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Assessment of serum granulysin and cathepsin-L levels in vitiligo patients
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INTRODUCTION
Vitiligo is an acquired systemic disease characterized by selec-
tive destruction of melanocytes1,2. Although etiopathogenesis 
is not clearly known, many theories (genetics, autoimmunity, 
oxidative stress, production of inflammatory mediators, and 
melanocyte separation mechanisms) have been proposed to 
explain the pathogenesis3. Among these theories, the autoim-
munity theory is the most widely accepted4.

Both innate immunity and acquired immunity play a role 
in the pathogenesis of vitiligo5. Specifically, natural killer (NK) 
cells play the main role in innate immunity and melanocyte-spe-
cific CD8+ cytotoxic T lymphocytes (CTLs) in acquired immu-
nity5,6. Both cells exert their cytotoxic activities through the 
cytolytic molecules they contain in large amounts7.

Granulysin is a cytolytic protein found in the granules of 
CTLs and NK cells, acting synergistically with perforin and 
inducing apoptosis7,8. Serum granulysin level is considered a 
useful indicator that can be used to assess cytotoxic immunity7.

Cathepsin-L, which is a member of the lysosomal cyste-
ine protease family, plays an important role in regulating the 
immune response by contributing to antigen presentation, 
adhesion, and migration, as well as cytokine and growth fac-
tor degradation9,10. It is suggested that this molecule may be a 
useful indicator for assessing cellular immunity11.

This study investigates whether granulysin and cathep-
sin-l could be indicators of cell-mediated cytotoxicity in the 
pathogenesis of vitiligo and whether their levels measured in 
the acute phase could be markers that can help predict disease 
activity and prognosis of vitiligo.

METHODS
This randomized prospective case-control study was conducted in 
a single center between January and November 2021. A total of 46 
vitiligo patients and 46 healthy volunteers of similar age and gen-
der were included in the study. Before the study, ethical approval 
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SUMMARY
OBJECTIVE: Cellular and humoral immunity plays a role in the pathogenesis of vitiligo. T lymphocytes and natural killer cells involved in cellular 

immunity carry out their cytotoxic activities through perforin/granzyme-dependent granule exocytosis, in which granulysin and cathepsin-L are also 

involved. The aim of this study was to investigate the possible role of serum granulysin and cathepsin-L in the etiopathogenesis of vitiligo and their 

association with disease activity and severity.

METHODS: This randomized, prospective case-control study was conducted with 46 vitiligo patients admitted to the hospital for vitiligo between 

January and November 2021 and 46 healthy volunteers of similar age and gender. Serum levels of granulysin and cathepsin-L were measured by the 

enzyme-linked immunosorbent assay method.

RESULTS: The mean serum levels of granulysin and cathepsin-L were statistically significantly higher in vitiligo patients compared with the control 

group (p=0.048 and p=0.024, respectively). There was no statistically significant correlation between serum granulysin and serum cathepsin-L levels 

and disease severity in the patient group (r=0.30, p=0.062 and r=0.268, p=0.071, respectively). Disease activity also showed no significant association 

with serum granulysin and cathepsin-L levels (p=0.986 and p=0.962, respectively).

CONCLUSION: Although granulysin and cathepsin-L are molecules involved in the pathogenesis of vitiligo, the use of these molecules may not be 

helpful in assessing disease activity and severity. It may be helpful to conduct comprehensive and prospective studies to find new molecules to fill 

the gap in this area.

KEYWORDS: Vitiligo. Granulysin. Cathepsin L. Autoimmunity. Cellular immunity.

https://doi.org/10.1590/1806-9282.20231107
http://orcid.org/0000-0001-5445-6140
http://orcid.org/0000-0003-2999-2691
http://orcid.org/0000-0001-9045-2518
http://orcid.org/0000-0001-8808-1287
http://orcid.org/0000-0001-8134-9965
http://orcid.org/0000-0002-9665-015X
http://orcid.org/0000-0002-9252-7015
mailto:aogrum@yahoo.com


2

Rev Assoc Med Bras. 2024;70(5):e20231107

Granulysin and cathepsin-L levels in vitiligo

(20-CREC-297) was obtained from the clinical research ethics 
committee. All patients and healthy volunteers included in the 
study gave their verbal and written informed consent. The rules of 
the Declaration of Helsinki of the World Medical Association were 
followed during the study. Subjects between the ages of 18 and 65 
years diagnosed with vitiligo were included in the study. Subjects 
with findings/diseases that could affect serum levels of granulysin and 
cathepsin-L (allergic, autoimmune, and/or chronic inflammatory 
systemic and/or skin diseases, phototherapy in the past 3 months, 
infections in the past 1 month, immunosuppression, or malignancy) 
and pregnant and lactating subjects were excluded from the study.

A dermatologic examination of all study participants was per-
formed by the same physician. In addition to demographic char-
acteristics such as age, gender, and body mass index (BMI) of the 
patient and control groups, the presence of autoimmune diseases 
(including vitiligo) and atopy in the family was asked, and the data 
were recorded. In addition, in the patient group, vitiligo onset age, 
localization, disease duration, vitiligo subtype (diffuse, acrofacial, 
or focal), koebnerization, mucosal involvement, leukotrichia, and 
presence of halo nevus were determined by interview.

The vitiligo area severity index (VASI) was used to eval-
uate the disease severity of the patient group, and the vitil-
igo disease activity score (VIDA) was used to evaluate dis-
ease activity. If vitiligo started before 10 years of age, it was 
defined as early onset, and if it started after 10 years of age, 
it was defined as late onset12. Those with a VIDA score of <0 
were classified as stable, and those with a VIDA score of >1 
were classified as active vitiligo13.

The patient and control groups underwent clinical and lab-
oratory evaluation (e.g., fasting blood glucose, TSH, free T4, 
antithyroglobulin antibody, antithyroid peroxidase antibody, 
vitamin B12, and hemogram) to rule out autoimmune, aller-
gic, and/or chronic inflammatory systemic and/or skin diseases.

Measurement of granulysin and cathepsin-L in serum
Peripheral venous blood samples placed in a gel biochemistry 
tube after fasting for at least 8 h were stored at room tempera-
ture for 20 min to coagulate and then centrifuged at 3,000 rpm 
for 10 min. After centrifugation, serum was separated, filled into 
Eppendorf tubes, and stored at –80°C until the day of the study.

Serum samples brought to room temperature before the 
study day were analyzed separately using the enzyme-linked 
immunosorbent assay (ELISA) method.

For the measurement of granulysin in serum, the BT LAB 
brand ELISA kit for human granulysin was used with a reference 
range of 0.5–100 ng/mL; for the measurement of cathepsin-L 
in serum, the BT LAB brand ELISA kit for human cathepsin-L 
was used with a reference range of 0.1–40 ng/mL.

Statistical analysis
Descriptive analyses were performed for the general character-
istics of the study groups. Categorical data were presented as 
numbers (n) and percentages (%). When numerical data were 
normally distributed, they were expressed as mean±standard 
deviation, and when they were not normally distributed, they 
were expressed as median (min–max). The association between 
continuous variables was determined with the Pearson correlation 
test; the agreement of variables with normal distribution was 
assessed with the Kolmogorov-Smirnov test. For the compari-
son of continuous variables by groups, the independent-sam-
ple t-test and the one-way analysis of variance (ANOVA) were 
used as parametric tests; the Kruskal-Wallis test and the Mann-
Whitney U test were used as non-parametric tests. Comparison 
of categorical variables by groups was performed with the chi-
square test and Fisher’s exact chi-square test.

All analyses were performed with the Statistical Package for 
Social Sciences program (SPSS Inc., Chicago, IL) version 20.0. 
Statistical significance was accepted as p<0.05 in all comparisons.

RESULTS
A total of 46 vitiligo patients and 46 healthy volunteers were 
included in the study. There were 24 women (52.2%) and 
22 men (47.8) in the patient group and 23 women (50%) 
and 23 men (50%) in the control group. The mean ages of the 
patient and control groups were 31.22±10.91 and 32.72±9.47 
years, respectively (p=0.483), and the age and gender distribu-
tions of the patient and control groups were similar (p=0.835). 
The family history of vitiligo was significantly higher in the 
patient group than in the control group (p=0.003).

When vitiligo was classified according to clinical subtypes, 
diffuse vitiligo was present in 27 patients (58.7%), acral/acro-
facial vitiligo in 12 patients (26.1%), and focal vitiligo in 7 
patients (15.2%). Three of the patients (6.5%) had early-on-
set vitiligo, and 43 (93.5%) had late-onset vitiligo. The mean 
disease duration was 5.51±5.01 years (0.08–19 years), and 
the disease onset age was 25.84±12.12 years (6–55.75 years).

The clinical characteristics of vitiligo patients are shown in Table 1.
The median VASI score of the patients was 1 (0.1–46.15), 

VIDA score was -1 in 10.9%, 0 in 21.7%, +1 in 2.2%, +2 in 
17.4%, +3 in 15.2%, and +4 in 32.6%.

Serum levels of granulysin and cathepsin-L were statistically 
significantly higher in the patient group than in the control 
group (p=0.048 and p=0.024, respectively) (Table 2).

There was no statistically significant correlation between 
serum granulysin and cathepsin-L levels and age, BMI, disease 
onset age, duration, and severity in the patient group.
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No statistically significant association was found between 
serum granulysin and cathepsin-L levels and gender, Fitzpatrick 
skin type, concomitant halo nevus, leukotrichia, mucosal 
involvement, presence of Koebner, disease activity, and vitil-
igo subtype (p>0.05).

A very high positive correlation was found between serum 
granulysin and cathepsin-L levels in vitiligo patients (Table 3).

DISCUSSION
Vitiligo is a disease whose treatment and clinical follow-up 
are difficult because its etiopathogenesis is not clear14. There is 
a need for molecules and parameters that will help clinicians 
overcome these difficulties and provide clues to disease sever-
ity, activity status, and clinical course. There are a very limited 
number of recent studies on the possible role of granulysin and 
cathepsin-L in the etiopathogenesis of vitiligo and as indicators 
of disease severity and activity15,16. To the best of our knowledge, 
this study is the first to simultaneously investigate the possible 
role of these two molecules in the pathogenesis of vitiligo as 
indicators of cellular immunity and cytotoxicity.

Vitiligo is a chronic, acquired, systemic disease that affects 
melanocytes in the body, particularly in the basal layer of the 
epidermis, and takes an unpredictable clinical course1,2. Although 
the pathogenesis is not fully understood, the autoimmune theory 
is the most widely accepted theory on the subject17. The efficacy 
of biological and targeted therapies used in vitiligo patients in 
recent years supports the autoimmune theory18,19.

Both cellular immunity and humoral immunity play a role in 
the pathogenesis of vitiligo, an autoimmune disease. Recent studies 
support the view that specific cytotoxic T cells (CD8+ T cells) are 
responsible for the destruction of melanocytes by releasing mainly 
type 1 cytokines such as TNF α and IFN-γ20,21. CXC chemokines 
such as CXCL 9, CXCL10, and CXCL11, which are induced by 
IFN-γ, are those most strongly associated with the recruitment of 
CTLs in the epidermis. These chemokines act on melanocytes by 
binding to the CXCR3 receptor, and in recent years, studies in 
mouse models have shown the importance of the IFN-γ-CXCL10-
CXCR3 axis in melanocyte destruction in vitiligo22,23.

Cytotoxicity is an essential component of the cell-mediated 
immune system and is a multifactorial process. NK cells and 
CD8+ T cells are the two major cytotoxic cell populations. 
NK and CD8+ T cells initiate targeted cell death by inducing 
apoptosis. There are many cytolytic molecules stored in gran-
ules that initiate apoptosis, including perforin, granzyme, gran-
ulysin, and cathepsin-L24-26. The granulysin level in serum is 
considered an important indicator for the assessment of cyto-
toxic immunity7.

In a recent study, Mohammed et al.15 investigated gran-
ulysin levels in vitiligo and found that serum granulysin lev-
els are higher in vitiligo patients than in healthy volunteers, 
similar to this study, and that the molecular level is not asso-
ciated with disease severity and activity. In another recent 
study, granulysin levels were found to be higher in the patient 
group than in healthy volunteers, and unlike this study, a pos-
itive correlation was found between the molecule and disease 
severity and activity16.

Table 1. Clinical characteristics of vitiligo patients.

Characteristic n (%)

Vitiligo subtype

Diffuse 27 (58.7)

Acral/acrofacial 12 (26.1)

Focal 7 (15.2)

Disease onset age
Early onset (<10 years) 3 (6.5)

Late onset (>10 years) 43 (93.5)

Disease duration
<15 years 43 (93.5)

>15 years 3 (6.5)

Disease activity status
Active 31 (67.4)

Stable 15 (32.6)

Halo nevus
(+) 2 (4.3)

(-) 44 (95.7)

Leukotrichia
(+) 25 (54.3)

(-) 21 (45.7)

Koebnerization
(+) 10 (21.7)

(-) 36 (78.3)

Mucosal involvement
(+) 9 (19.6)

(-) 37 (80.4)

+: present; -: absent.

Table 2. Serum granulysin and cathepsin-L levels of the patient and 
control groups.

Patient 
(median±SD)

Control 
(median±SD)

p

Serum 
granulysin 
level (ng/mL)

45.53±31.42 34.26±21.53 0.048

Serum 
cathepsin-L 
level (ng/mL)

13.98±10.84 9.61±6.92 0.024

Statistically significant p-values are denoted in bold.

Table 3. Correlation between serum granulysin and cathepsin-L levels 
in the patient group.

Serum cathepsin-L level (ng/mL)

Serum granulysin 
level (ng/mL)

r 0.975

p 0.000

Statistically significant p-value is denoted in bold.
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Oba et al.27 from our country, who examined serum gran-
ulysin levels before and after treatment with tofacitinib in 
patients with alopecia areata, found that the serum granulysin 
levels decreased significantly after treatment compared with 
baseline and that this molecule level was correlated with the 
immunological activity of alopecia areata. Similar to alopecia 
areata patients, the serum granulysin level in this study was also 
statistically significantly higher in the patient group than in the 
control group. However, no correlation was found between 
granulysin level, disease activity, and severity.

Cathepsins are lysosomal proteases that play a role in many 
important biological processes, such as proteolytic processing 
of proenzymes, antigen presentation, inflammation, cell pro-
liferation, differentiation, and apoptosis28. Cathepsin-L, which 
belongs to this group and plays a role in various phases of the 
innate and adaptive immune response, also has important 
functions in the regulation of epidermal homeostasis and the 
hair cycle9,29,30. Cathepsin L2, which has a very similar protein 
sequence to cathepsin-L, has been reported to be expressed at 
higher levels in keratinocytes from lightly pigmented skin than 
in darkly pigmented skin31.

CD 8+ T cells contribute significantly to cell death and tis-
sue destruction in inflammatory skin diseases such as psoriasis 
and lichen planus32. In an animal experiment conducted by 
Yamada et al.33, to determine the effect of inhibiting cathep-
sin-L on T cell-mediated autoimmunity, they found that inhi-
bition of cathepsin-L prevented the cytotoxic activity of CD8+ 
T cells in pancreatic islets in mice with autoimmune type 1 
diabetes. They suggested that cathepsin-L may be a new target 
molecule that can be used in the treatment of type 1 diabetes.

In this study, although cathepsin-L levels were significantly 
higher in vitiligo patients than in the control group, the mole-
cule concentration was not associated with disease activity and 

severity. However, it would be useful to investigate this issue 
in a prospective and large series of studies.

CONCLUSION
The etiopathogenesis of vitiligo is still not clearly understood. 
Although granulysin and cathepsin-L are molecules that play a 
role in the etiopathogenesis of vitiligo, they may not be useful 
for the assessment of disease severity and activity. New mol-
ecules are needed to assess the activity, severity, and potential 
course of vitiligo disease.

ETHICAL APPROVAL
Ethical approval (20-CREC-297) was obtained from the clin-
ical research ethics committee.

PATIENT CONSENT STATEMENT
All patients and healthy volunteers included in the study gave 
their verbal and written informed consent.

AUTHORS’ CONTRIBUTIONS
CY: Conceptualization, Data curation, Formal Analysis, 
Funding acquisition, Investigation, Methodology, Resources, 
Visualization, Writing – original draft. AA: Conceptualization, 
Data curation, Formal Analysis, Investigation, Methodology, 
Project administration, Resources, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & 
editing. YEK: Formal Analysis, Software, Validation. MS: 
Supervision, Validation. OK: Data curation, Writing – review 
& editing.

REFERENCES
1. Kyriakis KP, Palamaras I, Tsele E, Michailides C, Terzoudi S. 

Case detection rates of vitiligo by gender and age. Int J 
Dermatol. 2009;48(3):328-9. https://doi.org/10.1111/j.1365-
4632.2009.03770.x

2. Zhang Z, Xu SX, Zhang FY, Yin XY, Yang S, Xiao FL, et al. The analysis 
of genetics and associated autoimmune diseases in Chinese vitiligo 
patients. Arch Dermatol Res. 2009;301(2):167-73. https://doi.
org/10.1007/s00403-008-0900-z

3. Bergqvist C, Ezzedine K. Vitiligo: a review. Dermatology. 
2020;236(6):571-92. https://doi.org/10.1159/000506103

4. Poojary SA. Vitiligo and associated autoimmune disorders: a 
retrospective hospital-based study in Mumbai, India. Allergol 
Immunopathol. 2011;39:356-61. https://doi.org/10.1016/j.
aller.2010.12.007

5. Bergqvist C, Ezzedine K. Vitiligo: a focus on pathogenesis and its 
therapeutic implications. J Dermatol. 2021;48(3):252-70. https://
doi.org/10.1111/1346-8138.15743

6. Yu R,  Broady R,  Huang Y,  Wang Y,  Yu J,  Gao M, et  al . 
Transcriptome analysis reveals markers of aberrantly activated 
innate immunity in vitiligo lesional and non-lesional skin. PLoS 
One. 2012;7(12):e51040. https://doi.org/10.1371/journal.
pone.0051040

7. Ogawa K, Takamori Y, Suzuki K, Nagasawa M, Takano S, Kasahara 
Y, et al. Granulysin in human serum as a marker of cell-mediated 
immunity. Eur J Immunol. 2003;33(7):1925-33. https://doi.
org/10.1002/eji.200323977

8. Gamen S, Hanson DA, Kaspar A, Naval J, Krensky AM, Anel A. 
Granulysin-induced apoptosis. I. Involvement of at least two 
distinct pathways. J Immunol. 1998;161(4):1758-64. PMID: 
9712041

https://doi.org/10.1111/j.1365-4632.2009.03770.x
https://doi.org/10.1111/j.1365-4632.2009.03770.x
https://doi.org/10.1007/s00403-008-0900-z
https://doi.org/10.1007/s00403-008-0900-z
https://doi.org/10.1159/000506103
https://doi.org/10.1016/j.aller.2010.12.007
https://doi.org/10.1016/j.aller.2010.12.007
https://doi.org/10.1111/1346-8138.15743
https://doi.org/10.1111/1346-8138.15743
https://doi.org/10.1371/journal.pone.0051040
https://doi.org/10.1371/journal.pone.0051040
https://doi.org/10.1002/eji.200323977
https://doi.org/10.1002/eji.200323977


5

Rev Assoc Med Bras. 2024;70(5):e20231107

Yazar C et al.

9. Ibrahim ZA, Ashmawy AA, El-Naby NM, Ghoraba HM. 
Immunohistochemical expression of cathepsin L in atopic dermatitis 
and lichen planus. Indian J Dermatol. 2015;60(1):13-20. https://
doi.org/10.4103/0019-5154.147779

10. Bylaite M, Moussali H, Marciukaitiene I, Ruzicka T, Walz M. 
Expression of cathepsin L and its inhibitor hurpin in inflammatory 
and neoplastic skin diseases. Exp Dermatol. 2006;15(2):110-8. 
https://doi.org/10.1111/j.1600-0625.2005.00389.x

11. Kos J, Jevnikar Z, Obermajer N. The role of cathepsin X in cell 
signaling. Cell Adh Migr. 2009;3(2):164-6. https://doi.org/10.4161/
cam.3.2.7403

12. Mahajan VK, Verma YR, Mehta KS, Chauhan PS, Sharma R, Sharma 
A, et al. Adults with a more extensive body involvement, moderate 
to extremely severe vitiligo and a prolonged clinical course have 
an early onset in childhood in addition to other prognostic factors 
as compared to individuals with later-onset vitiligo. Australas J 
Dermatol. 2021;62(1):e24-8. https://doi.org/10.1111/ajd.13417

13. Yu H, Lin X, Huang Y, Cheng H, Seifert O. The difference in expression 
of autophagy-related proteins in lesional and perilesional skin in 
adult patients with active and stable generalized vitiligo-A cross-
sectional pilot study. Indian J Dermatol. 2021;66(4):331-6. https://
doi.org/10.4103/ijd.IJD_774_19

14. Bertolani M, Rodighiero E, Felici Del Giudice MB, Lotti T, Feliciani 
C, Satolli F. Vitiligo: what’s old, what’s new. Dermatol Rep. 
2021;13(2):9142. https://doi.org/10.4081/dr.2021.9142

15. Mohammed GF, Elhusseıny RM, Alkhateeb AHM. Evaluation of 
granulysin level in active vitiligo. QJM Int J Med. 2023;116(Suppl 
1):hcad069.219. https://doi.org/10.1093/qjmed/hcad069.219

16. Salama AM, Mustafa AI, Abdelhalim WA, Zohdy HA. Estimation of 
serum granulysin in vitiligo patients. Benha J Appl Sci. 2023;8(1):41-2. 
https://doi.org/10.21608/BJAS.2023.185783.1026

17. Tarlé RG, Nascimento LM, Mira MT, Castro CC. Vitiligo--part 1. 
An Bras Dermatol. 2014;89(3):461-70. https://doi.org/10.1590/
abd1806-4841.20142573

18. Karagaiah P, Schwartz RA, Lotti T, Wollina U, Grabbe S, Goldust M. 
Biologic and targeted therapeutics in vitiligo. J Cosmet Dermatol. 
2023;22(1):64-73. https://doi.org/10.1111/jocd.14770

19. Passeron T. First step in a new era for treatment of patients with 
vitiligo. Lancet. 2020;396(10244):74-5. https://doi.org/10.1016/
S0140-6736(20)30747-9

20. Rezaei N, Gavalas NG, Weetman AP, Kemp EH. Autoimmunity 
as an aetiological factor in vitiligo. J Eur Acad Dermatol 
Venereol. 2007;21(7):865-76. https://doi.org/10.1111/j.1468-
3083.2007.02228.x

21. Seneschal J, Harris JE, Poole IC, Passeron T, Speeckaert R, Boniface 
K. Editorial: immunology of vitiligo. Front Immunol. 2021;12:711080. 
https://doi.org/10.3389/fimmu.2021.711080

22. Speeckaert R, Belpaire A, Speeckaert M, Geel N. The delicate 
relation between melanocytes and skin immunity: a game of hide 
and seek. Pigment Cell Melanoma Res. 2022;35(4):392-407. 
https://doi.org/10.1111/pcmr.13037

23. Rashighi M, Agarwal P, Richmond JM, Harris TH, Dresser 
K, Su MW, et al. CXCL10 is critical for the progression and 
maintenance of depigmentation in a mouse model of vitiligo. Sci 
Transl Med. 2014;6(223):223ra23. https://doi.org/10.1126/
scitranslmed.3007811

24. Chávez-Galán L, Arenas-Del Angel MC, Zenteno E, Chávez 
R, Lascurain R. Cell death mechanisms induced by cytotoxic 
lymphocytes. Cell Mol Immunol. 2009;6(1):15-25. https://doi.
org/10.1038/cmi.2009.3

25. Blott EJ, Griffiths GM. Secretory lysosomes. Nat Rev Mol Cell Biol. 
2002;3(2):122-31. https://doi.org/10.1038/nrm732

26. D’Angelo ME, Bird PI, Peters C, Reinheckel T, Trapani JA, Sutton 
VR. Cathepsin H is an additional convertase of pro-granzyme B. J 
Biol Chem. 2010;285(27):20514-9. https://doi.org/10.1074/jbc.
M109.094573

27. Oba MC, Askin O, Balci Ekmekci O, Serdaroglu S. Correlation 
between serum granulysin level and clinical activity in patients 
with alopecia areata before and after tofacitinib therapy. J Cosmet 
Dermatol. 2021;20(3):971-5. https://doi.org/10.1111/jocd.13598

28. Dickinson DP. Cysteine peptidases of mammals: their biological 
roles and potential effects in the oral cavity and other tissues in 
health and disease. Crit Rev Oral Biol Med. 2002;13(3):238-75. 
https://doi.org/10.1177/154411130201300304

29. Perišić Nanut M, Sabotič J, Jewett A, Kos J. Cysteine cathepsins 
as regulators of the cytotoxicity of NK and T cells. Front Immunol. 
2014;5:616. https://doi.org/10.3389/fimmu.2014.00616

30. Joseph LJ, Chang LC, Stamenkovich D, Sukhatme VP. Complete 
nucleotide and deduced amino acid sequences of human and 
murine preprocathepsin L. An abundant transcript induced by 
transformation of fibroblasts. J Clin Invest. 1988;81(5):1621-9. 
https://doi.org/10.1172/JCI113497

31. Chen N, Seiberg M, Lin CB. Cathepsin L2 levels inversely correlate 
with skin color. J Invest Dermatol. 2006;126(10):2345-7. https://
doi.org/10.1038/sj.jid.5700409

32. Aghamajidi A, Raoufi E, Parsamanesh G, Jalili A, Salehi-Shadkami 
M, Mehrali M, et al. The attentive focus on T cell-mediated 
autoimmune pathogenesis of psoriasis, lichen planus and vitiligo. 
Scand J Immunol. 2021;93(4):e13000. https://doi.org/10.1111/
sji.13000

33. Yamada A, Ishimaru N, Arakaki R, Katunuma N, Hayashi Y. Cathepsin 
L inhibition prevents murine autoimmune diabetes via suppression 
of CD8(+) T cell activity. PLoS One 2010;5(9):e12894. https://doi.
org/10.1371/journal.pone.0012894

https://doi.org/10.4103/0019-5154.147779
https://doi.org/10.4103/0019-5154.147779
https://doi.org/10.1111/j.1600-0625.2005.00389.x
https://doi.org/10.4161/cam.3.2.7403
https://doi.org/10.4161/cam.3.2.7403
https://doi.org/10.1111/ajd.13417
https://doi.org/10.4103/ijd.IJD_774_19
https://doi.org/10.4103/ijd.IJD_774_19
https://doi.org/10.4081/dr.2021.9142
https://doi.org/10.1093/qjmed/hcad069.219
https://doi.org/10.21608/BJAS.2023.185783.1026
https://doi.org/10.1590/abd1806-4841.20142573
https://doi.org/10.1590/abd1806-4841.20142573
https://doi.org/10.1111/jocd.14770
https://doi.org/10.1016/S0140-6736(20)30747-9
https://doi.org/10.1016/S0140-6736(20)30747-9
https://doi.org/10.1111/j.1468-3083.2007.02228.x
https://doi.org/10.1111/j.1468-3083.2007.02228.x
https://doi.org/10.3389/fimmu.2021.711080
https://doi.org/10.1111/pcmr.13037
https://doi.org/10.1126/scitranslmed.3007811
https://doi.org/10.1126/scitranslmed.3007811
https://doi.org/10.1038/cmi.2009.3
https://doi.org/10.1038/cmi.2009.3
https://doi.org/10.1038/nrm732
https://doi.org/10.1074/jbc.M109.094573
https://doi.org/10.1074/jbc.M109.094573
https://doi.org/10.1111/jocd.13598
https://doi.org/10.1177/154411130201300304
https://doi.org/10.3389/fimmu.2014.00616
https://doi.org/10.1172/JCI113497
https://doi.org/10.1038/sj.jid.5700409
https://doi.org/10.1038/sj.jid.5700409
https://doi.org/10.1111/sji.13000
https://doi.org/10.1111/sji.13000
https://doi.org/10.1371/journal.pone.0012894
https://doi.org/10.1371/journal.pone.0012894

