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Abstract

Background: Oral lichen planus (OLP) is a relatively common chronic inflammatory autoimmune disease. OLP is more resistant
than skin form and malignant transformation into oral squamous cell carcinoma (OSCC) has been reported in this lesion. Since
SCC often originates from dysplastic lesions, evaluation of cancer stem cell (CSC) markers in dysplastic and premalignant lesions
such as OLP seems to be necessary. Furthermore, chronic inflammation may induce some epithelial malignancies. CD44 as a CSC
marker is expressed on epithelial cells and contributes to cell migration and tumor progression. Also, this cell adhesion molecule
is expressed on leukocytes involved in various inflammatory diseases.
Methods: Thirty samples of erosive/atrophic OLP (15 samples of dysplastic OLP and 15 samples of non-dysplastic OLP), and 10 normal
mucosa specimens of the oral cavity were examined using immunohistochemistry.
Results: The greatest total score for epithelial immunoreactivity was found in dysplastic OLP, followed by non-dysplastic OLP and
normal mucosa with significant differences (P < 0.001). For sub-epithelial lymphocytes immunoreactivity, the greatest total score
was reported in dysplastic OLP, followed by non-dysplastic OLP.
Conclusions: Significant higher expression of CD44 as a CSC marker in the epithelium of dysplastic OLP may show the role of this
marker in malignant transformation and carcinogenesis process of this premalignant lesion. Higher immunoreactivity in sub-
epithelial lymphocytes of dysplastic type indicates a probable role of chronic inflammation in the malignant potential of OLP.

Keywords: Lichen Planus, Dysplastic, CD44

1. Background

Oral lichen planus (OLP) is a relatively common
chronic inflammatory autoimmune disease that activates
cytotoxic T lymphocytes against epithelial cells. OLP is
more resistant than skin form and malignant transforma-
tion into oral squamous cell carcinoma (OSCC) has been
reported in this lesion (1). A large number of OSCCs in the
early stages clinically appear as premalignant lesions or
potentially malignant oral lesions (PMOLs) (2). Since the
risk of malignant transformation to OSCC for OLP lesions
has been reported, World Health Organization (WHO)
categorizes these lesions as PMOLs (3, 4). Therefore, early
diagnosis of PMOLs including OLP is of critical impor-
tance. Therefore, using biomarkers to evaluate the disease
at the early stages leads to the improvement of preventive
therapies to suppress the disease in the initial phase (1).

It has been reported that the development of cancer-
ous tumors is exclusively dependent on the functional role

of cancer stem cells (CSCs) that cause the emergence of a
new model of carcinogenesis known as cancer stem cells
hypothesis. Since OSCC often originates from dysplastic le-
sions, evaluation of CSC markers in dysplastic and prema-
lignant lesions seems to be necessary (1, 5, 6).

Among the markers of cancer stem cells, CD44 can be
mentioned as a cell surface glycoprotein. The expression of
CD44 is a distinct feature of the cancer-initiating cells and
contributes to tumor endothelial reactions, cell migration,
cell adhesion, tumor invasion, prognosis, and metastasis
(7, 8). Since CD44 is expressed on epithelial cells, we eval-
uated this CSC marker in the epithelium of non-dysplastic
OLP and dysplastic type as a PMOL lesion.

Recent molecular studies have given a new perspec-
tive on the association between malignant tumors and sur-
rounding stroma. There is now enough evidence to ac-
cept the fact that the chronic inflammatory process is capa-
ble of creating a cytokine-based microenvironment. This
growth environment can induce proliferation, differentia-
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tion, and movement of the cells. It also contributes to pro-
gression, invasion, and metastasis of cancer (9).

2. Objectives

CD44, as a cell adhesion molecule, is expressed on ep-
ithelial cells as well as on leukocytes, and along with its lig-
and hyaluronan (HA), is involved in various inflammatory
diseases including OLP. Investigation of the role and func-
tional mechanism of this marker can serve as a therapeutic
goal in chronic inflammatory diseases (10). Therefore, in
the present study, in addition to evaluation of CD44 in OLP
epithelium, the expression of this marker in sub-epithelial
lymphocytes was also investigated.

3. Methods

In this study, 40 samples including 15 samples of dys-
plastic (moderate dysplasia) lichen planus, 15 samples of
non-dysplastic lichen planus, and 10 normal mucosa sam-
ples of the oral cavity were examined using immunohisto-
chemistry.

This study included individuals with erosive/atrophic
OLP referred to the Department of Oral Medicine, School
of Dentistry, Mashhad University of Medical Sciences. The
cases with fulfillment both clinical and histopathological
features consistent with the World Health Organization
(WHO) criteria were selected. The selection criteria in-
cluded:

1. bilateral presence of papules or reticulate lesions,
with or without atrophic/erosive lesions.

2. Bandlike zone of lymphocytes infiltration with signs
of degenerative liquefaction of the basal cell layer (11).

Tissues were sectioned and evaluated histologically af-
ter staining in hematoxylin and eosin. Routine histologi-
cal examination was independently reconfirmed by 2 expe-
rienced professionals. After confirmation of the cases, the
hematoxylin- and eosin-stained sections were studied un-
der low power (10×) and high power (40×) magnifications
for the valuation of the dysplastic features.

Immunohistochemistry (IHC) was applied on 4um
formalin-fixed and paraffin-embedded tissue sections. Tis-
sue sections were deparaffinized in xylene and rehydrated
in decreasing ethanol series. In order to antigen retrieval,
the sections went through the 0.01citrate solution (pH =
6.0) for 10 min. To block endogenous peroxidase activity,
solution of methanol with 0.5% hydrogen peroxide was
used for 10 min. Tissue sections were then washed in Tris-
buffered saline (TBS), pH = 7.6 and incubated with diluted
normal serum for 10 min. The following monoclonal an-
tibody was applied for 30 min at room temperature: anti-

CD44 (clone DF1485, 1:50 dilution, Novocastra Laborato-
ries, Newcastle, UK).

The immunostains were reviewed by two pathologists.
The slides were examined with a light microscope at a fi-
nal magnification of 400×. Positivity was considered ac-
cording to the percentage of positive epithelial cells and
sub-epithelial lymphocytes. Immunohistochemical reac-
tivity for CD44 (designated as labeling index, LI) was scored
as follows: CD44 immunoreactivity :4+, more than 75%; 3+,
50% - 75%; 2+, 25% - 50%; 1+, 5% - 25%; and negative (-), less
than 5% (4, 12).

All analyses were performed using data processing pro-
gram SPSS/PC version 22.0 for Windows. Kruskal-Wallis and
Dunn-Bonferroni post hoc test were used to assess the sta-
tistically significant differences between studied groups.
Statistical significance was defined as P < 0.05.

4. Results

Of 30 patients with OLP, 12 were males and 18 were fe-
males with a mean age of 12.36 ± 46.73 years. There was
no significant difference between the two groups regard-
ing gender and age.

CD44 was expressed in all lining epithelial cells and
sub-epithelial lymphocytes of OLPs with different degrees
while 30% of normal mucosa samples showed negative
epithelial immunoreactivity. Representative staining is
shown in Figures 1-3, and the entire dataset are reported in
Tables 1 and 2.

Figure 1. CD44 expression in the epithelium of normal mucosa

In most dysplastic OLP cases, CD44 labeling index in
the epithelium and sub-epithelial lymphocytes was strong
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Table 1. Comparison of CD44 LI and Mean Total Score in the Epithelium of the Studied Groups

Lesion
CD44 LI, No. (%)

Mean Total Score Standard Deviation (SD)
0 1+ 2+ 3+ 4+

Normal mucosa (n = 10) 3 (30) 7 (70) 0 0 0 0.70 0.48

Non-dysplastic OLP (n = 15) 0 0 6 (40) 7 (46.7) 2 (13.3) 2.74 0.70

Dysplastic OLP (n = 15) 0 0 1 (6.7) 2 (13.3) 12 (80) 3.74 0.59

Table 2. Comparison of CD44 LI and Mean Total Score in the Subepithelial Lymphocytes of OLP Lesions

Lesion
CD44 LI, No. (%)

Mean Total Score Standard Deviation (SD)
0 1+ 2+ 3+ 4+

Non-dysplastic OLP (n = 15) 0 0 2 (13.3) 8 (53.3) 5 (33.3) 3.20 0.67

Dysplastic OLP (n = 15) 0 0 1 (6.7) 3 (20) 11 (53.3) 3.66 0.61

(4+) (Figure 2). The greatest total score for epithelial im-
munoreactivity was found in dysplastic OLP, followed by
non-dysplastic OLP and normal mucosa (Table 1). A com-
parison of the total score among the three groups revealed
significant differences (P < 0.001). Also, the Pairwise com-
parison of CD44 expression in the studied groups was per-
formed. According to Dunn-Bonferroni post hoc test all
the paired groups demonstrated significant differences (P
< 0.01).

Sub-epithelial lymphocytes immunoreactivity was
evaluated in dysplastic and non-dysplastic OLP groups.
The greatest total score was reported in dysplastic OLP,
followed by non-dysplastic OLP (Table 2). According to
Mann-Whitney test, there was no statistically significant
difference between the two groups (P = 0.067).

5. Discussion

OLP is a relatively common chronic inflammatory au-
toimmune disease. OSCC can be preceded by potentially
malignant lesions such as OLP (4). Although the WHO clas-
sifies OLP as a potentially malignant oral lesion, there is
considerable controversy regarding the malignant poten-
tial of this lesion. This controversy is due to a wide range of
malignant transformation rates (0% - 12.5%) in OLP patients
as well as different clinical criteria used for diagnosis of
this lesion. Nevertheless, most studies demonstrated that
OLP patients develop oral cancer at an increased rate (ap-
proximately 10 times higher risk) when compared to the
general population (13, 14). A meta-analysis study also re-
ported malignant transformation of OLP six years after the
initial diagnosis with the mean rate of 0.27% per year (14).

Lodi et al. reported that the presence of epithelial dys-
plasia in an OLP lesion may correspond to two types of
conditions: lesions with clinical features of OLP but with
dysplasia at histological level and lesions with lichenoid

histopathological features (particularly band-like inflam-
matory infiltration) but without the classic clinical fea-
tures of OLP (e.g. with unilateral distribution or absence of
reticular lesions). The former may represent an early phase
of OLP malignant transformation, whereas the latter may
correspond to one of the various clinical conditions (15).
In addition, it is probably well accepted that the final diag-
nosis of OLP cannot be made on histopathological features
alone and that often clinical and histopathological evalua-
tion is required (16). Therefore, in order to achieve appro-
priate results in the present study, cases with fulfillment
both clinical and histopathological features of OLP were se-
lected. Concerning the clinical form of OLP, numerous au-
thors have found that atrophic-erosive forms predisposed
to cancer development (15).

The role of CSCs in epithelial dysplasia, tumor develop-
ment, growth, and metastasis has been approved and in-
vestigated by various studies. Malignant transformation of
dysplastic epithelium is reported to be 3% to 36% (1). There-
fore, evaluation of CSC markers, including CD44, seems to
be necessary for dysplastic and premalignant lesions such
as OLP.

It has been shown that chronic inflammation may in-
duce some epithelial malignancies. The relation between
chronic esophagitis and esophageal adenocarcinoma as
well as intestinal cancer and chronic inflammatory bowel
disease has been reported (9).

It should be noted that inflammation itself, the ba-
sic pathological feature of OLP, can elicit histological fea-
tures similar to mild dysplasia (15). Moreover, particularly
in mild cases of dysplasia chronic inflammatory host re-
sponse to the atypical cells of epithelial dysplasia can ap-
pear histopathologically similar to OLP (3). Therefore, al-
though most of our reporting system included a diagnos-
tic category of mild and moderate dysplastic OLP, we eval-
uated only moderate dysplastic OLP in our study.
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Figure 2. Dysplastic OLP showing immunostaining (4+) in the epithelium and
subepithelial lymphocytes (A, 400×) and (B, 200×)

CD44, as a cell adhesion molecule is expressed on ep-
ithelial cells and also leukocytes. This marker along with
its ligand, hyaluronan (HA), is involved in various inflam-
matory diseases, including OLP. Investigating the role and
functional mechanism of CD44 can serve as a therapeutic
goal in chronic inflammatory diseases (10).

In the present study, CD44 expression as a CSC marker
was evaluated in dysplastic and non-dysplastic OLP. Fur-
thermore, the expression of this marker in sub-epithelial
lymphocytes of OLP as a chronic inflammatory disease was
investigated. Some other studies (17) evaluated definitely
epithelial dysplasia, whereas in the current study, after
confirming the OLP diagnosis, the dysplastic changes in
OLP lesions were evaluated. Therefore, to the best of our

Figure 3. Non-dysplastic OLP (A, 100×): immunostaining in the epithelium (1+) and
subepithelial lymphocytes (2+), (B, 400×): immunostaining in the epithelium (2+)
and subepithelial lymphocytes (4+)

knowledge, CD44 expression in dysplastic OLP was evalu-
ated for the first time in this study.

According to our results, higher expression of CD44
was reported in dysplastic lesions which shows the role of
this marker in the carcinogenesis process as a CSC marker.
Consistent with the findings of the present study, Kaya et
al. also showed a high CD44 expression in epithelial ker-
atinocytes of OLP (18).

Santarelli et al. reported that CD44 and osteopontin ex-
pression in epithelium of OLP patients were significantly
higher than the control group and they concluded that
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these markers could play a role in the pathogenesis of OLP
(19). Siponen et al. also demonstrated a higher expression
of hyaluronan, CD44, HASI-3, and HYALI-2 in the epithelium
of OLP patients compared to the control group (20).

Since CD44 is expressed on both lymphocytes and
parenchymal cells, in addition to the role of this marker
in the carcinogenesis process, its role in autoimmune dis-
eases has also been taken into account in recent years (10).

One of the early events in inflammatory responses is
the recruitment of inflammatory cells that are mediated
by cell-adhesion molecules such as CD44 and the produc-
tion of chemical adsorbents. Evidence showed that CD44
plays a major role in various inflammatory diseases and
according to the previous studies the application of the
Anti-CD44 antibody can control inflammatory bowel dis-
ease and skin encephalomyelitis (10).

In the current study, the expression of CD44 in OLP
samples demonstrates its role in the recruitment of T lym-
phocytes in the pathogenesis of this lesion. In the study by
Liu et al. most of the T cells infiltrated in the OLP lamina
properia showed high CD44 immunoreactivity (21).

Mignogna et al. also evaluated the role of inflamma-
tion in the malignant transformation of OLP. According
to their study, sub-epithelial infiltration of inflammatory
cells and cytokines network can be associated with the tu-
morigenesis and malignant transformation of OLP (9).

Yasuda et al. also reviewed the relevance of CD44
with inflammation and malignancy. They stated that CD44
as a major receptor for hyaluronan (an essential compo-
nent of the extracellular matrix) has an important role in
the inflammation process and potential for tumor forma-
tion. Therefore, a special focus should be placed on CD44-
mediated signaling pathways in therapeutic approaches
(22).

Similar to our results, Kaya et al. investigated CD44
isoforms including (CD44s and CD44V3-10) in OLP and ob-
served CD44s immunoexpression in sub-epithelial lym-
phocytes and epithelial keratinocytes. Epithelial im-
munoreactivity of CD44v isoforms was decreased or ab-
sent. They concluded that the expression of CD44 isoforms
in OLP is different from cutaneous LP which revealed that
CD44 may play a role in the formation of LP in different lo-
cations (18).

In the present study, although there was no significant
difference for expression of CD44 in sub-epithelial lym-
phocytes between dysplastic and non-dysplastic lesions,
a higher immunoexpression in dysplastic lesions was ob-
served, that indicates the role of this marker in the process
of inflammation as well as malignant transformation. As
previously noted, epithelial immunoreactivity was signif-
icantly higher in dysplastic lesions, which possibly shows
the more important role of this marker in the carcinogen-

esis process.

5.1. Conclusions

Immunoexpression of CD44 in the epithelium and
sub-epithelial lymphocytes of OLP indicates the probable
role of this marker in the pathogenesis of this lesion as an
inflammatory chronic autoimmune disease.

Significant higher expression of CD44 as a CSC marker
in the epithelium of dysplastic OLP may show the role
of this marker in malignant transformation and carcino-
genesis process of this premalignant lesion. Higher im-
munoreactivity in sub-epithelial lymphocytes of dysplas-
tic type indicates a probable role of chronic inflammation
in the malignant potential of OLP similar to some other
chronic inflammatory diseases.
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