68 positive cells under basement membrane. The density of macrophage infilt ration under
homogeneous OL changes from score 1 to score 2, diagnosing low-grade dysp lasia, and this
difference was statistically significant (p=0.005) and the effect of dysplasia was 0.885. The battle for
influence between epithelial and immune cells will continue if the leukoplakia is not removed in time.
It is possible that infiltration by macrophages may slow or prolong the progression of low-grade
dysplasia to high-grade in homogenous OL. This indicates a balanced macrophage activity in the
homogeneous OL. Not every homogeneous OL turns into a non-homogeneous one and later to
carcinoma, therefore, the positive activi ty of macrophages in epithelial maturation and migration
should be emphasized. The diff erences in OL macrophage infiltration densities were more
pronounced in non-homogeneo us OL. Accordingly, OL with and without dysplasia CD68 labelled
cells ranged from score 1 to score 4. This points to a heterogeneous picture of immune responses in
non-homogen eous OL and clinical course may be variable. Therefore, we agree that the highest
macrop hage infiltration rates (score 3 and 4) are the most prognostically important as a large densi
ty of macrophages may influence the progression of high-grade dysplasia to malignancy as proved
also by groups of Chistiakov et al. [50] and Sutera et al. [51]. Many authors sug gest that macrophages,
especially M2 type, stimulate the transformation of high-grade dysplasia into cancer in situ and later
to carcinoma as Hanania et al. [90] has proved that activated CD163+ macrophages may secrete
matrix metalloproteinases-9 that degrade the basement membrane and it is basic for invasive tumor.
In studies by Weber et al. [76] and Feltraco et al. [91] groups, was showed a significant rise in M2
macrophages in OL with malignant transformation within five years compared to those without. But
research of Sutera et al. [51] proved that in OL with severe dysplasia macrophages begin to produce
cytokines that promote epithelial instability [51]. The antigen expression on macrophages is a highly
regulated process, as shown by the Shigeoka et al. [88] study in which M2 macr ophages are labelled
with CD163 and CD206 antigens, but only the CD163 protein shows a correlation between clinic-
morphological data and the grade of dysplasia in leukoplakia. Comparing the molecular weights of
M1 and M2 macrophages, we see that it differs slightly, accordingly CD68 is 110 kDa, CD163 is 125
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kDa but CD 206 is 158-166 kDa. Bioc hemists have proven that in both epithelium and
immune/inflammatory cells, the bonds between amino acids are functionally labile. Both cytoskeletal
and cell junction proteins change under the influence of oxidative stress, inflammation and tumors
[92]. Therefore, the demonstration of M1/M2 macrophages in tissues is a very sensitive process and
we understand that this is due to a slight rearrangement of amino acids. This can be caused by any
disturbance in the immune microenvironment, such as when the proportion of lamina propria cell
(lymphocyte/plasma cells/ mast cells/macrophages) infiltrate changes in the oral cavity due to various
factors. It should be emphasized also that protein turnover in immune cells is faster than in epithelial
cells. By analogy, in oral squamous cell carcino mas, strong macrophage infiltration has been shown
to correlate with advanced malign ancy, lower its differentiation grade and metastasis. Data from
literature shows that OSCC samples showed the highest macrophage infiltration and strongest M2
polarization [93]. Tumor associated macrophages act in a tumor-promoting manner through
immunosupp ression, angiogenesis, and the promotion of cancer cell invasion [40].

Another antigen whose expression we analysed in OL epithelium and plasma cells was CD138.
CD138 (syndecan-1) is heparan sulphate proteoglycan with three domains: extrac ellular,
transmembrane and cytoplasmatic. It is important that biochemists have proven that molecular
weight of syndecan-1 varies significantly due to its glycosylation from 30- 80 kDa up to 200 kDa
whether it’s the core protein or full proteoglycan. We consider that it may affect the intensity of
antigen expression. Different biochemical forms of CD138 are crucial for squamous epithelium
development, adhesion, and migration in benign and malignant processes. The structure allows
syndecan-1 to act as a receptor, binding to vario us growth factors, extracellular matrix components,
and cytokines via its heparan sulpha te chains. For oral leukoplakia epithelium most scientists agree
that CD138 antigen expression decreases. Thus, Soukka et al., [94], Lakkam et al. [95], Tegginamani
et al.[96], Akkaloori et al. [49] showed that CD138 is gradually lost as the severity of dysplasia prog
resses. The findings of our study are fully consistent with the data of the author’s mention ed above
and we agree that the loss of syndecan-1 in epithelium is associated with the breakdown of cell-cell
adhesion in progressive dysplasia.

In oral squamous cell carcinoma, an analogous trend is observed as syndecan-1 expression levels
correlate with the differentiation grade of cancer. Basharat et al. [97] study has proved that loss of
CD-138 expression in oral squamous cell carcinoma is associated also with tumor aggressiveness and
poor prognosis. But study of Kind et al. [98] of different neoplasia showed that CD138
immunostaining was highest in squamous cell carcinomas, slowly decreased in adenocarcinomas
and is absent in germ cell tumors, sarcomas and endocrine tumors. Shetty and collaborators [48] in a
modern study of syndecan-1 demonstrated a statistically significant difference between carcinomas
of three grades with “TissueQuant”. This device works on the principle of scoring pixels of an ima
ge based on a reference color representing a specific biological component but does not analyse
plasma cells and squamous cell structures separately, as morphologists do. The most frequent
analysis of CD138+ plasma cells by researchers has been done in oral inflammatory processes [99]
and such malignancies as multiple myeloma [100] and OSCC. Méthé et al. [101] research group has
concluded that conversely, stromal CD138 expression proved to be a significant risk factor of
recurrence and tumor-specific death within a 24-month period after surgery. But conclusions of
Mukunyadzi et al. [102] about connective tissue cells were that the increased syndecan-1 expression
in lamina propria may contribute to tumor cell invasion and the development of metastases in head
and neck carcinomas. For an accurate prediction of the clinical course of OL, the detection of CD138
antigen in the epithelium must be accompanied by an analysis of its expression in plasma cells but
there are very few such reports. As far back as 1979, Loning and Burkhardt [103] by
immunoenzymatic method reported that the incidence of immunoglobulin (IgA and IgG) labelled
plasma cells were twice as high in those cases of leukoplakia in which dys plasia was present. In the
oral mucosa, these molecular reactions play an important role both in squamous epithelium and in
the subepithelial zone, by interacting with other im mune competent cells. In our analysed group of
cases, CD138 (syndecan-1) under base- ment membrane was expressed on plasma cells and
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endothelium of lymphatic vessels in healthy oral mucosa and of both clinical subtypes of OL with
and without dysplasia. While no dysplasia was detected in either clinical type of leukoplakia, the
infiltration den sity with plasma cells did not differ and was at score level 1. We evaluate the density
of plasma cells of this intensity in OL as a reaction to the processes of epithelial proliferation and
hyperkeratosis in them by producing Ig A, IgG and IgM that play important role in immune
environment of subepithelial zone. If we analyse the homogeneous OL cases separately, we see that
the dysplastic process affects the infiltrate density in a very stereo typical way. It changes in most of
patients from score 1 to score 2, respectively when low-grade dysplasia was diagnosed. The fact that
also non-homogeneous OL without dysplasia has only a mild infiltration with plasma cells (score 1)
is clinically important. In nonhomogeneous leukoplakia with dysplasia density of plasma cells in
subepithelial zone was variable whereas intensive infiltration prevailed: in 81% of cases was score 3
and 4, but also the grade of dysplasia in this type of OL varied from low grade in 21,9% till high
grade- 62,5%. Simple effects analysis of dysplasia on immune marker expression stratified by clinical
form, showed that infiltration by plasma cells correlate with dysplasia grade specifically within the
non-homogeneous subgroup as estimated effect of dysplasia was 2,075 opposites in homogeneous-
0.999. The expression of CD138 in oral mucosa should be assessed in a complex manner, both in
epithelium and plasma cells together. Thus, we conclude that the loss of CD138 antigen expression
in OL epithelium with high- density infiltration of plasma cells in lamina propria indicates about
increased risk of deve loping malignancy. Since the plasma cells are the most important producers of
such anti bodies as immunoglobulins, it would be valuable to evaluate IgA and IgG in oral leuko
plakia. Immunoglobulins can be detected directly in the oral mucosa through various methods, such
as immunohistochemistry, enzyme-linked immunosorbent assay (ELISA), and immunofluorescence.
In recent years, modern studies of the oral mucosa have been carried out on its immunoglobulins A,
G and M in saliva and gingival crevicular fluid [104,105], which undoubtedly reflect the functional
activity of plasma cells not only in the small mucosal lesion of a few square centimetres like oral
leukoplakia, but also in the ent ire 200 sq. cm oral mucosa and in the salivary glands. Increased levels
of salivary immuno globulins are often observed in oral potentially malignant disorders (OPMD) and
oral squamous cell carcinoma (OSCC), indicating a local immune response to epithelial changes.

Next important participants of immune processes of oral mucosa are T and B lymphoc ytes. It is
well known that B lymphocytes are not found in healthy mucosa. Data on CD20- expressing
lymphocytes in OL are rather contradictory. Our study showed that in hom ogenous and non-
homogeneous OL without dysplasia density of infiltrate with B lymp hocytes did not differ, but it
was present at score 1 and there was the immune cells react ion to long term hyperplasia and
keratinization processes in them. However, with the onset of dysplasia, the intensity of their
infiltration increases which correlates with the results of Gannot et al. [46] who found that B
lymphocytes increase most rapidly in tongue pathology as oral epithelium progresses from
hyperkeratosis to dysplasia. Scient ists noted that the B cell reaction in both clinical types of oral
leukoplakia without dyspla sia did not differ but CD20 labelled cells were more inert than the T
lymphocyte. In cases of low-grade dysplasia, immature epithelium occupies one-third of the
thickness of the layer, and B and T lymphocytes do not respond to this slightly altered number of
epithelial cells. With the development of high-grade dysplasia in non-homogeneous OL, B
lymphocyte infiltration becomes variable. The density of infiltration ranged from score 1 to score 4,
but 65% of cases had a score of 3 or 4. This may indicate the different clinical courses of non-
homogeneous OL: dysplasia may progress till cancer in situ or remain at the previous level. We justify
our approach by the dual nature of B lymphocytes, which has been discussed in extensive scientific
reviews. A comparative analysis of a large set of publications allows the authors to conclude that B
lymphocytes may either suppress or promote tumor growth [46,106,107].

Debates over their anti-tumor and pro-tumor effects also continue in studies on oral canc er [108-
110]. Extensive research is needed to clarify how CD20 cell subtypes influence the transformation of
oral leukoplakia into carcinoma. The expression of pan-T lymphocyte antigen CD3 in OL was more
pronounced than the B cell response. Under homogeneous leukoplakia in lamina propria, T
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lymphocyte density corresponded to a score of 2 and was not statistically significantly affected by the
presence of mild dysplasia, like the re action of CD20-labeled cells. In contrast, in non-homogeneous
leukoplakia, T lymphocyte density increased significantly in 81% of patients and it was a statistically
reliable differen ce (p<0,001). Both original research and literature reviews about oral leukoplakia and
SCC have demonstrated variable functions for different subtypes of T lymphocytes. Sci- entific group
of Ohman et al. [111] with confocal laser scaning microscopy revealed co- localization of LCs and T
cells in OL with dysplasia and in OSCC. It was concluded that it reflects an ongoing immune response
against cells with dysplasia and malignant trans formation in oral leukoplakia. But in oral cancer
research Hladikova with coworkers [112] revealed that CD8+ T cells and B lymphocyte interactions
can predict patients with good prognosis. Studies of Pellicioli et al. [113] analysing CD8 lymphocytes
has proved that their number decreased in oral potentially malignant disorders in comparison with
carci- noma but there is no statistical correlation with clinical data. But Pretscher et al. [114] pointed
out that CD8+ T-cells and CD20+B-cells in metastatic lymphnodes are associated with favourable
outcome in patients with oro-pharyngeal carcinoma. In contrast, other authors using computer
programs did not demonstrate a correlation between immune cell infiltration density and clinical
stage or prognosis of OS carcinoma [115,116]. As in non-homogeneous OL we mostly found a wide
band of T and B lymphocytes under base ment membrane, followed by a zone of plasma cells, we
believe that abundant immuno- globulin synthesis may slow down the progression of OL to
carcinoma. Dynamic changes in the immune microenvironment of leukoplakia can only be accurately
demonstrated by repeated biopsy examinations, which are not always possible. It should be
highlighted that in non-homogeneous leukoplakia infiltration with B and T cell infiltration increases
alongside plasma cells and CD68 macrophages, indicating a coordinated immune micro environment
response under this type of leukoplakia. To a certain extent, the density of infiltration is also
influenced by the duration of leukoplakia, which patients note in their medical history, and the
condition of the microbiota in the mouth.

4. Materials and Methods
4.1. Study Group

All included patients of the study gave their informed consent for inclusion. The study was
conducted in accordance with the Declaration of Helsinki and the Decision No 3 / 18.08.2016 of the
Ethics Committee of Riga Strading University. Each phase of the study was conducted in accordance
with ethical principles. The study included 50 patients with homogenous and nonhomogeneous oral
leukoplakia who were consulted and treated at the RSU Institute of Stomatology, Oral Medicine Cent
re. Radical surgical excision in the borders of healthy tissues was performed in the Oral and Maxillo
-facial Surgery Centre of P. Strading’ Clinical University Hospital (PSKUS). Comparative group
consisted of 20 patients with benign formations: their intact distal and proximal mucosal regions were
used as whole mucosa samples if they were visually una Itered. The presence of healthy mucosa was
confirmed by microscopic evaluation.
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4.2. Microscopic and Immunohistochemical Examination

The tissue samples obtained during clinical examination were fixed in neutral buffered 10%
formalin solution. The samples were processed in a Sakura Tissue-Tek VIP 5 TM vacuum tissue
infiltration processor and embedded in paraplast (Diapath, Bergamo, Italy). Samples from the
obtained paraffin blocks were cut into 4 micron-thick sections. The mi cro specimens were stained
with haematoxylin and eosin and then assessed under a light microscope by two independent
morphologists. The clinical type (homogeneous/non- homogenous), degree of dysplasia and amount,
location and pattern of lamina propria cells infiltrate under leukoplakia were evaluated.

To evaluate homogeneous leukoplakia, the following clinical parameters were considered:
unifor mly white, well-demarcated, flat, and thin appearance (some may be thick); smooth, wrinkled,
or fissured (corrugated) surface texture; may show shallow cracks, asymptomatic [117].

There were n =18 samples corresponding to this category of leukoplakia (leukoplakia simplex). To
evaluate clinically non-homogeneous leukoplakia, we considered the followi ng parameters:
appearance of non-uniform white or mixed red-and-white patches; irregu lar surface; granular,
nodular or verrucous texture; irregular or indistinct border [66]. There were n = 32 samples
corresponding to this category (erythroleukoplakia n = 17; verruc ous n= 11; nodular n= 4). Since the
individual subtypes of non-homogeneous leukoplakia were in small numbers, we used only the total
number of non-homogeneous leukoplakia in our study.

We evaluated the morphological samples of oral leukoplakia identifying tissues without signs
of dysplasia and with signs of dysplasia. To determine the grade of dysplasia [mild, moderate, severe)
the currently known classical architectural and cytological changes, as well as the new ones
recommended according to WHO [ 2024], were considered. However, to assess more precisely the
expression of immune cell beneath the dysplastic tissue, we used the binary system [118], dividing
the dysplastic leukoplakia into low-grade (mild/moderate) and high-grade (severe/CIS [52]. Presence
or lack of small salivary glands in the tissue samples were checked.

Immunohistochemical visualization of the antigens of interest was performed on the same
formalin-fixed, paraffin-embedded oral leukoplakia and healthy tissues. We evaluated the infiltration
of immune cell expressing CD3, CD20, CD68, CD138 antigens at 4 scores of labelled cells using a
semiquantitative method adapted from the study of Nankivel [14]. The cell count was expressed as a
percentage in three fields of view at 400x magnification: score 1 (< 5%), score 2 (5-10%), score 3 (11-
15%) and score 4 (16-20%), and the mean arithm etic was calculated. To more accurately evaluate
CD9 as a protein that characterizes exos ome compartments, we determined its expression in three
fields of view at 400x magnific ation both in epithelium and immune cells of lamina propria.

Immunohistochemical Examination

Antigen expression in immunohistochemistry was assessed using a standard polymerba- sed
visualization system, specifically the EnVision method from Dako Denmark/ Agilent. For
immunohistochemistry slides were incubated with 3% Hz Oz for 10 minutes to block endogenous
peroxidase and protein activity. The micro-wave-based antigen retrieval was done in a freshly
prepared 0,01mol/l sodium citrate buffer (pH=6.0) solution at 750W for 3 cycles, for 10 minutes each.
Specimens were stained using the primary antibodies of CD3, CD9 CD20, CD68 and CD138 (Table
4). All positive controls stained correctly during the procedure. Slides were counterstained with
Mayer’s haematoxylin, dehydrated in alcohol, cleared in xylene and cover slipped.
Photomicrographs were taken with Kappa image-based software using an Axiolab microscope
(Zeiss, Oberkochen, Germany).
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Table 4. Antibody clones, manufacturers and dilutions.
Antibody Clone Manufacturer Dilution

CD3 F7.2.38 DAKO Ready-to-use
CD20 L26 DAKO Ready-to-use
CD138 M15 DAKO Ready-to-use
CD68 KP1 DAKO Ready-to-use

CD9 No.4H7B9 Proteintech 1:1000

4.3. Statistical Data Analysis

Descriptive statistics were calculated to summarize the demographic and clinical chara cteristics
of the study cohort. Continuous variables were expressed as mean + standard deviation (SD), while
categorical variables were presented as absolute frequencies and percentages. Differences in baseline
characteristics (age, gender, localization, and grade of dysplasia) between clinical types
(homogeneous vs. non-homogeneous) were assessed usi ng independent samples T test for
continuous data and Pearson’s Chi-square test for cate gorical data.

General Linear Model (GLM) coupled with non-parametric bootstrapping was conducted to
ensure robust inference. This approach avoids the strict normality assumptions req uired by classical
parametric tests and provides more reliable confidence intervals for smaller datasets. Although the
outcome is ordinal, scores were treated as approximately continuous, a common approach for semi-
quantitative immunohistochemical scales. For each marker (CD3, CD20, CD138, and CD68), a
separate GLM was constructed. The model specification included fixed factors — dysplasia status (Yes
vs. no) and clinical form (homogeneous vs. non-homogeneous); interaction term — dysplasia x clinical
type of OL Bootstrap resampling (1000 iterations) was used to derive confidence intervals for parame
ter estimates. Model goodness-of-fit was assessed using overall model significance and effect size
estimates (partial n?). Upon detection of significant interaction effects, a simple effects analysis was
conducted. This involved decomposing the interaction to evaluate the effect of dysplasia specifically
within the homogeneous and non-homogeneous oral leuk oplakia separately. The influence of
anatomical localization (buccal mucosa, lateral border of tongue, floor of mouth) on marker
expression was assessed using the Kruskal-Wallis H test. Differences in the mean count of CD9+
stromal cells and the number of CD9+ epithel ial layers between dysplastic and non-dysplastic tissues
were assessed using the indep endent samples T-test. Equality of variances was verified using
Levene’s test; in cases where the assumption of homogeneity of variances was violated, Welch’'s t-
test was app lied. Furhermore, the linear relationship between epithelial and stromal CD9 expression
within each diagnostic group was quantified using Pearson’s correlation to determine whether the
coordinated regulation of this marker is altered during dysplastic transform ation. To validate the
reliability of the findings, a post-hoc power analysis was performed based on the observed effect sizes
derived from the GLM results. The statistical data analysis was conducted with Jamovi (v.2.7). The
results were considered statistically sign ificant when p- value < 0.05.

5. Conclusions

A recent morphological study that included thorough statistical analysis of the
microenvironment in oral leukoplakia found that CD138 and CD68 markers had notably higher
expression in both clinical types of OL when dysplasia was present. The statistic ally significant
increase of B and T lymphocyte infiltration density was confirmed only in non-homogeneous OL with
dysplasia. A combination of CD3, CD9, CD20, CD68, CD138 biomarkers with clinical types of OL
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appeared to improve the accuracy of determining the risk of malignancy in individuals with oral
dysplasia. CD9, as a protein reflecting exos ome compartments, showed fundamental changes in the
epithelial and immune environm ent of the lamina propria beneath leukoplakia when assessed for
total expression. A mode rate, statistically significant positive correlation was found only in OL with
dysplasia bet ween CD9+ immune cell levels and the number of epithelial layers expressing this
antigen. This study demonstrates that in the future, information about the CD9 protein —an indic ator
of exosome locations within cells—may be valuable not only for diagnostic purposes as well as for
treatment. By blocking or stimulating exosome activity according to individ ual clinical cases, new
therapeutic approaches could be developed. Insights into immune disturbances of non-homogenous
OL with dysplasia, considered true precancer, may sugg est new immunotherapy approaches for oral
carcinoma too.
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