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The role of cancer stem cells (CSC) in oral cancer is widely accepted. Yet, the exis-
tence of CSC in dysplastic tissue and the molecular pathways of progression from
dysplasia to malignancy remain to be explored.

Our retrospective study aimed to analyze the presence of CSC in oral epithelial dys-
plasia and oral squamous cell carcinoma (OSCC) concerning two epithelial-mesen-
chymal transition markers: Snail and E-cadherin. Formalin-fixed, paraffin-embed-
ded tissue samples of oral epithelial dysplasia (OED), OSCC, and oral epithelial
hyperplasia (OEH) were used. Immunohistochemistry and quantitative RT-qPCR
detected the expression of Snail and CD133, whereas CD44 and E-cadherin were
evaluated solely immunohistochemically.

OSCC cases showed significantly higher CD133 immunoreactivity and inflamma-
tion scores and significantly decreased E-cadherin expression compared to OED
and OEH groups. Snail mRNA up-regulation was seen in 100% of the OSCC cases
followed by 85% for OED cases and 82.5% OEH cases among those that displayed
positive mRNA expression by RI-qPCR.

The Snail upregulation in all OSCC cases proves that Snail plays a significant role
in oral cancer. Our results also suggest that CD133 and E-cadherin may be poten-
tial diagnostic markers in oral cancer progression.

Key words: cancer stem cells, epithelial mesenchymal transition, oral squamous
cell carcinoma, Snail, oral epithelial dysplasia.

Introduction

Head and neck squamous cell carcinoma, which
includes malignancies originating from the oral cavi-
ty, pharynx and larynx, are a heterogeneous group of
tumors with variable presentation. Over 90% of oral
cancers originate from the squamous epithelium lin-
ing the oral cavity. The data of GLOBOCAN 2020
indicate 377,713 new oral cancer cases worldwide {1}.

The majority of patients present at diagnosis with
loco-regionally advanced disease (stage III-1V), which
results in poor prognosis {2, 3]1. Oral squamous cell
carcinoma (OSCC) still remains a cancer associated
with a high mortality rate, despite the new molecular
advances in the field.

Oral cancer can arise de novo, or following a pre-
malignant phase clinically and microscopically {4].
Identification and treatment of precursor lesions with
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high risk of malignant transformation are important
in order to prevent development of OSCC. Although
the concept of stepwise transition from oral premalig-
nant lesions to OSCC has been well established 5},
it is difficult to predict both the probability and
the duration of the malignant transformation {6}.
Therefore, numerous studies have aimed to define
new and more reliable molecular diagnostic/prognos-
tic markers and validate novel therapeutic targets {71.

There is emerging evidence that cancer stem cells
(CSCs) drive and maintain tumor growth. The CSC
hypothesis posits that only a sub-population of can-
cer cells has the capacity to proliferate indefinitely
and drive tumorigenesis {8—10}. CSCs have been
identified in leukemia {11}, and more recently in
many solid tumors including those of the breast,
brain, and head and neck [12}. Ishizawa ez /. {13}
suggested that fewer than 1/2500 CSCs were pres-
ent in head and neck tumors. Among a number
of markers, CD133, CD44, beta-1 integrin, CD71,
E-cadherin, and beta-catenin are the most common
CSC markers that have been studied in OSCC [12}.
However, reliable molecular markers defining CSCs
in oral epithelial dysplasia and OSCCs still remain to
be explored.

The overall aim of our study is to determine epi-
thelial-mesenchymal transition (EMT) and CSC as-
sociated mRNA expression levels during the process
of transition from “oral epithelial dysplasia” (OED)
to OSCC in order to establish a potential diagnostic
marker. For this purpose, we analyzed EMT-CSC in-
teraction by evaluating:
® Snail, E-cadherin, CD133 and CCD44 levels im-

munohistochemically in paraffin-embedded archi-
val tissue specimens diagnosed as OED, OSCC and
“oral epithelial hyperplasia” (OEH);
® Snail and CD133 mRNA expression by quantita-
tive RT-PCR in paraffin-embedded archival tissue
specimens mentioned above;

® correlations between Snail, E-cadherin, CD133 and
CCD44 levels and histopathological parameters.

Material and methods

Tissue specimen histological and clinical data

This study included a total of 58 formalin-fixed,
paraffin-embedded (FFPE) tissue samples of OED
(n = 23), OSCC (z = 16) and OEH (» = 19) be-
tween the years of 2010 to 2015, used from the ar-
chive of the Department of Oral Pathology Facul-
ty of Dentistry, Gazi University, Ankara, Turkey.
The experimental protocol was reviewed and ap-
proved by the Ethics Committee of Gazi University
(142/07102013).

Microscopically, all tissue sections were re-review-
ed and graded by three oral pathologists (S.E.G.,
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0.0.Y and B.T.) using hematoxylin and eosin (H&E)
stained sections.

OSCC cases were graded as “poor”, “moderate” or
“well” differentiated according to the WHO criteria
[14]. OED cases were classified as “low” or “high”
grade using a binary grading system [15}. OEH cases
served as controls. Inflammation in all cases was grad-
ed as low, moderate and high with scores of 1, 2 and
3 respectively {16-18}.

Immunohistochemical analysis

FFPE tissues were cut in 4-um sections and im-
munostained by the standard avidin-biotin-peroxidase
complex method. After deparaffinization, antigen
retrieval was performed using EDTA for 30 min for
CD133 and Snail; and 60 min for CD44 and E-cad-
herin antibodies. For detection of specific immunoreac-
tivity, the specimens were incubated with monoclonal
antibodies against CD133 (rabbit polyclonal, Protein-
tech Europe), CD44 (Leica, NCL-CD44 mouse mono-
clonal, df1485, Newcastle, United Kingdom), Snail
(rabbit polyclonal, Thermo Scientific) and E-cadherin
(Leica, mouse monoclonal, 36b5, Newcastle, United
Kingdom). Immunohistochemical staining was per-
formed using VENTANA BENCHMARK X (Ventana
Medical Systems, Inc.1910 E. Innovation Park Drive,
Tucson, Arizona, USA). Optimal dilutions were 1/100
for CD133, CD44, and E-cadherin, whereas Snail was
diluted to 1/50. Gill’s hematoxylin was used for coun-
terstaining. Bluing Reagent (VENTANA) was applied
for post-counterstaining. The positive control for Snail
was breast invasive ductal carcinoma tissue. Colon mu-
cosa served as a positive control for both CD44 and
CD133. The positive control for E-cadherin was gin-
gival epithelium. All controls gave satisfactory results.

The evaluation of immunoreactivity was performed
by two pathologists (SEG, OOY, and BT) under X200
magnification on a Leica QWin Plus v3.3.1 (Leica
Microsystems GmbH. Wetzlar, Germany), including
all the tumor tissue for SCC cases, and all the epithe-
lial area for dysplasia and hyperplasia cases. Nuclear
staining was accepted as positive for Snail immuno-
reactivity. The H score was used for evaluation when
the immunoreactivity of the cells was assessed for both
the staining intensity and the percentage of tumor or
normal cells stained (Table I) {19}.

Membranous staining was accepted as positive for
CD44 and E-cadherin. The percentage of immunos-
tained cells for E-cadherin was scored as 0 = no stained
cells, 1 (less than 10%), 2 (10—=75%), or 3 (more than
75%) {31.

The percentage of immunostained cells for CD44
was scored as 0 = no stained cells, 1 (less than 10%),
2 (10-50%), or 3 (more than 50%). Both membra-
nous and cytoplasmic staining were accepted as posi-
tive for CD133. The percentage of immunostained
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Table 1. Evaluation of Snail immunoreactivity by H score

STAINING INTENSITY PERCENTAGE OF STAINING CELLS H SCORE (INTENSITY X PERCENTAGE) SCORE

0 Less than 1% (0) 0 0

1 1-40% (1) 1-2 1 (low)

2 40-80% (2) 34 2 (moderate)
3 More than 80% (3) 6-9 3 (heavy)

cells for CD133 was scored as O (less than 5%),
1 (5=50%), or 2 (more than 50%) {3, 20}.

RT-qPCR analysis

Deparaffinization of FFPE tissue and total RNA
isolation:

Depending on the size of the tissue sample, one
or two paraffin sections (10 wm thick) were used for
the isolation of RNA. The sections were cut and im-
mediately placed in a 1.5 ml tube, in duplicates for
each sample. The FFPE tissue samples were deparaf-
finized with xylene (800 pl) at 37°C for 2 hours. Then
tubes were centrifuged twice at 7000 rpm for 2 min-
utes at room temperature. These steps were followed
by the removal of the supernatant and supplementa-
tion of 100% EtOH (400 pl) to the precipitated tis-
sue. Tubes were centrifuged at 7000 rpm for 2 min-
utes at room temperature. Subsequently, EtOH was
carefully discarded without disturbing the pellet and
EtOH washing was repeated twice. Finally, residual
EtOH was entirely removed and the pellet was left to
dry for 25 minutes at room temperature.

Total RNA was extracted using the High pure
FFPET RNA Isolation Kit (Roche Diagnostics, Mann-
heim and Penzberg, Germany) according to the manu-
facturer’s protocol. In brief, 100 ul of RNA tissue ly-
sis buffer (Roche Diagnostics) and 16 ul of 10% SDS
solution were added to the deparaffinized tissue, se-
quentially. Samples were incubated with Proteinase K
(40 wl) for 30 min at 85°C, then cooled down to 50°C,
followed by additional treatment with 80 ul of Pro-
teinase K. After several washing steps, nucleic acids
were eluted in the elution buffer. This was followed by
DNase I treatment and the final washing steps. The fi-
nal isolate was obtained after the addition of RNA
elution buffer. The purity and concentration of total
RNA were determined by measuring the absorbance at
260 nm and 280 nm using the PROMEGA Quantus
Fluorometer. All steps in the preparation and handling
of total RNA were conducted in a laminar flow hood
under RNase free conditions. The isolated total RNA
was stored at —80°C until used for cDNA synthesis.

cDNA synthesis

Complementary DNA (cDNA) was synthesized
using a Transcriptor High Fidelity cDNA Synthesis
Kit (Roche Diagnostics, Mannheim and Penzberg,

Germany). Before the reverse transcription process,
1 wul of random primer, 1 ul of oligoprimer, and 9.4 ul
of RNA were mixed together. The reaction mixture
was incubated at 65°C for 5 min, and then quickly
chilled on ice. Subsequently, an additional mixture of
4 ul of reverse transcriptase buffer, 0.5 ul of RNase
inhibitor, 2 ul of DN'TP solution, 1 ul of DTT and 1 ul
of reverse transcriptase solution was prepared and add-
ed to the reaction mixture in PCR tubes. The cDNA
synthesis reaction was performed at 55°C for 30 min,
85°C for 5 min in order to obtain a 20 ul volume
of cDNA.

RT-qPCR

The mRNA expression levels of Snail and CD 133
genes were measured by RT-qPCR. The Snail gene
(LOT 90017736, Roche Diagnostics, Mannheim,
Germany) primer sequences are as follows: 5'-TGCA-
GGACTCTAATCCAAGTTTACC-3' (forward) and
5'-GTGGGATGGCTGCCAGC-3' (reverse). CD133
(LOT 90017737, Roche Diagnostics, Mannheim,
Germany) primer sequences are as follows: 5'-TTTC-
AAGGACTTGCGAACTCTCTT-3' (forward) and
5’-GAACAGGGATGATGTTGGGTCTC-3' (reverse).
The beta-actin gene was used as a housekeeping gene
(ACTB, LOT 0000001025 Roche Diagnostics, Mann-
heim, Germany).

The mRNA expression levels were detected by em-
ploying TagMan probes using the real-time RT-qPCR
LightCycler-16258 PCR system (Roche Diagnostics,
Mannheim and Penzberg, German). The RT-qPCR
Taq Man assay was carried out with the LightCycler
480 Probe Master according to the manufacturer’s
recommendations. Real-time PCR amplification for
each gene mRINA was performed using a total volume
of 20 ul that contained 10 ul of 2 X PCR probes mas-
ter, 4 ul of H O, 5 ul cDNA, 1 uM for each primer
TagMan probe mixture. Positive and negative con-
trols were included throughout the procedure. Cycle
conditions of the relative qRT-PCR were preincubat-
ed at 95°C for 10 min, followed by 50 amplification
cycles of 60°C for 30 s, 72°C for 1 s and cooling at
40°C for 30 s. The mRNA expression level was quan-
tified by determining the cycle threshold (CT), which
is the number of PCR cycles required for the fluo-
rescence to exceed a value significantly higher than
the background fluorescence.
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Statistical analysis

The data were transferred to the IBM SPSS Sta-
tistics 23 program and analyses were completed.
Frequency analysis (7, %) was used for categorical
variables and descriptive statistics were used for con-
tinuous variables.

In our study, nonparametric statistical methods
were used because # < 30. The Mann-Whitney U test
was used to analyze the difference between two inde-
pendent groups and the Kruskal-Wallis test was used
to analyze the difference between more than two in-
dependent groups. Spearman’s rho correlation coef-
ficient was used to analyze the relationship between
continuous variables. The relationship between two
categorical variables was determined by the y? test.

Results

Patient demographics and histological grading

Patient demographics and clinical data are sum-
marized in Tables II and III.

No statistically significant differences were found
for the distribution of age and gender among the
groups. Buccal mucosa was the common anatomic site
for both the OED and OSCC cases, whereas most of
the OEH cases were located on the floor of the mouth.
Out of 23 OED cases, 9 were diagnosed as low grade
(LG), and 14 were diagnosed as high grade (HG).
Most of the OSCC cases were graded as well-differen
tiated.

Table II. Distribution of demographic and clinical data among the groups

OEH,N =19 OED, N = 23 OSCC,~N = 16
N % N % N %
Gender
Male 8 421 11 47.8 6 37.5
Female 11 57.9 12 52.2 10 62.5
Localization
Floor of mouth 0 0.0 2 8.7 2 12.5
Buccal mucosa 4 21.1 5 21.7 4 25.0
Tongue 1 5.3 4 17.4 3 18.8
Maxilla 5 26.3 7 30.4 3 18.8
Mandibula 9 47.4 5 21.7 4 25.0
MeaN * SD MIN.—MAX. MEeaN * SD MIN.—Max. MEeaN * SD MIN.—MAX.
Age (years) 48.27 = 14.28 20-75 55.22 = 15.42 26-80 59.46 37.90 = 15.07
OED — oral epithelial dysplasia, OEH — oral epithelial hyperplasia, OSCC — oral squamous cell carcinoma
Table III. Snail, E-cadherin, CD44 and CD133 immunoreactivity
AB OEH OED OSCC P
N % N % N %
Snail
Low expression 14 73.7 22 95.7 11 78.6 0.095
High expression 5 26.3 1 4.3 3 21.4
E-cad
E-cadherin loss 8 44.4 17 73.9 15 93.8 0.006*
Normal 10 55.6 6 26.1 1 6.3
CD44
Negative 3 15.8 4 17.4 1 6.3 0.541
Positive 16 84.2 19 82.6 15 93.8
CD133
Negative 15 83.3 17 73.9 46.7 0.063
Positive 3 16.7 6 26.1 53.3
*p < 0.05

OED — oral epithelial dysplasia, OEH — oral epithelial hyperplasia, OSCC — oral squamous cell carcinoma
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Regarding all the groups, most of the samples
included varying degrees of mononuclear inflam-
matory cell infiltration in the lamina propria. Mean
inflammation scores were detected as 1.3, 1.9 and
2.1 in OEH, OED and OSCC cases, respectively, and
the score was significantly higher in the OSCC cases
¢ = 0.022).

Immunohistochemistry
Snail

Positive immunoreactivity was evidenced in all
groups with different percentage values. The immu-
noexpression pattern displayed positive nuclear stain-
ing in both epithelial cells and connective tissue cells
in the lamina propria in OEH and OED cases with
prominence in basal keratinocytes, inflammatory cells,
and fibroblasts in the lamina propria. 26.1% of OED
cases had a score of 0, 69.6% had a score of 2, whereas
4.3% showed positive immunostaining with a score
of 3. OSCC cases showed positive immunoreactivity
predominantly at the periphery of tumor islands, and
infiltrating tumor cords and strands. Especially poorly
differentiated tumor parenchyma was observed to ex-
hibit intense nuclear immunostaining. 14.3% of OSCC
were evaluated with a score of 1, 14.3% with a score
of 2, and 7.1% with a score of 3 (Fig. 1).

E-cadberin

E-cadherin loss was evident in 44.4% of OEH cases,
73.9% of OED cases and 93.8% of OSCC cases.
The mean immunoreactivity score values for E-cad-
herin were found to be significantly lower in OSCC
cases (1.3), decreasing gradually compared to OED
(2.5) and OEH (2.0) cases (p = 0.006) (Fig. 1).

CD44

The membranous immunoexpression pattern for
CD44 was observed in OEH cases principally in basal
and suprabasal layers extending until two-thirds of
the epithelium. In contrast, dysplastic epithelium dis-
played weak CD44 staining in basal and parabasal lay-
ers; moreover, budding rete-pegs also showed weak im-
munoreactivity for CD44 (Fig. 1A,B). 17.4% of OED
cases scored 0, 39.1% scored 1, 34.8% scored 2,
whereas 8.7% showed positive immunostaining with
ascore of 3. 6.3% of OSCC were evaluated with a score
of 0, 25% with a score of 1, 509% with a score of 2, and
7.1% with a score of 3. Mean levels were detected as
1.5, 1.3 and 1.8 for OEH, OED and OSCC cases, re-
spectively. No statistically significant differences were
found among the groups (Fig. 1).

CD133

CD133 immunoexpression was positive in 16.7%
of OEH cases. The expression pattern was membra-

nous and cytoplasmic, predominantly in basal and
suprabasal keratinocytes (Fig. 2A,B). Dysplastic epi-
thelium OED cases showed positive immunostaining
in rete-pegs in the basal layer. A few cases showed
positive stained cells extending to the spinous and
granular layers (Fig. 2C). 26.1% of OED and 57%
of OSCC cases were immunolabeled as positive.
The mean percentage of immune positive cells varied
from 6.7 to 46.7% in OSCC cases. Membranous
staining was observed as positive at the periphery of
tumor islands, and inflammatory cells in tumor stro-
ma. Mean values for CD133 scores for OEH, OED,
and OSCC groups were found to be 0.2, 0.3, and
0.6, respectively. The OSCC group was found to have
significantly higher CD133 immunoreactivity levels
@ < 0.05) (Fig. 1).

Histopathologic correlation

Snail and CD133 immunoreactivity were positive-
ly correlated in OEH cases (p < 0.05, » = 0.469).
A strong positive correlation was detected between
CD133 immunoexpression and inflammation score
in OSCC cases (p < 0.05, » = 0.661).

No statistically significant correlations were found
between immunoreactivity levels and histopatholo-
gical parameters such as tumor differentiation or his-
tological grading regarding OSCC and OED cases in
any marker.

RT-PCR
Snail

Relative Snail mRNA expression was detected
in 50% of OSCC cases, 60.9% of OED cases and
89% of OEH cases, where the difference between
OEH and OSCC groups was statistically significant
(» = 0.033).

Regarding the fold change in Snail mRNA levels,
all positive OSCC cases (# = 8) showed increased
mRNA expression (Fig. 2). In the OED group,
out of 23 cases 14 were detected to have positive
mRNA expression where 12 cases showed increased
expression and 2 cases displayed decreased expres-
sion. The mean percentage of cases with increased
mRNA expression was found to be 85% (Fig. 3).
Similarly, the mean percentage with increased
mRNA expression in OEH cases was 82.5% (Fig. 4).
Out of 15 OEH cases, 12 showed increased mRNA
expression, 2 showed decreased expression and
2 displayed no expression. Snail mRNA expression
levels did not differ significantly among the groups
@ > 0.05).

CD133: Regarding all the groups, CD133 mRNA
expression was detected in one case out of 16 OSCC
cases, and two cases out of 23 OED cases. The data
for CD133 mRNA levels were insufficient to perform
statistical analysis.
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Fig. 1. Representative images showing histological characteristics of oral epithelial hyperplasia (OEH) (A), oral epithelial
dysplasia (OED) (B), and oral squamous cell carcinoma (OSCC) (C) on H&E (1) staining and the immunohistochemical
expression of Snail (2), E-cadherin (3), CD44 (4), and CD133 (5). Images were exported from Leica QWin Plus v3.3.1
(Leica Microsystems GmbH. Wetzlar, Germany) image analyze program, scale bar = 200 um. Quantification of immu-
nostaining showed significant e-cadherin decreasing in OSCC cases gradually compared to OED and OEH cases (3A-C).
The OSCC group was found to have significantly higher CD133 immunoreactivity levels
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Fig. 2. Relative Snail mRNA expression in oral squamous
cell carcinoma cases

Discussion

Oral cancer is one of the most common cancers with
high mortality and morbidity rates, and more than
50% of patients are diagnosed in advanced stages.
A number of OSCC cases arise de nova, whilst others
may develop from the preexisting dysplasia of the oral
mucosa {21}. Therefore, it is of great importance to
determine the factors that influence the cancer inva-
sion process, especially in lesions at the “precancer-
ous” stage. In recent years, the role of EMT constitu-
ents through the sequence of oral dysplasia to OSCC
has been investigated, demonstrating it to be an im-
portant process in carcinogenesis that is directly asso-
ciated with the aggressiveness of OSCC. Elucidation
of the molecular mechanisms in this process may con-
tribute to the introduction of these potential markers
into routine laboratory diagnostics. The identifica-
tion of markers associated with the progression of oral
epithelial dysplasia is of paramount importance for
establishing a possible relationship with the prog-
nosis of these lesions {22}. From this point of view,
we designed our study based on materials consist-
ing of tissues diagnosed as “hyperplasia”, “dysplasia”
and “squamous cell carcinoma” in order to evaluate
the effect of Snail expression on E-cadherin, CD133,
and CD44 immunoreactivity.

The results of our study showed that the mean in-
flammation score, which is among the histopatholog-
ical parameters, was significantly higher in the SHC
group compared to the other groups. Recent scien-
tific studies have revealed the relationship between
chronic inflammation and carcinogenesis {231. DNA
and tissue damage caused by chronic inflammation
and genetic and epigenetic changes that occur in this
process trigger carcinogenesis [24}. It has been shown
that pro-inflammatory cytokines such as IL-1, IL-8
and growth factors such as TGF-B, which have been
shown to be expressed by keratinocytes as well as in-
flammatory cells in tissues during chronic inflamma-
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Fig. 3. Relative Snail mRNA expression in oral epithelial
dysplasia cases
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Fig. 4. Relative Snail mRNA expression in oral epithelial
hyperplasia cases

tion, may be effective in carcinogenesis {25, 26}. One
of the main factors involved in tumor progression is
the pro-inflammatory cytokine TNFa, produced by
macrophages. TNFa also has a crucial role in EMT
as it induces overexpression of the transcription fac-
tor Snail, leading to downregulation of E-cadherin
and upregulation of N-cadherin, which are among
the key molecules involved in EMT {27}].

In our study we evaluated the expression of Snail
using both immunohistochemical and PCR tech-
niques. We detected Snail immunoreactivity generally
as more intense in the periphery of tumor islands and
in poorly differentiated areas. It has been reported that
this expression pattern in SHC cases may have prog-
nostic value for invasion and metastasis. Tumor bud-
ding refers to the grouping of single or up to five cells
in the invasive area of the tumor, and it is suggested
that these areas are a strong marker for lymph node
metastasis {28, 29}. In dysplasia cases, positivity was
observed mostly in areas showing budding and pola-
rization loss. Studies have shown that the loss of epi-
thelial polarity in the EMT process affects the func-
tions of polarity complexes and subsequently cell-cell
integrity. In particular, Snail and ZEB1 have been
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shown to play an important role in this process {30}.
This information explains the morphological locali-
zation of Snail expression pattern in dysplasia and
SHC cases. When relative Snail mRNA expression
was evaluated in our study, increased expression levels
were observed in some cases and decreased in others in
the dysplasia and EH groups, while increased expres-
sion levels were found in all SHC cases with positive
Snail mRNA. However, no statistically significant dif-
ference was found between the groups.

Immunohistochemical studies have reported that
E-cadherin immunoreactivity is reduced in many
cancers, including head and neck cancers and oral
cancer {31, 32}. It is known that loss of E-cadherin
expression on the invasive surface of the tumor in oral
cancer is important in tumor progression and tumors
with E-cadherin loss have a poor prognosis {33}].
In our study, a significant decrease in E-cadherin
immunoreactivity was observed especially in areas
where the tumor infiltrated as smaller cell groups and
around sub-mucosa and muscle invasion. Our find-
ings, in parallel with the literature, support the view
that loss of E-cadherin is a marker of malignancy.
E-cadherin inactivation in cancers may lead to inva-
sive growth by causing marked phenotypic chang-
es in cell-cell contacts {34}. In our study, when all
groups were evaluated together, E-cadherin loss was
observed in 75% of the cases with increased Snail
mRNA. However, in parallel with the findings of
Rosivatz et 2. {351, no correlation was found between
Snail expression and E-cadherin loss.

Takunen et @/. {30} reported that Snail as well as
EMT factors such as ZEB1 and ZEB2 suppressed
E-cadherin expression in cells isolated from primary
oral squamous cell carcinoma; they suggested that
EMT may be triggered independently of Snail in oral
cancer. In addition, podoplanin-mediated actin re-
modeling has been reported to be effective in the in-
vasion process in SCLCs together with EMT [36].

Many CSC markers have been identified in oral
SCLCs to date. Some of these are cell surface mole-
cules and some are transcription factors [12}. Among
the cell surface molecules are CD133, CD44, and
CD90, CD24. Many researchers argue that these
surface molecules may be useful in identifying can-
cer-initiating cells {37, 38}. One of the prominent
findings of our study was that CD133 immunoreac-
tivity was significantly higher in OSCC cases com-
pared to the EH group (¢ = 0.05). Positive CD133
immunoreactivity was observed in 16% of the cases
in the EH group, 27% in the dysplasia group and
53% of the OSCC cases. In parallel with our findings,
Ravindran ez @/. {39} reported that CD133 immuno-
reactivity increased relatively in the sequence from
oral epithelial dysplasia to oral cancer and showed
co-expression with Musahi-1. In another immuno-
histochemical study, it was reported that CD133 im-

312

munoreactivity increased up to 60% in tumor cells in
oral cancer {40}.

When CD133 mRNA expression levels were eval-
uated, an increase was observed in one case in the
OSCC group and in two cases in the dysplasia group.
CD133 mRNA expression could not be determined
in other cases in all groups. These data do not indicate
the absence of CD133 protein expression changes
in dysplasia and cancer. The reliability of mRNA
levels as indicators is proportional to their matching
at the protein level {41}. In our study, this mapping
was performed by immunohistochemistry and posi-
tive expression was detected in 29% of the cases
(3 in the EH group, 6 in the dysplasia group, and
8 in the OSCC group). Iz vitro studies have shown
that 1-3% of tumor cells express CD133 in oral can-
cer {10}. The fact that it is expressed less than other
cell surface markers, case selection and methodolog-
ical differences may be the reasons that CD133 ex-
pression could not be demonstrated 7z vivo.

Another significant finding of our data was
the strong positive correlation between CD133 im-
munoexpression and inflammation score in OSCC
cases (p < 0.05,7 = 0.661). The relationship between
the inflammation and the CSCs was clearly shown
in the development and progression of the cancer.
In a recent study, Awasthi ez a/. {42} reported a di-
rect correlation of IL-1B levels with immunohisto-
chemistry scoring in OSCC cases, demonstrating
a significant role for CD44 and CD133 positivity in
the increase of IL-1p levels. Taking all the evidence
together, we may speculate that CD133 may play an
important role in tumor development in the context
of the inflammation — dysplasia — carcinoma sequence.

Positive CD44 immunoreactivity was observed in
84% of the cases in the EH group, 83% in the dys-
plasia group and 94% of the SHC cases. Although
the mean values of CD44 immunoreactivity in-
creased gradually from hyperplasia and dysplasia cas-
es to SHC, no statistically significant difference was
found. In parallel with our findings, Margaritescu
et al. {43} observed that 80% of healthy oral epithelial
tissues had positive CD44 expression {43]. The lack
of significant difference between normal oral mucosa
and HCC in terms of CD44 expression does not sup-
port the use of CD44 as a single marker in dysplasia
and oral cancer.

In our study, when we evaluated the effect of Snail
expression on E-cadherin, CD133, and CD44 immu-
noreactivity by both methods (RT-PCR and immuno-
histochemistry), no significant difference was observed
between Snail/high and Snail/low expression cases.
Similarly, Zhu ez /. {44} found that in Snail-treated
oral cancer cells (SCCY), there was no significant dif-
ference in terms of CD133 compared to control group
cells; however, CD44 expression was positive.
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Conclusions

Our study findings suggest that CD133 and
E-cadherin, which are involved in EMT-CSC inter-
action, may be promising diagnostic markers of oral
cancer progression via an inflammation pathway. We
believe that further studies in this field may lead to
a better understanding of the pathobiology of CSCs
and the development of anti-tumor drugs and thera-
pies that specifically target these cells. The number
of cases was a limitation of our study. We also believe
that a larger sample size of a prospective study with
extended follow-up would be beneficial.
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