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Abstract
Background

Given the importance of the role of gene expression in the prognosis and diagnosis of malignancies of
the head and neck, we examined in this study the gene expressions of cathepsin-B (Cat-B) and caveolin-1
(Cav-1) in oral squamous cell carcinoma (OSCC) and oral lichen planus (OLP) and compared them to
controls. We also investigated their relationship to clinicopathological indices.

Methods

In this case-control study, 29 biopsy samples from OLP patients were compared to 29 para�n blocks of
OSCC samples as well as 28 para�n blocks of normal oral tissue. The mean age of OSCC and OLP
patients were 59.24 ± 15.04 and 48.79 ± 14.17 years, respectively. Clinical data were analyzed for their
relationship to gene expressions using parametric and nonparametric tests.

Results

The gene expressions of Cat-B and Cav-1 were signi�cantly higher in OSCC and OLP patients compared
to controls (p<0.001). The highest expression were found in OSCC, which was signi�cantly different from
OLP and controls. There were also signi�cant differences between OLP and control in terms of the gene
expression of Cat-B and Cav-1 .There was no association between the gene expression and age, gender,
duration of disease, Thongprasom score, smoking and cutaneous lichen planus. However, the
expressions were related to the grade and stage of OSCC lesions (p:0.01, p:0.02).

Conclusion

The gene expressions of Cat-B and Cav-1 in OSCC were associated with the stage and grade of lesions.
Therefore, they appear to be useful in predicting the biological behavior of OSCC and malignant
transformation of OLP.

Introduction
Oral Lichen Planus (OLP) is a chronic mucocutaneous disease that affects 0.5 to 2.2% of adults. It is
considered, however, as a premalignant condition with the potential to transform into oral squamous cell
carcinoma (OSCC), i.e. a malignant condition. OSCC is the most common malignancy of the oral cavity
with more than 90% of incidence, affecting 1.1% of adults with or without predisposing risk factors (1).
Although the etiology of OLP is unknown, it has been shown that the immunological response due to
band-like T-lymphocyte in�ltration and the subsequent activation of these cells against antigens of the
basal epithelial layer is responsible for (1). The role of cytokines, enzymes and oxidative imbalance in the
pathogenesis of OLP has been established or is currently being investigated.
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In OLP, the accumulation of oxidative stress in the basal layer causes hypoxia in the lower stroma, which
lowers the pH of the tissue and consequently increases some enzymes in the extracellular matrix and
epithelial cells. This leads ultimately to the spread of the lesion as cell connections and extracellular
matrix components are lost (2). Extracellular enzymes, cell surface molecules, and immune response are
also involved in the development and spread of oral cancer. According to the epithelium-connective tissue
model, the differentiation and maturation of mucosal epithelial cells is the result of the communication
between epithelial and connective tissue cells due to enzymes, molecules and growth factors that play a
similar role in the carcinogenesis (1).

The effect of enzymes and surface molecules on the disease process and its biological behavior,
prognosis and metastasis, the possibility of malignant transformation, especially in precancerous
lesions, have been investigated in various studies. Both Cat-B as an extracellular enzyme and Cav-1, as a
structural protein molecule in cell membranes, are involved in carcinogenesis.

As a lysosomal cysteine   protease, cathepsin-B (Cat-B) is initially an inactive proenzyme, which becomes
active and matures at low pHs. This enzyme degenerates the extracellular matrix by converting
prourokinase-type plasminogen to urokinase-type. It is an important biomarker for OSCC (5) as it
activates other proteases, particularly matrix metalloproteinases (MMPs), in OSCC as well as in other
cancers (8).

Caveolins, on the other hand, are a family of proteins whose potential role in reducing oxidative stress in
tissues has recently been examined. These protein microstructures aggregate into caveolae structures in
the cell membrane. Due to the inverse relationship between the amount of this protein and oxidative
stress in tissue, we expect a decrease in Cav-1 expression in various cancers. Increased expression of p53
tumor suppressor gene has been linked to decreased expression of Cav-1 (7).

Many studies view the gene expression of Cav-1 as an oncogene, as well as an indicator for malignancy,
angiogenesis and differentiation, clinical stage of the tumor, metastasis and response to chemotherapy.
In addition, an increased expression of Cav-1 has been observed in malignant salivary conditions,
melanoma, esophageal SCC and, on the contrary, as tumor suppressor genes in ameloblastoma, ovarian
carcinoma and various sarcomas. Different functions for different parts of the Cav-1 protein have
therefore been proposed to address this dichotomy.

Given the nature of OLP as a precancerous disease with the potential for transforming into malignancy,
as well as the role of enzymes as predictive markers of cancer biological behavior in early diagnosis,
determining various behaviors and cellular changes, the severity of the disease, the possibility of
metastasis and prognosis, we investigated in this study the gene expressions of Cat-B and Cav-1 in OLP
and OSCC.

Materials And Methods
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In this case-control study, tissue samples from 90 patients were initially examined in three groups of 30
each. Four samples were excluded either due to their poor quality for PCR or due to the location of the
OSCC outside the oral cavity. In the end, 29 tissue samples with OLP, 29 with OSCC and 28 with �broid
lesions without super�cial epithelial hyperplasia and in�ammatory in�ltration in the connective tissue
were included in the case and control groups, respectively. Inclusion criteria were con�rmed OLP
according to the modi�ed WHO standard (10), OSCC and histopathologically-con�rmed �bromas.
Exclusion criteria were distorted samples, lichenoid reaction samples, �broma samples with super�cial
epithelial hyperplasia and in�ammatory in�ammation in connective tissue.

Sample Selection

After obtaining informed consent and during the biopsy, a checklist was recorded with the patient's age,
medical history, exact locations of intraoral involvement, and lesion severity according to the
Thongprasom scoring (11). In the case of OSCC, the available samples in the archives of the pathology
laboratory of the Department of Dentistry were used. After the OSCC samples were con�rmed, the blocks
were selected for RNA extraction based on the quality and quantity of the tissue, and the grade of lesions
was determined by a pathologist according to the invasion of the connective tissue by cancer cells. The
stage of the lesions was then determined according to the TNM table (1), the size of the lesion, the
involvement of regional lymph nodes and the distant metastasis. The sequence of the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) reference gene and the Cav-1 and Cat-B target genes are shown in
Table 1.

Table 1
Primer sequence of Cav-1, Cat-B, and GAPD

Group Age

(mean ± 
SD)

Gender
(m:f)

Grade
(%)

Stage
(%)

Thongprasom
score

Cav-1
expression
(%)

Cat-B
expression
(%)

OLP
(29)

48.79 ± 
14.17

9:20 1:12
(41.4)

1:12
(41.4)

3.17 ± 1.31 26 (89.7)  

Control
(28)

49.25 ± 
16.44

9:19 2:14
(48.3)

2:17
(58.6)

- 2 (7.1) 1 (3.6)

OSCC
(29)

59.24 ± 
15.04

  3:3
(10.3)

- - 27 (93.1) 27 (93.1)

Total 54.17 ± 
15.84

  - - - 56 (48.7) 55 (48.7)

To evaluate the gene expression of Cav-1 and Cat-B, 10 para�n blocks of 5 to 10 µm were �rst prepared
from each sample. They were then depara�nized with pure xylene and ethanol. A high purity RNA
para�n kit (Roche GmbH, Germany) was used to extract RNA according to the manufacturer's
instructions. Next, the cDNA was prepared from the previously extracted RNA using the RevertAid First
Strand cDNA Synthesis Kit (Thermo Fisher Scienti�c Inc., USA).
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Real-time quantitative PCR was performed to determine the expression of Cat-B and Cav-1 using the
SYBR Green PCR Master Mix (Thermo Fisher Scienti�c Inc., USA) on an ABI thermal cycler (One Step Inc.,
USA) with suitable primers in Table [1]. Differential expression was analyzed using the delta-delta
comparison threshold (ΔΔCt) method. The housekeeping gene GAPDH was used as a reference.

Statistical analysis
SPSS version 18 was used for statistical analysis and a signi�cance level of 0.05 was considered. The
Kolmogorov-Smirnov test was used to examine the distribution of the data, and analysis of variance and
the chi-square test were then used to examine the homogeneity of age and gender. For the �rst group, chi-
square and Kruskal-Wallis tests were used to assess qualitative and quantitative gene expressions,
respectively, while the Mann-Whitney test was used to assess the quantitative gene expression in the
second group. Linear regression was used to adjust the effect of age and gender.

Results
In this study, the mean age in the OSCC group was 59.24 ± 15.04 years and it was 48.79 ± 14.17 in the
OLP. Moreover, 72% of the OSCC (p < 0.001) and 32% of the OLP patients (p = 0.01) were male. The
groups differed signi�cantly in terms of age (p = 0.01), so that people in the OSCC group were older than
those in the other two groups. In addition, 68.0% of the OLP patients were female, which was more than
the other two groups. Therefore, the three groups were gender-inconsistent (p = 0.002). The mean duration
of OLP was 17.66 ± 10.69 months (Table 2).

Table 2
sample data.

Primer Sequence

Cav-1 Forward 5'- AACCTCCTCACAGTTTTCATCC-3'

Cav-1 Reverse 5'- CTTGTTGTTGGGCTTGTAGATG-3'

Cat-B Forward 5'-CAGATGAGGCCGTGGCTTAT-3'

Cat-B Reverse 5'-GGGAGTCACATCCAACAGCAA-3'

GAPDH Forward 5'- GGGCTGCTTTTAACTCTGGTAA-3'

GAPDH Reverse 5'-ATGGGTGGAATCATATTGGAAC-3'

The most common sites of OSCC and OLP lesions were the tongue (55%) and buccal mucosa (93%),
respectively, although more than half of the lesions were on the tongue. 58.6% of OSCC patients were in
the second stage (58.6%) and 48.3% had second grade lesions (48.3%). In addition, most of the OLP
patients had lesions with a Thangprasom score of 3. Cat-B did not express in most of the samples in the
controls (96.4%), while it expressed in 89.7% and 93.1% of the OLP and OSCC samples, respectively. The
three groups differed signi�cantly in terms of Cat-B expression (p < 0.001). Also, Cav-1 did not express in
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most of the samples in the controls (92.9%), while it expressed in 89.7% and 93.1% of the OLP and OSCC
samples, respectively. The three groups also differed signi�cantly in terms of Cav-1 expression (p < 0.001)
(Table 2).

Pairwise comparisons showed that the expressions of Cat-B and Cav-1 were signi�cantly higher in OSCC
samples compared to others. Moreover, the OLP and control samples differed signi�cantly in terms of
gene expression (Figs. 1 and 2).

The gene expressions of Cat B and Cav-1 were associated in the OLP (p < 0.001), control (p = 0.01), and
OSCC samples (p < 0.001). The association was stronger in OSCC than in the others. There was also no
association of Cat-B and Cav-1 expressions with age, duration of disease, and Thongprasom score in the
groups (p < 0.05). The expression of Cav-1 was only signi�cantly associated with gender in the controls
and was higher in women (p = 0.04). Smoking and cutaneous lesions in OLP also had no signi�cant
relationship to the expressions of Cat-B and Cav-1 (p < 0.05). In OSCC, the mean expressions of Cat-B and
Cav-1 were signi�cantly associated with the grade of lesion (p = 0.01 and p = 0.003, respectively) as well
as with the its stage (p = 0.02 and p = 0.01, respectively) (Table 2). In contrast to Cav-1, whose expression
increased gradually with the increase in the grade and stage of lesion, the expression of Cat-B was lower
in grade 2 than in grade 1.

Table 3. Relationship between the gene expressions of Cat-B and Cav-1 (mean ± SD) and the stage and
grade of lesions in OSCC (*: Kruskal-Wallis test, **: Mann-Whitney test, ***: Independent t-test).

Table 3
Relationship between the gene expressions of Cat-B and
Cav-1 (mean ± SD) and the stage and grade of lesions in
OSCC (*: Kruskal-Wallis test, **: Mann-Whitney test, ***:

Independent t-test).
Group     Cat-B Cav-1

OSCC grade 1 4.77 ± 3.42 4.92 ± 4.41

    2 3.26 ± 7.58 8.31 ± 4.25

    3 12.57 ± 1.17 20.58 ± 5.05

    P value P = 0.01* P = 0.003*

  stage 1 4.99 ± 3.53 4.94 ± 3.2

    2 8.3 ± 3.46 10.51 ± 6.97

    Result P = 0.02*** P = 0.01**

Linear regression was used to determine the effect of age and gender on gene expression. Because of the
role of gender, the regression was performed separately for men and women. After adjusting the effect of
gender in men, the expression of Cav-1 in OLP was 2.58 units higher compared to controls, although the
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difference was not signi�cant. In OSCC, on the other hand, the mean expression of Cav-1 was 6.34 units
higher than that in controls, and the difference was signi�cant (p < 0.001). Therefore, age was not
associated with Cav-1 expression.

Similarly, in women and after adjusting the effect of age, the expression of Cav-1 in OSCC was 2.11 units
higher than in controls, and the difference was signi�cant (p: 0.05). The mean expression of Cav-1 in
OSCC was 12.56 units higher than that in controls, and the difference was signi�cant (p < 0.001).
Therefore, age was not associated with Cav-1 expression in OSCC in women.

By adjusting the effect of age and gender, the expression of Cat-B in the OLP samples was 2.68 units
higher than the controls, and the difference was signi�cant (p < 0.05). Age and gender were not related to
the expression of Cat-B.

Discussion
In this study, the gene expressions of Cat-B and Cav-1 were signi�cantly higher in the OLP and OSCC
samples compared to the controls. They were also higher for OSCC than for OLP, along with an increase
in the stage and grade of the lesions. Unlike Cat-B, such an increase was gradual for Cav-1. The gene
expressions of Cat-B and Cav-1 in OLP were not associated with clinical indices of the lesion, including its
severity as per Thangprasom scores and duration, as well as smoking and the presence of cutaneous
lichen planus. In addition, the expressions were independent of age and gender. There was a correlation
between the gene expressions of Cat-B and Cav-1 in OSCC and OLP, and the correlation was more
signi�cant in OSCC.

Given that OLP is inherently recognized as an oral malignancy and OSCC treatment varies based on
clinical stage, pathology, and metastasis, determining the behavioral evolution of these lesions is
fundamental in choosing the best treatment. Numerous studies have been carried out on various markers
for their possible role as predictors of malignant OLP changes as well as on the OSCC prognosis in order
to predict their behavior.

In a 2010 study, Yang et al. examined the expression of Cat-B in tissue samples from 30 OSCC patients
using three methods, namely immunohistochemistry (IHC), RT-PCR and the Western blot analysis.
According to their study, the gene expression of Cat-B was associated with metastasis to regional lymph
nodes (5).

Also in 2012, Chen et al. compared changes in the gene expression of Cat-B with the clinicopathological
indices of 444 patients with OSCC and found a signi�cant relationship between a single nucleotide
pleomorphism (SNP) of Cat-B and an increased risk of OSCC. They also reported a signi�cant
relationship between the expression of Cat-B and the grade and stage of lesions in OSCC patients,
although this increase was not gradual for the grade (12).
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Satelur (2017) examined the expression of Cat-B in 50 OLP patients as a case group along with 10 OSCC
patients and 10 healthy individuals as a control group by IHC. The Cat B-associated staining intensity in
the stromal region and basal cells of both lesions was similar and con�rmed the role of this marker in
OSCC carcinogenesis in the epithelial-connective tissue model. On the other hand, the gene expression of
Cat-B in connective tissue as a transmitter of degenerating signals to epithelial cells was included in the
pathogenesis of OLP and in the possibility of malignancy. However, no study has been conducted on the
relationship between the clinical indices of OLP as well as the clinicopathological indices of OSCC and
the gene expression of Cat-B (13).

The gene expressoin of Cav-1 in oral tissues has been shown in various studies to affect the development
of OSCC from dysplasia, which is consistent with the clinicopathological indices of OSCC. Hung et al.
(2003) immunohistochemically examined 96 tissue samples, including normal oral tissue, precancerous
lesions, OSCC tissue and its metastatic type. However, they did not con�rm the effect of Cav-1 expression
in the primary OSCC lesions and their metastatic type. They also reported a signi�cantly lower Cav-1
expression in metastatic types as well as no association of Cat-1 expression with age, gender, smoking,
stage and grade of the lesions (8). In the present study, the clinical indices including age, gender, severity
and duration of lesions had no effect on gene expression in OSCC. However, gene expression was
signi�cantly associated with the stage and grade of the OSCC lesions.

Kato et al. (2020) immunohistochemically examined the gene expression of Cav-1 in tissue samples from
80 OSCC patients and compared it to 15 samples from metastatic lymph nodes and showed that there
was a signi�cant association between the expression of Cav-1 in OSCC and metastasis of cell
differentiation and lesion invasion. They therefore suggested to use Cav-1 expression for the prognosis of
OSCC (14).

There is still some controversy about the relationship between the gene expression of Cav-1 and the stage
and grade of lesions in OSCC. According to some studies, as the stage and grade of the lesion increase,
so does the expression of Cav-1. Even the expression of this gene has been inversely related to the
survival of OSCC patients (7, 15). In the study by Routray et al., however, the increase in Cav-1 expression
was linked to an improved prognosis (6).

Ashkavandi reported the gene expression of Cav-1 in the cytoplasm of 81 biopsy samples from various
oral lesions including hyperkeratosis, dysplastic epithelium, OSCC and OLP, with the gene expression of
Cav-1 only being signi�cant in OSCC (92%), while being 4% in OLP and increased proportionally with
hyperkeratosis to dysplastic epithelium and OSCC (7). In addition, both gene expressions were high in
OSCC and OLP and low in controls, which is consistent with the results of our study in which the gene
expression of Cav-1 gradually increased in OSCC.

Among the studies reviewed in the present work, only Chen and Yang performed genetic testing on the
samples. Given that the study of gene expression using the qRT-PCR method is more accurate than
directly measuring the amount of marker in the tissue or observing its staining pattern and that it
depends less on the competency of the examiner, we expect the results of the present work to be more
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reliable. In contrast to IHC, however, this method cannot detect the position of the gene and the
expression of markers in the cell due to the loss of cell structure in the laboratory. Therefore, the best and
most accurate method is to use PCR and IHC. A gradual increase in gene expression with increasing
stage and degree of OSCC pathology was only observed in Cav-1, while the Cat-B expression decreased in
grade 1 compared to grade 2, which could not be justi�ed.

Overall, although in our study the gene expressions of Cat-B and Cav-1 increased in OLP and OSCC, we
observed a different and contradicting result for Cav-1. This can be explained by noting that in some
genes like Cav-1, the multiple function is related to different parts of the structure of this marker that can
result in either susceptibility or resistance to cancer (7). The Tye-13 domain of Cav-1 causes cells to grow,
while its scaffolding domain suppresses the tumor (9).

Conclusion
Increased gene expressions of Cat-B and Cav-1 in OSCC were associated with increase in the stage and
grade of malignancy. Therefore, by examining these expressions, we can predict the biological behavior
of OSCC as well as the possibility of malignant transformations of OLP. Since the gene expressions of
Cat-B and Cav-1 increase in OLP and OSCC compared to controls, it can be concluded that these two
markers are involved in both the carcinogenesis of OSCC and precancerous pathogenesis such as OLP.
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Figures

Figure 1

The gene expression of Cav-1 in OLP, OSCC, and controls.
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Figure 2

The gene expression of Cat-B in OLP, OSCC, and controls.


