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Objective: Cathepsin B (Cat-B), a cysteine protease, and cystatin A (Cys-A), a 
protease inhibitor, are involved in the immune response. This study determined 
Cat-B and Cys-A expression in oral lichen planus (OLP) by immunohistochemistry. 
Materials and Methods: Thirty specimens each of OLP and healthy gingiva 
(HG) were included. The expression pattern, the number of positive cells, the 
staining intensity, and the immunoreactive score (IRS) of Cat-B and Cys-A 
were investigated. The data were analyzed by using unpaired t-test, Chi-square, 
and Spearman’s rank correlation. Results: The Cat-B expression in OLP was 
observed as cytoplasmic staining in the epithelial cells, whereas Cys-A expression 
was exhibited in the nucleus and cytoplasm of the epithelium. An increase in 
Cat-B staining intensity was also observed in the basal cells. Conversely, the high 
staining intensity of Cys-A was observed in the stratum spinosum, but not the 
stratum basale. In HG, Cat-B expression demonstrated a relatively consistent 
intensity in the epithelial layer. The Cys-A expression in HG was similar to OLP 
with a lower staining intensity. The mean percentage of positive cells and the IRS 
score of Cat-B and Cys-A in OLP were significantly higher than HG (P < 0.05). 
There was no correlation between Cat-B and Cys-A levels in OLP. Interestingly, 
Cat-B expression in erosive OLP was greater than in non-erosive OLP (P < 0.05). 
Conclusion: The Cat-B and Cys-A expression in OLP was more outstanding than 
in HG, suggesting possible roles for the process of OLP pathogenesis. In addition, 
Cat-B expression may be an indicator of the disease severity.
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Introduction

O ral lichen planus (OLP) is a chronic mucocutaneous 
disease with an uncertain etiology. The 

pathogenesis of OLP is believed to be involved in the 
activation of keratinocytes and antigen-presenting 
cells, resulting in a T-cell-mediated immune response. 
The T-cell activation by the antigens associated with 
the major histocompatibility complex (MHC) class II 
induced the production and secretion of cytokines, 
leading to inflammation of the epithelial layer and 
keratinocyte apoptosis.[1,2]

Cysteine cathepsins are lysosomal proteases that are 
found in the tissues of the human body. Cathepsin 

B (Cat-B) plays a role in cellular functions, such as 
antigen processing, inflammatory responses against 
antigens, and tissue apoptosis.[3-5] It participates in the 
processing of antigen presentation to MHC class  II. 
Cat-B is also required for the toll-like receptor signaling 
cytokine production, including tumor necrosis factor 
alpha (TNF-α).[4,6] Abnormal activity of Cat-B has 
been associated with rheumatoid arthritis, systemic 
sclerosis, and various cancers.[7-9] A previous study also 
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reported the possible role of Cat-B as a marker in OLP 
malignant transformation. Nevertheless, there were no 
data regarding the role of Cat-B in the pathogenesis of 
OLP.[10]

The specific cysteine protease inhibitors regulated 
the activities of cysteine cathepsins, such as cystatins. 
Cystatins A (Cys-A) can form complexes with Cat-B.[11] 
The relationship between Cat-B and Cys-A expression 
was previously investigated, particularly in human 
cancers. An inverse correlation between increased Cat-B 
expression and decreased Cys-A level has been shown 
in laryngeal cancer and brain tumor.[12,13] Conversely, an 
increase in both Cat-B and Cys-A levels was observed 
in hepatocellular carcinoma.[14,15] There were no 
previous reports of the expression of Cys-A and the 
relationship between Cat-B and Cys-A expression in 
OLP. Therefore, the role of Cat-B and Cys-A in OLP 
is still unclear.

Based on the data from prior studies, Cat-B and Cys-A 
may contribute to autoimmune inflammation of OLP. 
Therefore, this study aimed at investigating Cat-B 
and Cys-A expression in OLP compared with healthy 
gingiva (HG) by using immunohistochemistry (IHC). 
The correlation between the clinical presentation of 
OLP and the expression of Cat-B and Cys-A was also 
studied.

Materials and Methods

The 30 paraffin-embedded tissues of OLP were obtained 
from the Department of Oral Surgery and Oral Medicine, 
Faculty of Dentistry at Srinakharinwirot University 
between 2010 and 2019. Age, sex, clinical features of 
OLP, and biopsy sites were retrospectively investigated 
from the patient’s records. The clinical features of OLP 
were classified as non-erosive OLP and erosive OLP 
based on clinical diagnosis from dental records. All of 
the OLP selected specimens were histologically reviewed 
and diagnosed based on modified WHO criteria.[16] 
Specimens that presented artifacts such as superficial 
biopsy or did not demonstrate characteristic features 
of OLP were excluded. The 30 control specimens were 
HG tissues, obtained during the third molar surgical 
removal process from the volunteers, who signed a 
written informed consent form. The research project 
was approved by the Ethical Committee for Research 
in Human Subjects at Srinakharinwirot University, no. 
DENTSWU-EC29/2563X.

Immunohistochemistry

Briefly, paraffin-embedded specimens (4  μm) were 
deparaffinized and rehydrated. The IHC was performed 
using EnVision kit (Dako Agilent, USA). The antigen 

retrieval was performed in 10 mM citrate buffer pH 
6.0 by using a microwave (700 W). After cooling down 
to room temperature, endogenous peroxidase activity 
was blocked. The sections were washed with phosphate 
buffer saline (PBS), blocked with protein blocking 
reagent, and incubated with the primary antibody 
against Cat-B (sc-365558, Santa Cruz Biotechnology, 
USA) or Cys-A (sc-376759, Santa Cruz Biotechnology, 
USA). Next, the secondary antibody was added to these 
sections. After washing with PBS, chromogen,3,3I-
Diaminobenzidine was applied. Finally, the sections 
were dehydrated, counterstained, and mounted in the 
Permount mounting medium (Bio-Optica, Italy). For 
negative staining control, the protein block without 
the primary antibody was added to specimens. The 
mouse liver and human esophagus tissues were taken 
as positive control of Cat-B and Cys-A, respectively.

Interpretation of immunostaining

Cat-B and Cys-A expression was evaluated based on 
the expression pattern, the number of positive cells, and 
the staining intensity. The immunoreactive score (IRS) 
was also applied for interpretation. Four photographs 
each of the epithelial layer and the connective tissue 
layer were taken from all slides at 400× magnification 
using a Microscope camera (Motic, China). All of the 
photographs were scored using ImageJ software (NIH, 
USA). The Cat-B and Cys-A expression showing 
intensities of brown color as a cytoplasmic or nuclear 
staining in the epithelial cells as well as the underlying 
stromal cells were considered positive.

The percentage of positive cells was presented as mean 
± SD and also determined as follows: 0 = no positive 
cells, 1 = <10% of positive cells, 2 = 10%–50% of positive 
cells, 3 = >50%–80% of positive cells, and 4 = >80% of 
positive cells. The staining intensity score was graded 
as: 0  =  no color reaction, 1  =  mild, 2  =  moderate, 
and 3 = intense. The IRS score gives a range of 0–12 
as a product of multiplication between positive cells 
proportion score (0–4) and staining intensity score 
(0–3).[17] The IRS was interpreted as negative (score 
0–1), mild (score 2–3), moderate (score 4–8), and 
strongly positive reaction (score 9–12). The specimens 
were analyzed and scored by two of the investigators 
(PB and WH). The inter-investigator calibrations were 
performed with intraclass correlation coefficient values 
equal to 0.965.

Statistical analysis

The statistical analysis was performed using SPSS 
software, Version 26 for Windows. The mean 
percentage and statistical significance difference of 
positive cells between groups were calculated using 
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an unpaired t-test. The differences in the scores of the 
positive cells, the score of staining intensity, and IRS 
between groups were analyzed using the Chi-square 
test. The correlations between variables were analyzed 
using Spearman’s rank correlation. The statistical 
significance was defined as a P value of <0.05.

Results

The clinical data on the cases and controls are 
presented in Table 1. The mean ages of the OLP 
patients and controls were 54.97  ± 15.88 and 25.5  ± 
10.78, respectively. A  difference for age distribution 
was noted (P  <  0.001). The male to female ratio in 
the OLP group and the control group was 1:1.72 and 
1:1.14, respectively. The clinical presentation of OLP 
specimens consists of 17 cases of non-erosive OLP and 
13 cases of erosive OLP. The biopsy site of the OLP 
specimens was taken from buccal mucosa (n  =  22) 
and gingiva (n = 8). All of the control specimens were 
obtained from the gingiva (n = 30).

The expression pattern of cat-b and cys-a

The Cat-B expression was found in all cases (30 cases) in 
the OLP specimens, whereas in HG, Cat-B expression 
was detected in 29 cases. The immunostaining Cat-B 
pattern in OLP was predominantly found in the 
epithelium with granular, dot-like characteristics in 
the cytoplasm. An increase in staining intensity was 
also observed in the basal cells [Figure 1A and B]. 
In contrast, Cat-B expression in HG demonstrated a 
relatively consistent staining intensity in the epithelial 
layer [Figure 1D and E]. Cat-B expression was also 
detected in the inflammatory cells in the connective 
tissue layer of both groups [Figure 1C and F].

Cys-A expression was also found in all cases of OLP and 
in 28 cases of HG. The pattern of Cys-A immunostaining 

in OLP was mainly distributed in the nucleus and 
cytoplasm of the epithelial cells. A  strong staining 
intensity was found in the stratum spinosum, whereas 
a lower staining intensity was observed in the stratum 
basale [Figure 2A and B]. The expression pattern of 
Cys-A in HG was similar to OLP with a lower staining 
intensity [Figure 2C and D]. Cys-A expression was also 
found in the inflammatory cells in the connective tissue 
layer of both groups [Figure 2C and F].

The percentage of positive cells, the staining intensity, 
and the irs score of cat-b and cys-a

The mean percentage of Cat-B positive cells in OLP 
(53.58% ± 16.24%) was significantly higher than in HG 
(29.47% ± 25.77%) (P < 0.001). The 23 cases (76.7%) 
of OLP showed moderate to intense Cat-B staining 
intensity, whereas most cases (53.3%) of HG showed 
mild staining intensity. However, there was no difference 
in Cat-B staining intensity between these groups 
(P = 0.254). Besides, the IRS score of Cat-B in OLP 
was significantly greater than in HG (P = 0.014). The 
majority of OLP cases (76.7%) showed a moderately 
to strongly positive IRS score, whereas in HG, 18 cases 
(60.0%) showed a negative to mild IRS score [Table 2].

The mean percentage of Cys-A positive cells in OLP 
(63.43% ± 19.87%) was significantly greater than HG 
(56.85% ± 28.35%) (P  <  0.001). There were 22 cases 
of OLP (73.3%) that showed intense Cys-A staining 
intensity, whereas only 14 cases (46.7%) were observed 
in HG. The number of cases with a strongly positive 
IRS score was higher in OLP (70%) than in HG (40%). 
There was a statistically significant increase in the 
staining intensity and IRS scores of Cys-A in OLP 
(P = 0.018 and P = 0.008, respectively) [Table 2]. The 
data suggested that Cat-B and Cys-A expression in 
OLP was more significant than in HG.

Table 1: Characteristics of the study population
Variables Group P value

Oral lichen planus Human gingival (n = 30)
Erosive (n = 13) Non-erosive (n = 17) Total (n = 30)

Sex, n (%)   0.407
  Female 7 (23.33) 12 (40.0) 19 (63.33) 16 (53.3)
  Male 6 (20.0) 5 (16.7) 11 (36.7) 14 (46.7)
Age     <0.001
  Min–max (years) 41–84 22–72 22–84 18–61
  Mean ± SD (years) 64.54 ± 14.37 47.65 ± 13.06 54.97 ± 15.88 25.5 ± 10.78
Duration      
  Min–max (months) 0–72 0–60 0–72 N/A N/A
  Mean ± SD (months) 22.87 ± 24.78 14.59 ± 16.95 18.16 ± 20.74   
Biopsy site, n (%)    
  Buccal mucosa 10 (33.33) 12 (40.0) 22 (73.33) 0 (0) N/A
  Gingiva 3 (10.0) 5 (16.77) 8 (26.77) 30 (100)  
Max = maximum, Min = minimum, N/A = not applicable, SD = standard deviation
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The expression of cat-b and cys-a in erosive and non-ero-
sive olp

Because we observed that Cat-B and Cys-A expression 
in OLP was more significant than in HG, the Cat-B 
and Cys-A expression was further analyzed in erosive 
and non-erosive type of OLP. The mean percentage of 
Cat-B positive cells in erosive OLP (59.39 ± 14.95) was 
higher than that in non-erosive OLP (49.14 ± 16.19), 

but it was not statistically significant (P = 0.087). The 
majority of the non-erosive OLP specimens showed 
the moderate staining intensity of Cat-B expression 
(52.94%), whereas most of the erosive OLP specimens 
showed intense Cat-B staining intensity (46.15%). There 
were no significant differences between the number 
of stained cells and the staining intensity between 
the groups (P  =  0.087 and P  =  0.120, respectively). 

Figure 2: Immunostaining of cystatin A in oral lichen planus (A, B, C) and healthy gingiva (D, E, F). Original magnification: 100× (A, D) 
and 400× (B, C, E, F). CNT = connective tissue, EPI = epithelium

Figure 1: Immunostaining of cathepsin B in oral lichen planus (A, B, C) and healthy gingiva (D, E, F). Original magnification: 100× (A, D) 
and 400× (B, C, E, F). CNT = connective tissue, EPI = epithelium
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However, a moderate to strongly positive IRS score of 
Cat-B expression was greater in erosive OLP (84.61%) 
than in non-erosive OLP (70.59%) (P = 0.031) [Table 3].

The mean percentage of Cys-A positive cells in non-
erosive OLP (67.56% ± 18.10%) was greater than that 
in erosive OLP (58.02% ± 21.52%), but it was not 
statistically significant (P = 0.198). The intense Cys-A 
staining intensity was mostly found in both erosive 
(61.54%) and non-erosive OLP (82.35%). The number 
of cases with a strongly positive IRS score was higher in 
non-erosive OLP (76.47%) than erosive OLP (61.54%). 
However, there were no significant differences in the 
intensity of stained cells and IRS score of Cys-A 
expression between the two groups (P  =  0.163 and 
P = 0.201, respectively) [Table 3]. These data indicated 
that Cat-B expression may be related to OLP severity.

Correlation between cat-b and cys-a in hg and olp

Next, the associations between Cat-B and Cys-A 
expression in HG and OLP were evaluated by 
Spearman’s rank correlation analysis. The result 
suggested that there was a high positive correlation 
between Cat-B and Cys-A expression in HG (r = 0.691, 
P < 0.001), whereas no correlation between Cat-B and 
Cys-A expression in OLP was detected (r  =  −0.003, 
P = 0.986). Based on the type of OLP, there was a weak 
negative correlation between the expression of Cat-B 
and Cys-A in erosive OLP (r  =  −0.294, P  =  0.330). 

However, a weak positive correlation between the two 
markers was observed in non-erosive OLP (r = 0.337, 
P = 0.186) [Table 4].

Discussion

The present study evaluated the expression of Cat-B and 
Cys-A in OLP by IHC. Our results showed that in OLP, 
Cat-B expression was observed as cytoplasmic staining 
in the epithelial cells, whereas Cys-A expression was 
shown in the nucleus and cytoplasm of the epithelium. 
An increase in Cat-B staining intensity was exhibited 
in the basal cells. Contrarily, the high staining intensity 
of Cys-A was observed in the stratum spinosum. In 
HG, Cat-B expression showed a relatively consistent 
intensity in the epithelial layer. The Cys-A expression 
in HG was similar to OLP with a lower staining 
intensity. In addition, the mean percentage of positive 
cells and the IRS score of Cat-B and Cys-A in OLP 
were significantly higher than in HG. These results are 
consistent with the studies of Satelur et  al.,[10] which 
was the only study conducted on Cat-B expression in 
OLP. They found that Cat-B was expressed in moderate 
intensity and located in the cytoplasm of epithelial 
cells, mainly in the basal and stroma cells closest to the 
basement membrane. The Cat-B expression was also 
found in normal mucosa, but with a lower number of 
cases (six in 10 cases) in comparison with this study (29 
in 30 cases).[10]

Table 2: Expression of cathepsin B and cystatin A
Cathepsin B Cystatin A

Oral lichen 
planus (n = 30)

Healthy gingival 
(n = 30)

P value Oral lichen 
planus (n = 30)

Healthy gingival 
(n = 30)

P value

Percentage of positive cells       
  Mean ± SD (%) 53.58 ± 16.24 29.47 ± 25.77 <0.001 63.43 ± 19.87 56.85 ± 28.35 <0.001
Score A (score of percentage of 
positive cells), n (%)

      

  0 = no positive cells 0 (0) 1 (3.3) <0.001 0 (0) 2 (6.7) 0.182
  1 = <10% 0 (0) 9 (30.0) 0 (0) 2 (6.7)
  2 = 10%–50% 10 (33.3) 13 (43.3) 9 (30.0) 8 (26.7)
  3 = >50%–80% 19 (63.3) 6 (20.0) 14 (46.7) 10 (33.3)
  4 = >80% 1 (3.3) 1 (3.3) 7 (23.3) 8 (26.6)
Score B (intensity of staining), n (%)       
  0 = no color 0 (0) 1 (3.3) 0.254 0 (0) 2 (6.7) 0.018
  1= mild 7 (23.3) 16 (53.3) 2 (6.7) 4 (13.3)
  2 = moderate 14 (46.7) 8 (26.7) 6 (20.0) 10 (33.3)
  3 = intense 9 (30.0) 5 (16.7) 22 (73.3) 14 (46.7)
IRS score (A × B), n (%)       
  0–1 = negative 0 (0) 9 (30.0) 0.014 0 (0) 4 (13.3) 0.008
  2–3 = mild 7 (23.3) 9 (30.0) 2 (6.7) 2 (6.7)
  4–8 = moderate 14 (46.7) 8 (26.7) 7 (23.3) 12 (40.0)
  9–12 = strongly positive 9 (30.0) 4 (13.3) 21 (70.0) 12 (40.0)
IRS = immunoreactive score, SD = standard deviation



571Journal of International Society of Preventive and Community Dentistry  ¦  Volume 11  ¦  Issue 5  ¦  September-October 2021

Bangsuwan, et al.: Cathepsin B and cystatin A in oral lichen planus

Even though there was only one prior study of Cat-B 
conducted in OLP, the expression of Cathepsin K (Cat-
K) and Cathepsin L (Cat-L) in OLP was previously 
reported and suggested to be involved in OLP 
pathogenesis. Kitkhajornkiat et al. showed that Cat-L 
expression in OLP was more significant than in HG. 
The Cat-L expression pattern was reported as dot-like 
staining appearances, increased density in the basal 
cells, and intense staining in the inflammatory cells near 
the basement membrane.[18] Cat-K was also expressed 
in OLP with a small, granule staining pattern in the 
cytoplasm of melanocytes, macrophages, fibroblasts, 
and endothelial cells. Besides, intense staining was also 
found in the basal cells.[19] In this study, Cat-B exhibited 

a similar expression pattern to Cat-L and Cat-K. Thus, 
Cat-B may also play a role in OLP pathogenesis as well 
as Cat-L and Cat-K.

The MHC class  II molecules are associated with 
antigen presentation, expressed by Langerhans cells 
or keratinocytes, which is one of the antigen-specific 
mechanisms involved in OLP pathogenesis.[1,2] Cat-B 
plays a role in the invariant chain cleavage and antigen 
processing in the immune system. The degradation of the 
invariant chain results in MHC class II binding of antigens 
and presenting them to the immune system.[20] A study of 
rat hepatocytes also showed that Cat-B was involved in 
cell death through TNF-α mediated apoptosis.[21] Also, 
the function of Cat-B is probably related to the OLP 
histopathological features, showing an accumulation 
of lymphocytes, the apoptosis of keratinocytes, and the 
degeneration of basal cells. The data from prior studies 
may explain the significance of Cat-B immuno-expression 
in basal cells of OLP compared with HG in this study.

We also observed that Cat-B expression in erosive OLP 
was greater than in non-erosive OLP. A previous study 
reported that Cat-B could regulate the manifestations 
and severity of mercury-induced inflammation and 
autoimmunity. An increase in Cat-B activity has 
been observed in mercury-induced autoimmunity 

Table 3: Expression of cathepsin B and cystatin A in erosive and non-erosive OLP
Variables Type of OLP P value

Erosive OLP, n = 13 (100%) Non-erosive OLP, n = 17 (100%)
Cathepsin B Percentage of positive cells    

Mean ± SD (%) 59.39 ± 14.95 49.14 ± 16.19 0.087a

Intensity of staining    
  1 = mild 2 (15.39) 5 (29.41) 0.120b

  2 = moderate 5 (38.46) 9 (52.94)
  3 = intense 6 (46.15) 3 (17.65)
IRS score    
  Score 0–1 = negative 0 (0) 0 (0) 0.031b

  Score 2–3 = mild 2 (15.39) 5 (29.41)
  Score 4–8 = moderate 5 (38.46) 9 (52.94)
  Score 9–12 = strongly positive 6 (46.15) 3 (17.65)

Cystatin A Percentage of positive cells    
  Mean ± SD (%) 58.02 ± 21.52 67.56 ± 18.10 0.198a

Intensity of staining    
  1 = mild 2 (15.39) 0 (0) 0.163b

  2 = moderate 3 (23.07) 3 (17.65)
  3 = intense 8 (61.54) 14 (82.35)
IRS score    
  Score 0–1 = negative 0 (0) 0 (0) 0.201b

  Score 2–3 = mild 2 (15.38) 0 (0)
  Score 4–8 = moderate 3 (23.08) 4 (23.53)
  Score 9–12 = strongly positive 8 (61.54) 13 (76.47)

IRS = immunoreactive score, OLP = oral lichen planus, SD = standard deviation
aData were analyzed using unpaired t-test
bData were analyzed using Spearman’s rank correlation

Table 4: Correlation between the expression of cathepsin B 
and cystatin A in each test group

Markers Cystatin A

Cathepsin B Healthy gingiva R 0.691
P value <0.001

Oral lichen planus R −0.003
P value 0.986

Erosive oral lichen planus R −0.294
P value 0.330

Non-erosive oral lichen 
planus

R 0.337
P value 0.186
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(mHgIA)-sensitive mice in comparison with mHgIA-
resistant mice. Further, treatment with a Cat-B inhibitor 
resulted in transient reduction of local induration and the 
expression of inflammatory cytokines.[22] These findings 
may help explain the reason why the immuno-expression 
of Cat-B was significantly outstanding in erosive OLP 
than in non-erosive OLP. The data may also suggest that 
Cat-B expression might be linked to the OLP severity.

However, the imbalance between Cathepsins and 
their inhibitors seemed to play a role in inflammatory 
diseases.[23] There has been some controversy over the 
correlation between the expression of Cat-B and Cys-
A, especially in human cancers. Some studies reported 
an inverse relationship between Cat-B and Cys-A, 
whereas some reported an upregulation of both Cat-B 
and Cys-A levels.[12-15] In this study, Cat-B and Cys-A 
immuno-expression was increased in OLP. One possible 
explanation could be an increase in Cat-B expression 
resulting in an increase in Cys-A expression. However, 
Cys-A expression may not be sufficient to prevent the 
Cat-B-induced keratinocyte apoptosis in OLP. It is worth 
mentioning that a high positive correlation between Cat-B 
and Cys-A immuno-expression was detected in HG, 
suggesting that an increase in Cat-B would correspond to 
an increase in Cys-A expression. Interestingly, we did not 
find a correlation between Cat-B and Cys-A expression 
in OLP in this study. The data may indicate that the 
activities of Cat-B and Cys-A are altered in OLP.

Nevertheless, this study has limitations. Some clinical 
parameters of OLP that are based on chart reviews 
maybe missing and cannot be analyzed, such as the 
presence of symptoms and pain score. In addition, the 
sample size in this study is limited. Thus, the study of 
Cat-B and Cys-A expression in a larger sample size is 
required for more accurate results and interpretations. 
However, to the best of our knowledge, there is no 
previous report on the relationship between Cat-B and 
Cys-A in OLP. Therefore, the results from this study 
could provide a better understanding of the roles of 
Cat-B and Cys-A in the pathogenesis of OLP.

Conclusion

In conclusion, this study showed an increase in the 
expression of Cat-B and Cys-A in OLP, suggesting that 
Cat-B and Cys-A may play a role in OLP pathogenesis. 
Besides, Cat-B expression may be useful to determine 
the severity of OLP.

Acknowledgments

The authors thank Ms. Utamaporn Boonzong 
for specimen preparation, Mr. Simon Mclver for 
proofreading the article, and Dr.Aroonwan Lam-Ubol 
for a critical reading of their article.

Financial support and sponsorship

This study was funded by the Faculty of Dentistry, 
Srinakharinwirot University.

Conflicts of interest

There are no conflicts of interest.

Authors’ contributions

PB contributed to study conception, methodology, 
data collection, data analysis and interpretation, 
article writing—original draft preparation, critical 
revision of  the article, and final approval of  the 
article. WH contributed to methodology, data analysis 
and interpretation, and final approval of  the article. 
PJ contributed to study conception, methodology, 
critical revision of  the article, and final approval 
of  the article. ST contributed to study conception, 
methodology, and final approval of  the article. PT 
contributed to study conception, methodology, data 
collection, data analysis and interpretation, article 
writing—original draft preparation, critical revision 
of  the article, supervision, funding acquisition, and 
final approval of  the article.

Ethical policy and institutional review board statement

The research project was approved by the 
Ethical Committee for Research in Human 
Subjects at Srinakharinwirot University, no. 
DENTSWU-EC29/2563X.

Patient declaration of consent

Not applicable.

Data availability statement

The data set used in the current study is available 
on request from Patrayu Taebunpakul, e-mail: 
pathraya@g.swu.ac.th

References
1.	 DeAngelis  LM, Cirillo  N, McCullough  MJ. The 

immunopathogenesis of oral lichen planus—Is there a role 
for mucosal associated invariant T cells? J Oral Pathol Med 
2019;48:552-9.

2.	 Alrashdan  MS, Cirillo  N, McCullough  M. Oral lichen 
planus: A  literature review and update. Arch Dermatol Res 
2016;308:539-51.

3.	 Honey K, Rudensky AY. Lysosomal cysteine proteases regulate 
antigen presentation. Nat Rev Immunol 2003;3:472-82.

4.	 Jakoš T, Pišlar A, Jewett A, Kos J. Cysteine cathepsins in tumor-
associated immune cells. Front Immunol 2019;10:2037.

5.	 Campden  RI, Zhang  Y. The role of lysosomal cysteine 
cathepsins in NLRP3 inflammasome activation. Arch Biochem 
Biophys 2019;670:32-42.

6.	 Ha  SD, Martins  A, Khazaie  K, Han  J, Chan  BM, Kim  SO. 
Cathepsin B is involved in the trafficking of TNF-alpha-
containing vesicles to the plasma membrane in macrophages. J 
Immunol 2008;181:690-7.

7.	 Noda  S, Asano  Y, Akamata  K, Aozasa  N, Taniguchi  T, 
Takahashi T, et al. A possible contribution of altered cathepsin 



573Journal of International Society of Preventive and Community Dentistry  ¦  Volume 11  ¦  Issue 5  ¦  September-October 2021

Bangsuwan, et al.: Cathepsin B and cystatin A in oral lichen planus

B expression to the development of skin sclerosis and 
vasculopathy in systemic sclerosis. Plos One 2012;7:e32272.

8.	 Wang  H, Wang  Z, Wang  L, Sun  L, Liu  W, Li  Q, et  al. IL-6 
promotes collagen-induced arthritis by activating the NLRP3 
inflammasome through the cathepsin B/S100A9-mediated 
pathway. Int Immunopharmacol 2020;88:106985.

9.	 Vidak E, Javorsek U, Vizovisek M, Turk B. Cysteine cathepsins 
and their extracellular roles: Shaping the microenvironment. 
Cells 2019;8:264.

10.	 Satelur  KP, Bopaiah  S, Bavle  RM, Ramachandra  P. Role of 
cathepsin B as a marker of malignant transformation in oral 
lichen planus: An immunohistochemical study. J Clin Diagn 
Res 2017;11:ZC29-32.

11.	 Turk D, Guncar G. Lysosomal cysteine proteases (cathepsins): 
Promising drug targets. Acta Crystallogr D Biol Crystallogr 
2003;59:203-13.

12.	 Strojnik T, Zajc I, Bervar A, Zidanik B, Golouh R, Kos J, et al. 
Cathepsin B and its inhibitor stefin A in brain tumors. Pflugers 
Arch 2000;439:R122-3.

13.	 Li C, Chen L, Wang J, Zhang L, Tang P, Zhai S, et al. Expression 
and clinical significance of cathepsin B and stefin A in laryngeal 
cancer. Oncol Rep 2011;26:869-75.

14.	 Leto G, Tumminello FM, Pizzolanti G, Montalto G, Soresi M, 
Gebbia N. Lysosomal cathepsins B and L and stefin A blood 
levels in patients with hepatocellular carcinoma and/or 
liver cirrhosis: Potential clinical implications. Oncology 
1997;54:79-83.

15.	 Lin  YY, Chen  ZW, Lin  ZP, Lin  LB, Yang  XM, Xu  LY, 
et  al. Tissue levels of stefin A  and stefin B in hepatocellular 
carcinoma. Anat Rec (Hoboken) 2016;299:428-38.

16.	 van  der  Meij  EH, van  der  Waal  I. Lack of clinicopathologic 
correlation in the diagnosis of oral lichen planus based on 
the presently available diagnostic criteria and suggestions for 
modifications. J Oral Pathol Med 2003;32:507-12.

17.	 Fedchenko  N, Reifenrath  J. Different approaches for 
interpretation and reporting of immunohistochemistry analysis 
results in the bone tissue—A review. Diagn Pathol 2014;9:221.

18.	 Kitkhajornkiat  A, Rungsiyanont  S, Talungchit  S, 
Jirawechwongsakul  P, Taebunpakul  P. The expression of 
cathepsin L in oral lichen planus. J Oral Biol Craniofac Res 
2020;10:281-6.

19.	 Siponen  M, Bitu  CC, Al-Samadi  A, Nieminen  P, Salo  T. 
Cathepsin K expression is increased in oral lichen planus. J Oral 
Pathol Med 2016;45:758-65.

20.	 Xu M, Capraro GA, Daibata M, Reyes VE, Humphreys RE. 
Cathepsin B cleavage and release of invariant chain from 
MHC class II molecules follow a staged pattern. Mol Immunol 
1994;31:723-31.

21.	 Guicciardi ME, Deussing J, Miyoshi H, Bronk SF, Svingen PA, 
Peters C, et al. Cathepsin B contributes to TNF-alpha-mediated 
hepatocyte apoptosis by promoting mitochondrial release of 
cytochrome c. J Clin Invest 2000;106:1127-37.

22.	 Toomey CB, Cauvi DM, Hamel JC, Ramirez AE, Pollard KM. 
Cathepsin B regulates the appearance and severity of mercury-
induced inflammation and autoimmunity. Toxicol Sci 
2014;142:339-49.

23.	 Cork  MJ, Robinson  DA, Vasilopoulos  Y, Ferguson  A, 
Moustafa M, MacGowan A, et al. New perspectives on epidermal 
barrier dysfunction in atopic dermatitis: Gene-environment 
interactions. J Allergy Clin Immunol 2006;118:3-21; quiz 22-3.


