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Abstract
Background: Oral Lichen Planus is a potential malignant disorder and shares clinical and histopathological fea-
tures with other similar lesions. ALDH1 is a specific biomarker for stem cells identification, however its role in 
stromal cells of immune inflammatory infiltrate has not been explored. The aim of this study was to investigate the 
ALDH1 immunoexpression in epithelial and stromal cells of Oral Lichen Planus and other lesions with lichenoid 
inflammatory infiltrate.
Material and Methods: 64 samples of Oral Lichen Planus, Oral Lichenoid Lesions, Oral Leukoplakia and Unspe-
cific Chronic Inflammation were included. ALDH1 was evaluated in both epithelium and stromal cells. ALDH1+ 
cells ≥ 5% were considered positive in epithelium. Stromal cells were evaluated semi quantitatively. Fields were 
ranked in scores, according to criteria: 1 (0 to 10%); 2 (11 to 50%) and 3 (>50%). The mean value of the sum of the 
fields was the final score. Statistical differences among groups were investigated, considering p < 0.05.
Results: ALDH1 expression in epithelium was low in all groups without difference among them. ALDH1+ cells 
in the lamina propria were higher for Lichen Planus [2.0], followed by Leukoplakia [1.3], Lichenoid lesions [1.2] 
and control [1.1] (p<0.05).
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Introduction
Oral Potentially Malignant Disorders (OPMD) comprise 
a large and diverse group of mucosal disorders that can 
precede the diagnosis of oral squamous cell carcinoma. 
Different OPMD carry on variable malignant transfor-
mation rates and identifying which individual will de-
velop cancer can be a challenge (1).
The exact mechanisms by which Oral Lichen Planus 
(OLP) and Oral Lichenoid Lesions (OLL) undergoes 
malignant transformation have not yet been deter-
mined, it is though that chronic immune stimulation 
and inflammation can cause growth signal dysregula-
tion and this combines with oxidative stress to induce 
DNA damage (2,3).
Many biological markers have been employed to eluci-
date the malignant potential of OLP (4,5). ALDH1 is an 
isoform of dehydrogenase aldehyde expressed in humans 
as a cytosolic detoxifying isozyme. ALDH1 oxidizes 
retinol to retinoic acid, which, in turn, promotes the tran-
scription of genes that participate in cell differentiation,
apoptosis, or even tumor growth being a specific bio-
marker for stem cells’ identification (6,7). In addition, 

retinoic acid has an important role in the control of im-
mune inflammatory diseases (8,9). The immunohisto-
chemical evaluation of ALDH1 in OPMD has been re-
stricted to epithelium acting as a marker of cancer stem 
cell (10), meanwhile its potential in the inflammatory 
infiltrate has not been investigated. Further, the role of 
ALDH1 has not been explored in OLP and other lichen-
oid lesions. This study aimed to investigate ALDH1 ex-
pression in the epithelial and stromal cells of OLP, OLL 
and Leukoplakia (OLK). This study is an attempt to un-
ravel the biology behind ALDH1 expression in epitheli-
al and stromal cells of OLP and other lichenoid lesions.

Material and Methods 
- Case selection and sample
This cross-sectional study followed the Strengthening 
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines. Cases with a histopathologi-
cal diagnosis of OLP, OLL, and OLK were retrieved 
from the files of the Oral Maxillofacial Pathology Ser-
vice (UFMG- Brazil) from 2011-2021. The elegibility 
criteria are presented in Table 1. 

Diagnosis OLP† a,b OLL‡ a,c OLK§ a

Inclusion
Histopathological
Criteria

Hyperparakeratosis,
Hyperorthokeratosis, and combinations of
the two; cytoid (Civatte) bodies; basal cell 
hydropic
change; and a band-like chiefly lympho-
cytic infiltrate
in the lamina própria (all features must be 
present to diagnosis) a

Lichenoid inflammation 
not characteristic of OLP 
with a mixed inflamma-
tory infiltrate consisting 
of eosinophils and plasma 
cells occasionally ex-
tending deep the lamina 
propria.c

Hyperkeratosis, acanthosis 
and epithelial dysplasia 
conjugate with a band-like 
inflammatory
Infiltrate (similar to OLP), 
however, the inflammatory 
cell infiltrate is often
mixed in cell types. a

Inclusion Clinical 
Criteria

Multiple oral lesions and multifocal sym-
metric distribution, usually affecting buc-
cal mucosa

Isolated lesion with evi-
dence of a specific caus-
ative agent (e.g., hypersen-
sitivity reaction or proven 
drug reaction) b

Multiple or unique lesion 
not associated with a caus-
ative agent.

Exclusion Criteria -Patients with clinical and histopathologi-
cal signs of OLL initiated by an identifiable 
cause such as a hypersensitivity reaction to 
mechanical irritation.
-Patient with other potentially malignant 
disorders or that exhibited biopsy proven 
dysplasia.
patient with a diagnosis of OLP concomi-
tant with oral squamous cells carcinomab

OLP†: Oral Lichen Planus; OLL‡: Oral Lichenoid Lesions; OLK§: Leukoplakia.
aCheng et al. (2016); bShearston et al. (2019); cLodolo et al. (2021).

Conclusions: ALDH1 immunoexpression in epithelium of lichenoid potential malignant disorders did not show a 
contributory tool, however ALDH1 in stromal cells of lichen planus might be involved in the complex process of 
immune regulation associated with the pathogenesis of this disease.

Key words: Aldehyde dehydrogenase 1 family, oral lichen planus, leukoplakia, lichenoid lesions, immunohistochemistry.

Table 1: Eligibility criteria of study.
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pending on the percentage of positive cells, according 
to criteria: 1 (0 to 10%); 2 (11 to 50%) and 3 (more than 
51%). The final score of each case was the mean value 
of the sum of the fields.
- Statistical Analysis
Statistical analysis was performed using the software 
SPSS - Statistical Package for the Social Sciences® 
(IBM - version 26.0, 2019, Chicago, IL, USA).
The epidemiological and clinical-pathological variables 
were analyzed descriptively. The Kolmogorov-Smirnov 
test was applied to verify the normality distribution of 
ALDH1 expression in the sample. Kruskal-Wallis test 
was applied to compare ALDH1 immunoexpression 
among groups, and the significance levels were adjusted 
with Bonferroni correction. Statistical significance was 
set as p < 0.05.

Results
- Sample selection
A total of 633 lesions diagnosed as OLP, OLL OLK and 
UCI were retrieved from histopathological records from 
2011 to 2021. After applying the clinical and histopatho-
logical eligibility criteria, were selected 16 lesions each 
group of diagnose, totalizing 64 cases (Fig. 1). Demo-
graphic (sex, age), smoking habit and clinical (funda-
mental lesion and anatomical location) characteristics 
are shown in Table 2.
- Morphological analysis
The morphological analysis of the ALDH1+ cells is 
shown in Table 3.
The epithelial expression of ALDH1 was uncommon, 
with only 1 (6,25%), 2 (12,4%), and 5 (31,2%) cases from 
OLP, LKO, and UCI, respectively, showing ALDH1+ 
cells. The epithelium of all LLO lesions was negative 
for ALDH1 (Fig. 1).
Contrarily, ALDH1+ cells were detected in the lamina 
propria in all groups of lesions, dispersed along the sub-
epithelial inflammatory infiltrate. All cases from the 
OLP group and almost all from OLL and OLK (12 and 
13, respectively) were ALDH1+ in the lamina propria. 
Some UCI cases also showed ALDH1-positive cells in 
lamina propria (Fig. 1). Most of these cells showed a 
stellated morphology with an angular or spindle-shaped 
cell body and cytoplasmatic extensions. Some cells also 
showed amounts of small vacuoles in the cytoplasm. 
Round or oval cells positive for ALDH1 were also ob-
served (Fig. 1). These were leukocyte-like cells with 
round nuclei and granular cytoplasm. Isolated cells in the 
deeper inflammatory infiltrate were sporadic. Positive 
epithelial cells, when present, were confluent, follow-
ing the epithelial architecture, or isolated cells (Fig. 1).
- Semiquantitative analysis
The median expression of ALDH1+ cells in the lamina 
propria was higher for OLP [1.9], followed by OLK [1.3], 
OLL [1.2] and UCI [1.1] (p<0.05), as shown in Fig. 2.

All cases were independently reviewed by three oral 
pathologists). Only cases filling the clinical and histo-
pathological criteria (11-13) and having a concordant 
diagnosis of at least two examiners were included. OLK 
cases included histopathologically identified moderate 
or severe dysplasia.
Were selected for the study 16 OLP, 16 OLL, and 16 
OLK, totalizing 48 cases. Sixteen cases diagnosed as 
Unspecific Chronic Inflammation (UCI) were included 
as controls. Those cases were nodules, ulcers, erosions 
featured by a mixed diffuse inflammatory infiltrate ex-
tending deeply into the lamina propria, without other 
specific diagnosis. Cases histologically diagnosed as 
lichenoid mucositis were excluded.
- Immunohistochemistry
Immunohistochemistry was performed on 4-μm thick 
sections, following standard protocols on silanized 
slides. The antigen retrieval was performed with TRIL-
OGY™ Concentrate (Cell Marque, Rocklin, CA, US; 
1:100) in pressure cooker 96°C for 30 min. Monoclonal 
anti-ALDH1 was used (clone 44 ALDH; Mouse; BD 
Bioscience, California, CA, US; 1:00). Next, the sec-
tions were incubated with a ready-to-use polymer (CRF 
Anti-Polyvalent HRP Polymer, ScyTek Laboratories, 
Logan, UT, USA, code ABZ125). 3.3’-Diaminobenzi-
dine was used as the chromogen (Dako, Carpinteria, 
CA, US) and counterstained with hematoxylin.
- Immunohistochemical assessment
A two-step immunohistochemical analysis was set: a 
morphological and a quantitative, of the epithelium and 
stromal cells. For epithelium and stroma, cells exhibiting 
a brown staining in cytoplasm and cytoplasmatic mem-
brane were considered positive, regardless the intensity.
All slides were scanned in low power (100x) to deter-
mine the positive areas. Then, the ALDH1+ areas were 
evaluated in a higher magnification (400x) to determine 
the staining pattern (confluents and isolated cells for 
epithelium) and the cell morphology (spindle or round 
for stromal cells).
A detailed descriptive analysis was jointly performed 
by three examiners at a Penta Head Light Microscope 
(Axioskop 2 Plus, Carl Zeiss). A semiquantitative 
analysis was made considering epithelium and stromal 
cells. All epithelium extension was evaluated, and epi-
thelium was considered positive when 5% or more cells 
were stained at a hotspot area in a 200x magnification. 
Positive cases were classified as isolated or confluent 
ALDH1 in a 400x magnification (6,7).
The stromal cells evaluation was made in semiquan-
titative form according to Bednarz et al. (2015) (14), 
however the staining intensity was not considered. All 
fields at a horizontal axis, immediately bellow epithe-
lium in the lichenoid infiltrate where positive cells were 
concentrated, were evaluated at high power (400x) by 
two jointly examiners. Fields were ranked in scores, de-
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Variables OLP†

n (%)
OLL‡

n (%)
OLK§

n (%)
UCI¶

n (%)

Sex

Female 10 (62.5) 15 (93.7) 10 (62.5) 6 (37.5)

Male 6 (37.5) 1 (6.2) 6 (37.5) 10 (62.5)

Ratio 1.7:1 15:1 1.7:1 0.6:1

Age (years) Mean±SD 54.1±3.9 56.69±2.5 60.4±3.1 45.4±4.7

Fundamental 
Lesion

Plaque 12 (75.0) 15 (93.8) 11(68.8) 4 (25)

Ulcer 2 (13.3) 1 (6.3) 5(31.3) 8 (50)

Nodule 0 0 0 4 (25)

Not Informed 2 (13.3) 0 0 0

Anatomical 
location

Buccal Mucosa 14 (87.5) 8 (50) 2(12.5) 0

Tongue 1 (6.3) 6 (37.5) 8(50.0) 7 (43.8)

Alveolar ridge/ 
gingiva 0 1 (6.3) 3(18.8) 4 (25.0)

Lips 1 (6.3) 0 2(12.5) 2 (12.5)

Other¤ 0 1(6.3) 1(6.3) 3 (18.8)

Smoking habit

Yes 3 (18.7) 1 (6.3) 3 (18.7) 3 (18.7)

No 11 (68.8) 14 (87.4) 13 (81.3) 13(81.3)

Not Informed 2 (12.5) 1 (6.3) 0 0
OLP†: Oral Lichen Planus; OLL‡: Oral Lichenoid Lesions; OLK§: Leukoplakia; UCI¶: Unspecific Chronic Inflammation (Control); Other¤: 
palate or floor of the mouth.

Table 2: Clinical and demographical data of the 64 included cases.

Lesion
Epithelium Lamina Propria

Confluents cells
N (%) #

Isolated cells
N (%) #

Stellated cells
N (%) #

Round cells
N (%) #

OLP† (16 cases) 0 1 (6.25) 16 (100.0) 10 (62.5)

OLL‡ (16 cases) 0 0 10 (62.5) 2 (12.5)

OLK§ (16 cases) 1 (6.2) 1 (6.2) 9 (56.2) 4 (25.0)

UCI¶ (16 cases) 3 (18.7) 2 (12.5) 4 (25.0) 1 (6.25)

OLP†: Oral Lichen Planus; OLL‡: Oral Lichenoid Lesions; OLK§: Leukoplakia; UCI¶: Unspecific Chronic Inflammation (Control); N (%)#: 
number of positives cases.

Table 3: Morphological analysis of ALDH1+ cells in Epithelium and Lamina Propria.
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Fig. 1: Histopathological and immunohistochemical aspects of lesions. Oral Lichen Planus (A), Oral Lichenoid Lesion (B), Oral Leu-
koplakia (C), and Unspecific Chronic Inflammation (D) (Hematoxylin and Eosin -H&E- stain 100x). Oral Lichen Planus (E), Oral Li-
chenoid Lesion (F), and Oral Leukoplakia (G) show negative immunostaining in the epithelium and positive cells in the lamina propria. 
Unspecific Chronic Inflammation (H) showing ALDH1+ cells in the epithelium and the lamina propria (Polymer-HRP 200x). Details 
of ALDH1 immunostaining evidencing stellated cells with small vacuums in the cytoplasm (red arrow) and round cells (red star) in 
lamina propria of Oral Lichen Planus (I) and Oral Lichenoid Lesion (J) and Epithelium of Oral Leukoplakia (K) and Unspecific Chronic 
Inflammation (L) with confluent and isolated cells (Polymer HRP 600x).

Fig. 2: Median expression of ALDH1 in stromal cells of OLL, OLK and UCI in relation to OLP.
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Discussion
This study aimed to investigate the ALDH1 immunoex-
pression in a group of lesions presenting a lichenoid in-
flammatory infiltrate, considering the malignant poten-
tial of those lesions (1), and ALDH1 as a marker of cancer 
stem cells. Additionally, it was also of interest to inves-
tigate the role of ALDH1 in the immune-inflammatory 
infiltrate of OLP.
Strict criteria should be followed when diagnosing OLP, 
as it can present overlapping clinical and histopathologic 
features with Oral Lichenoid Lesion and OLK with a 
lichenoid component, among other lesions. A proposed 
diagnosis criteria of OLP exclude any lesion with dys-
plasia (12,15). The term Oral Lichenoid Lesions is pre-
ferred for lesions with a definable underlying etiology, as 
drug reaction (16). OLK can present a band-like chronic 
inflammatory infiltrate in the superficial lamina propria, 
mimicking OLP. As a mild dysplasia can occur also as a 
result of inflammation, the distinction between lesions is 
not easy, however, the criteria mentioned above help to 
distinguish them (12).
The malignant potential of OLP has been explored in sev-
eral studies with controversial results and variable index 
of transformation (17). On the other hand, it is recognized 
that other non-dysplastic lichenoid lesions may undergo 
malignant transformation (11,18,19). ALDH1 is expressed 
in malignant epithelial cells and oral dysplasia (20). How-
ever, our results showed a low expression of ALDH1 in 
epithelial cells of all group of lesions, with a slight higher 
expression in UCI cases. These results, differ from oth-
ers (21), did not give an indication of malignant potential 
for the lesions investigated here. Although we had a me-
ticulous criterion to select the lesions, and all OLK cases 
presented dysplasia, a confirmation of this result requires 
an investigation of a more numerous samples.
Biomarkers have a broad function, the main one being 
to neutralize inflammatory agents, contributing to the 
body's defense, minimizing damage and participating 
in some cases in tissue repair and regeneration (11,14) 
The ALDH1 is an isoform of aldehyde dehydrogenase, 
which is expressed in humans as a cytosolic detoxify-
ing isoenzyme that oxidizes intracellular aldehydes and 
contributes to the oxidation of retinol to retinoic acid in 
early stem cell’s differentiation. These properties make 
ALDH1 a marker of cancer stem cells playing an impor-
tant role in the biology of tumors (6). However the role of 
ALDH1 in regulation of immune response throughout the 
control of metabolism of retinol, has not been explored, 
in especial in oral diseases. In a similar way, the strong 
association of ALDH1 with cancer stem cells has mak-
ing the evaluation of this proteins almost restrict to the 
epithelial cells. Few studies have explored the expression 
of ALDH1 in stromal cells (14,22). Our results showed 
an increased number of positive ALDH1 cells in the sub-
epithelial lichenoid inflammatory infiltrate of all lesions. 

The higher number of positive cells was found in OLP, 
with a significative difference with the other lesions.
Interestingly, the stromal ALDH1+ cells showed differ-
ent phonotypes. Most of these cells showed a stellated 
morphology with a namely angular or spindle-shaped 
cell body and cytoplasmatic extensions, some of them 
also showed amounts of small vacuoles in the cytoplasm. 
Round or oval leukocyte-like cells with round nucleus 
and a granular cytoplasm in a small number were also 
present, and isolated cells in the deeper inflammatory in-
filtrate were sporadically seen. It was not an objective of 
this study an immunophenotyping of these stromal cells, 
however call attention the number of them, especially in 
OLP lesions.
The presence of these phenotypes to ALDH1+ cells were 
registered in other studies (14,22), which have been as-
sociated with a better prognosis or simply considered 
as stem cells (23). In the present study, we presume that 
the positive stromal cells are antigen-presenting cells 
(APCs), including dendritic cells.
OLP arises from an autoimmune response involving T 
cells producing cytokines that induce a chronic inflam-
matory response and keratinocytes cell death (17). Ac-
tivation of T cells depends on antigen presentation by 
APCs in the context of MHCII receptors. Dendritic cells, 
a kind of APC control the strength and quality of T and 
B cell response and are present in both epithelium and 
lichenoid infiltrate of OLP (24).
Authors demonstrated the presence of retinol in the cy-
toplasm of ALDH1 + stromal cells (25). Studies also 
showed that the metabolism of retinol into retinoic acid 
in DCs mediated by ALDH1 regulate critical parameters 
of lymphocyte differentiation (8). Moreover, RA en-
hances the induction of Treg FOXp3 cells by Dcs (8,9).
Studies have demonstrated elevated numbers of 
Foxp3+Treg cells in OLP lesions compared to healthy 
control tissues (26,27). If the ALDH1+ cells detected 
in inflammatory infiltrate of OLP are dendritic cells 
controlling the lymphocytic differentiation throughout 
ALDH1, this finding might be a key to understanding the 
complex immune balance in OLP and an indicative for 
development of new therapies.
Although this significative suggestion, the present study 
has several limitations, and the first is the absence of 
characterization of ALDH1+ stromal cells. However, it 
is not probable that the difference among the lesions was 
occasional, and we believe that is associated with the 
different role of ALDH1+ cells in the unspecific or im-
mune mediated inflammatory infiltrate. New studies are 
needed to prove our supposition.

Conclusions
ALDH1 immunoexpression in the epithelium of OLP 
and lichenoid diseases did not show a contributory tool 
in the understanding of the potential of malignant trans-
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formation of these lesions. However, ALDH1+ cells in 
lichenoid infiltrate of OLP might indicate a key point in 
the pathogenesis of this immunoinflammatory disorder.
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