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Renal cell carcinoma (RCC) is one of the most common types of cancers, representing about 2.3% of all
malignancies throughout the world. In RCC, Cathepsin B (CtsB) plays a major role in signalling pathways,
processing, and intracellular protein degradation. CtsB is involved in tumour cell invasion, matrix remod-
elling and metastasis and this mechanism was controlled by natural inhibitors. In this study targeted
methylation changes were analyzed in primary renal cancer and metastatic tissues and the expression
of CtsB was analyzed in RCC and compared with normal cells. The levels of CpG methylation of Runt-
trelated transcription factor 3 (RUNX3) were analyzed. The decreased level of RUNX3 was observed in
metastatic tissues due to CpG methylation. The increased methylation in CpG islands increased metasta-
sis and was associated with RUNX3. The amount of CtsB mRNA was high in the RCC tissues than in sur-
rounding normal tissues. Increased expression of CtsB was observed in RCC. Overexpression of CtsB was
confirmed by Western blotting analysis and expression of CtsB increased the proliferation of RCC. The
present finding revealed that CtsB has a major role in the development and proliferation of RCC.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Renal cell carcinoma (RCC) is one of the common kidney neo-
plasia and is reported at 3 % in women and 5 % in men, respectively
(Capitanio et al., 2019). In most of cases, RCCs are commonly diag-
nosed in 25 % of patients in the early stages at the time of clinical
diagnosis. In recent years, therapeutic approaches have developed
continuously to improve the health of patients associated with
RCC, however, the survival of individuals with metastatic disease
is very less (Patel et al., 2019). Kidney cancer is one of the most
important risky solid tumours worldwide and more than 400,000
cases and about 175,000 deaths were reported in 2018 (Ferlay
et al., 2019). RCC accounts for about 90 % of all kidney tumours
and the clear cell (ccRCC) is an important type of kidney tumour.
About 70 % of the RCC is associated with localized diseases; how-
ever 30 % of RCC will relapse after surgical procedure (Janzen
et al., 2003). Moreover, the possibility of reappearance of RCC will
be based on different histopathological and clinical characteristics,
which were included in up to twenty various scoring systems char-
acterized by heterogeneity (Meskawi et al., 2012). Renal cell carci-
noma is classified as chromophobe (5 %), papillary (10–15 %), clear
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cell (75–80 %) and renal cell carcinoma. Despite recent advances in
very early diagnosis and advanced treatment, the individuals asso-
ciated with RCC are still suffered from increased mortality. In this
aspect, continuous effort on early diagnosis of RCC, progression,
pathogenesis, important diagnostic markers and novel pharmaco-
logical targets are required (Vasudev et al., 2020).

Several genes associated with the modifications of histone have
been reported by various sequencing projects in ccRCC and a lower
frequency of mutations was reported. These include histone
demethylases (JARID1C and UTX) and histone methylases (SETD2
and MLL2) (van Haaften et al., 2009). Epigenetic alterations play
a potent role in the progression and development of human can-
cers. DNA methylation analysis is state of art method utilized
widely in cancer disease due to the reversible property of the bio-
logical processes underlying DNA methylation process (Pan et al.,
2018). DNA methylation is used to demonstrate the importance
of clinically relevant adverse pathological parameters. Recent stud-
ies revealed the specific associations between unfavourable
histopathological characteristics and DNA methylation (Peters
et al., 2018), shorter recurrence-free or cancer-specific survival
(Atschekzei et al., 2012), metastatic disease (Tezval et al., 2016),
and the predicted response to anti-angiogenic therapy (Peters
et al., 2014). The main objective of the present study was to ana-
lyze the genetic markers to diagnose RCC in earlier stages.
2. Materials and methods

2.1. Specimens

Thirteen RCC patients admitted to renal cancer treatment were
subjected to this analysis after written consent by patients. All
experimental procedures were approved by the Institutional Ethi-
cal Committee (2983/2021–21). The pathological properties of
selected patients were analyzed using clinical history. The patient’s
age, sex, tumour type, stage and pathological conditions were
registered.

2.2. Renal cell culture

Metastatic renal tissues and primary renal patient cancer tis-
sues were derived from the abdomen region between July 2020
and November 2021. A spring scissor was used to cut a small piece
of cancer tissue and subjected to collagenase treatment. After
30 min incubation at 32 ± 2 �C, the reaction mixture was cen-
trifuged 500 g for 20 min. The final pellet was mixed with Dul-
becco’s Modified Eagle Medium (DMEM) culture medium
incorporated with fetal bovine serum (FBS) and antibiotics (strep-
tomycin and penicillin). The prepared renal cancer cells were cul-
tured in DMEM with FBS (10 %) and incubated at 37 �C in a CO2

incubator.

2.3. Quantitative methylation-specific PCR and analysis

The expression of genes with CpG islands in their promoters
was quantified in this study using quantitative RT-PCR arrays.
The main aim of the study was to analyze the methylation-
regulated genes linked with metastasis. Quantitative
methylation-specific PCR was carried out as suggested previously
(Moller et al., 2017).

2.4. Cathepsin B expression

2.4.1. In vitro culture of human renal cancer cell lines
The cell lines, A498 and 769-P were obtained from American

Type Culture Collection and were grown under aseptic condition
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using the culture medium (RPMI 1640). The tissue culture medium
was supplemented with fetal bovine serum (10 %) and incubated
with 1 % antibiotics (streptomycin and penicillin). It was incubated
at 37 �C in a humidified chamber containing 5 % CO2. The cell lines
were analyzed and ensured free of any contamination (Keppler
et al., 2000).
2.4.2. Isolation of RNA and Real-Time polymerase chain reaction
analysis (RT-qPCR)

RNA was extracted from the renal cancer individuals from both
healthy and tumour tissues using a commercial RNA isolation kit
(Qiagen, Germany), according to the manufacturer’s instruction.
Then complementary DNA was derived from mRNA using a com-
mercial kit (Qiagen, Germany). A nanodrop spectrophotometer
was used to determine the quality of the synthesized DNA. Further,
the expression of genes was quantitatively analyzed using RT-qPCR
by cDNAs as suitable templates. The PCR reaction consists of for-
ward (F-5ˊ-TTCTTGCGACTCTTGGGACTTC-3ˊ) and reverse (R-
5ˊTGACGAGGATGACAGGGA ACTA-3ˊ) primers for the determina-
tion of Cathepsin B expression. PCR reaction was performed for
35 cycles and the quantification value was determined based on
relative expression change of CTSB compared with the internal
standard (Patel et al., 2019).
2.5. Transfection analyses

2.5.1. CTSB overexpression in renal cancer cells (A498 and 769-P cells)
A498 and 769-P cells were grown up to 70 % confluence by stan-

dard method using RPMI 1640 medium. After 70 % confluence, it
was washed with Dulbecco’s phosphate-buffered saline and was
digested with trypsin. It was centrifuged and the cells were resus-
pended in fresh culture medium containing 10 % FBS. The cells
were further transfected with pcDNA-3.1-CTSB and an empty plas-
mid was considered as the control. Then human CTSB cDNA was
subcloned into expression vector according to the manufacturer’s
instructions (Qiagen, Germany). After transfection, the cells were
harvested after 2nd, 3rd and 4th day and transfection potential
was tested after four days. The experiment was performed in trip-
licates and an average value was used for analysis.
2.5.2. Knockdown of CTSB gene in A498 and 769-P cells
Renal cancer cells (A498 and 769-P) were grown in tissue cul-

ture medium and grown up to 70 % confluence. It was transfected
with short hairpin RNAs (shRNAs) and used for the silencing of
CTSB. shRNA sequences used for silencing were, F-5ˊ-
TGAATTCCCAA CACGTCACCGGAGAGATAAGATCT3ˊ and R-5ˊ-ATAG
TCGACCCAACACGTCAC CGGAGAGATTAGATCTTAT-3ˊ. These
sequences were further cloned into the pCI-neo using EcoR1 vec-
tor. The selected plasmids were used to transfect A498 and 769-P
cell lines for 96 h according to the manufactures instruction. The
efficiency of knockdown method was tested using Western blot-
ting analysis. The reduction was considerably high after three days
and the experiment was repeated three times and an average value
was considered for analysis (Patel et al., 2019).
2.5.3. Knockdown analyses
The cells (A498 and 769-P) after transfections were washed

with phosphate buffered saline and harvested. It was treated with
lysis buffer with protease inhibitor cocktail. The cell lysates were
subjected for the determination of proteins and the proteins were
resolved using 12 % sodium dodecyl sulphate polyacrylamide gel
electrophoresis. The expression of CtsB was evaluated using pri-
mary and secondary antibodies.
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2.6. Analysis of A498 and 769-P cells proliferation

The renal cancer cell lines were maintained in 96-well plates
and incubated for 12 h. These cells were transfected with specific
constructs. After 48 h incubation, the cells were cultured in
RPMI-1640 medium supplemented with 10 % FBS and maintained
for three days. Then (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte
trazolium bromide) (MTT) was added to each wells and incubated
for 6 h. After 6 h incubation, MTT solution was decanted and MTT
solvent was applied and vortexed for 15 min. The cell density was
measured using a microplate reader at 490 nm (Patel et al., 2019).
2.7. Statistical analysis

Statistical analysis was performed by three different experi-
ments (n = 3) and the result was expressed as mean ± SD. The dif-
ference between the experimental and control groups was
determined using was student’s t test. The p value < 0.01 was con-
sidered as significant.
3. Results

3.1. Clinical history of RCC patients

The age, gender, histopathology and stage of tumour specimens
were described in Table 1. Patient’s age ranged between 49 and
82 years. Among the 13 specimens, only 3 were obtained from
the female patients and the remaining 10 were sourced from the
male patients. Renal-cell carcinomas (RCC) develop from the
epithelium of the renal cells and this account for approximately
85 % of renal cancers and have different subtypes. In this study,
only 15.4 % samples were papillary RCC type, and the remaining
84.6 % were clear cell RCC type.
Table 1
Histopathological observation of RCC from various age groups.

Reference No Age Sex Histopathology Stage*

F0010 49 F Clear cell RCC I
M0062 54 M Papillary RCC I
M0063 68 M Clear cell RCC II
F0079 73 F Clear cell RCC I
M0083 82 M Clear cell RCC III
M0085 65 M Papillary RCC I
F0087 51 F Clear cell RCC I
M0091 75 M Clear cell RCC I
M0094 69 M Clear cell RCC I
M0096 73 M Clear cell RCC II
M0099 65 M Clear cell RCC I
M0106 81 M Clear cell RCC II
M0109 77 M Clear cell RCC II

*Stages were broadly classified into three stages.

Fig. 1. Immunohistochemical staining of the expressions of RUNX3 in

3

3.2. Analysis of CpG methylation in renal cancer tissues

CpG methylation analysis was performed using metastatic and
primary renal cancer cells. The amount of CpG methylation was
high in patient’s diagnosed metastatic renal cancer. Tumour size
varied between primary and metastasis were statistically signifi-
cant (p < 0.001). The present findings revealed that increased
CpG methylation was associated with renal cancer. In CpG expres-
sion, low expression was observed in metastasis, whereas this per-
centage was increased in primary renal cancer tissues (p < 0.001).
High CpG expression was observed in metastasis and decreased
expression level was observed in primary renal cancer cells
(p < 0.001).
3.3. Down regulation of RUNX3 in metastatic cancer tissues

Gene array was performed to identify the patterns of gene
expression regulated by methylation between primary renal can-
cer and metastatic renal cancer. Immunohistochemical staining
revealed the expressions of RUNX3 in metastatic renal cancer
and showed positive reactivity (Fig. 1). Down regulation was
observed in RUNX3 gene. Western blot analysis revealed the
decreased expression of RUNX3 in metastatic cancer compared
with primary renal cancer (Fig. 2).
3.4. CtsB mRNA expression in RCC tissues

The amount of CtsB mRNA expression increased in RCC tissues
and was associated with other pathophysiological conditions. A
total of 13 samples from RCC patients were used in this study
and CTSB transcript analyses were performed on kidney tumour
cells and surrounding normal kidney tissues. RT-qPCR analysis
revealed increased expression of CtsB gene than normal cells in
kidneys. In normal cells, expression of CtsB gene was found to be
high in older patients (greater than70 ages).
primary (a) and metastatic renal cancer (b) (25X magnification).

Fig. 2. Western blot analysis of RUNX3 in the primary renal cancer (a) and
metastatic renal cancer cells (b).
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3.5. Cathepsin B expression and correlation with RCC tissues

The expression of CtsB gene was positively correlated with RCC
and normal kidney cells. The total expression of CtsB was high in
primary renal tissues, protein expressions were decreased in the
tumour samples. In certain samples, protein expression was not
changed compared with non-cancer tissues (Fig. 3).
Fig. 5. Silencing of cathepsin B in A498 and 769-P cells. CtsB expression was
analyzed by Western blotting analysis in A498 and 769-P after transfection with
shCTSB. Tubulin was used as the housekeeping protein (C-control; E-experiment).
3.6. Influence on CtsB protein expression and cell proliferation

The expression of CtsB gene was confirmed in vitro using A498
and 769-P cancer cells. The present finding revealed overexpres-
sion of CtsB and the result was described in Fig. 4. To confirm the
expression of CtsB, knocked-down experiment was performed to
suppress the expression of CtsB in cancer cell lines, A498 and
769-P using short hairpin RNA vectors (shSTFA and shCTSB). Wes-
tern blotting analysis revealed that the expression of CtsB protein
and reduced after shCTSB treatment (Fig. 5). Down regulation of
CtsB protein was observed in our study. CtsB overexpression and
knocked-out effects were analyzed on A498 and 769-P cell prolif-
eration and the result was compared with control cells transfected
with control vectors. In this study, we analyzed an improved
growth in both A498 and 769-P cell lines after overexpression of
CtsB (p < 0.01) (Fig. 6).
Fig. 6. Influence of CtsB overexpression and proliferation of renal cancer cell lines.
CtsB overexpression was determined by MTT assay. The cancer cell lines were
incubated in 96-well plates and treated with MTT and the cells viability was
4. Discussion

In the present study, we analyzed the differentially expressed
genes in primary and metastatic renal cancer tissues. RUNX3 gene
and most of the expressed genes were down-regulated in meta-
Fig. 3. CtsB protein expression in healthy tissues and renal cell carcinoma cells. The expression of CtsB was analyzed in the control and infected tissues by western blot
analysis and protein fold changes were analyzed by Log10T/NT. The figure shows the ratio between normal tissue (NT) and cancer tissue of CtsB in all tested 13 samples.

Fig. 4. Expression of CtsB in cancer cell lines induced StfA expression in vitro. CtsB expression was analyzed by Western blotting in A498 and 769-P after transfection with
plCTSB.

determined. The result was analyzed and the significant level was determined.
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static renal cancer with hypermethylation in CpG islands. In the
present study, RUNX3 expression was significantly reduced in
metastatic renal cancer tissues than in primary renal cancer tis-
sues. RUNX3 expression was high in normal renal tissues than in
adjacent renal cell carcinoma tissues. RUNX3 effectively sup-
pressed the invasion and migration of renal carcinoma cells and
targeted miR-6780a-5p/E-cadherin/EMT signals (Chen et al.,
2017). RUNX3 considerably decreased invasion and carcinoma cell
migration ability. It has been reported that the expression level of
RUNX3 was considerably decreased in clear cell renal carcinoma
cases and RUNX3 affected the metastatic abilities and proliferative
capacities of RCC by regulating TIMP1 and cyclins (He et al., 2012).
RUNX3 regulated the development of RCC and the possible role of
RUNX3 was analyzed in this study. RUNX3 gene has been stated to
be inactivated by aberrant methylation in colorectal, gastric, pan-
creatic, bile duct and renal cancers (Wada et al., 2004). The present
finding is highly correlated with the previous finding, as RUN3X
downregulation observed was due to methylation in CpG islands
in metastatic renal cancer tissues.

Renal cell carcinoma is characterized by specific clinical mani-
festations, unique biology, and prognostic outcomes. The molecu-
lar mechanism of RCC involved various molecular pathways and
the discovery of new biomarkers is useful for the treatment of can-
cers (Kato et al., 2013). The low pH-mediated cancer cell develop-
ment is involved in the degradation of the basement membrane, as
stated previously in melanoma, renal cell carcinoma, and ovarian
and breast cancer (Rothberg et al., 2013). Cathepsin expression is
not regulated in various tumour types and is effectively involved
in cancer progression, metastasis, angiogenesis and antibiotic
resistance. The activity of cathepsin was regulated by various nat-
ural inhibitors and these natural inhibitors interactive with their
active site irreversibly or reversibly (Phan et al., 2022). The present
study was consistent with previous findings that revealed
increased expression level of CtsB was associated with cancer
(Rempel et al., 1994).

The expression of CtsB was regulated by natural inhibitors in
cells. The present findings show that an increased level of CtsB
can effectively involved in tumour development. It was also
revealed that CtsB expression was correlated with STFA in normal
tissue and tumour cells. The increased expression of CTSB was
mainly associated with cancer cases. The decreased inhibitor activ-
ity in cancer accompanied by increase of CtsB in cancer can involve
the spreading of cancer cells (Xia et al., 2022). The improved level
of CtsB has been observed in normal kidney tissues of elder
patients, and this could be associated with the age-related role of
CtsB that was earlier reported in human serum, liver and rat’s brain
(Wyczałkowska-Tomasik and Pączek, 2012; Rudzińska et al., 2020).
CtsB has been detected in nucleus, mitochondria and cytosol and
regulates cellular division and cell death (Talukdar et al., 2016).
In a study, a GFP-tagged CtsB revealed that the optimum regulation
and presence of CtsB is critical for various cellular functioning, and
any variation in the expression of CtsB can affect the cell home-
ostasis and the development of malignant tumour (Baici et al.,
2006). The increased expression of CtsB in A498 and 769-P cells
increased in the development of RCC, and continuous hyperexpres-
sion was observed.
5. Conclusions

In recent years various tumour suppressor genes have been
identified and Runt-related transcription factor 3 is one of the
tumour suppressor genes. The present study revealed that methy-
lation plays an important role in the regulation of metastasis of
RCC and is related to Runt-related transcription factor 3 pathway
inhibitions. In RCC, CtsB gene is one of the biomarkersand the
5

expression of CtsB was determined in vitro. Runt-related transcrip-
tion factors 3 and CtsB are important biomarkers in RCC cells.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgment

The authors thanks Bule Hora University, Ethiopia for the sup-
port. The author MA Rathi, thank Karpagam Academy of Higher
Education for the support and encouragement. ‘‘The authors would
like to thank the Deanship of Scientific Research at Umm Al-Qura
University for supporting this work by Grant Code:
(22UQU4320141DSR62)”.
References

Atschekzei, F., Hennenlotter, J., Jänisch, S., Großhennig, A., Tränkenschuh, W.,
Waalkes, S., Peters, I., Dörk, T., Merseburger, A.S., Stenzl, A., Kuczyk, M.A., Serth,
J., 2012. SFRP1 CpG island methylation locus is associated with renal cell cancer
susceptibility and disease recurrence. Epigenetics 7 (5), 447–457.

Baici, A., Müntener, K., Willimann, A., Zwicky, R., 2006. Regulation of human
cathepsin B by alternative mRNA splicing: homeostasis, fatal errors and cell
death. Biol. Chem. 387, 1017–1021.

Capitanio, U., Bensalah, K., Bex, A., Boorjian, S.A., Bray, F., Coleman, J., Gore, J.L., Sun,
M., Wood, C., Russo, P., 2019. Epidemiology of renal cell carcinoma. Eur. Urol. 75
(1), 74–84.

Chen, F., Liu, X., Cheng, Q., Zhu, S., Bai, J., Zheng, J., 2017. RUNX3 regulates renal cell
carcinoma metastasis via targeting miR-6780a-5p/E-cadherin/EMT signaling
axis. Oncotarget 8 (60).

Ferlay, J., Colombet, M., Soerjomataram, I., Mathers, C., Parkin, D.M., Piñeros, M.,
Znaor, A., Bray, F., 2019. Estimating the global cancer incidence and mortality in
2018: GLOBOCAN sources and methods. Int. J. Cancer. 144 (8), 1941–1953.

He, L., Zhao, X., Wang, H., Zhang, P., Guo, C., Huang, C., Liu, X., Yao, F., Chen, Y.u., Lou,
W., Sun, S., Fan, D., Creighton, C., 2012. RUNX3 mediates suppression of tumor
growth and metastasis of human CCRCC by regulating cyclin related proteins
and TIMP-1. PLoS One 7 (3).

Janzen, N.K., Kim, H.L., Figlin, R.A., Belldegrun, A.S., 2003. Surveillance after radical
or partial nephrectomy for localized renal cell carcinoma and management of
recurrent disease. Urol. Clin. N. Am. 30 (4), 843–852.

Kato, Y., Ozawa, S., Miyamoto, C., Maehata, Y., Suzuki, A., Maeda, T., Baba, Y., 2013.
Acidic extracellular microenvironment and cancer. Cancer Cell Int. 13 (1), 1–8.

Keppler, D., Walter, R., Pérez, C., Sierra, F., 2000. Increased expression of mature
cathepsin B in aging rat liver. Cell Tissue Res. 302 (2), 181–188.

Meskawi, M., Sun, M., Trinh, Q.-D., Bianchi, M., Hansen, J., Tian, Z., Rink, M., Ismail, S.,
Shariat, S.F., Montorsi, F., Perrotte, P., Karakiewicz, P.I., 2012. A review of
integrated staging systems for renal cell carcinoma. Eur. Urol. 62 (2), 303–314.

Moller, M., Strand, S.H., Mundbjerg, K., Liang, G., Gill, I., Haldrup, C., Borre, M., Høyer,
S., Ørntoft, T.F., Sørensen, K.D., 2017. Heterogeneous patterns of DNA
methylation-based field effects in histologically normal prostate tissue from
cancer patients. Sci. Rep. 7 (1), 1–14.

Pan, Y., Liu, G., Zhou, F., Su, B., Li, Y., 2018. DNA methylation profiles in cancer
diagnosis and therapeutics. Clin. Exp. Med. 18 (1), 1–14.

Patel, H.D., Gupta, M., Joice, G.A., Srivastava, A., Alam, R., Allaf, M.E., Pierorazio, P.M.,
2019. Clinical stage migration and survival for renal cell carcinoma in the
United States. Eur. Urol. Oncol. 2 (4), 343–348.

Peters, I., Dubrowinskaja, N., Abbas, M., Seidel, C., Kogosov, M., Scherer, R., Gebauer,
K., Merseburger, A.S., Kuczyk, M.A., Grünwald, V., Serth, J., Zhang, Z., 2014. DNA
methylation biomarkers predict progression-free and overall survival of
metastatic renal cell cancer (mRCC) treated with antiangiogenic therapies.
PloS one 9 (3).

Peters, I., Dubrowinskaja, N., Hennenlotter, J., Antonopoulos, W.I., Von Klot, C.A.,
Tezval, H., Stenzl, A., Kuczyk, M.A., Serth, J., 2018. DNA methylation of neural
EGFL like 1 (NELL1) is associated with advanced disease and the metastatic
state of renal cell cancer patients. Oncol. Rep. 40 (6), 3861–3868.

Phan, V.V., Mosier, C., Yoon, M.C., Glukhov, E., Caffrey, C.R., O’Donoghue, A.J.,
Gerwick, W.H., Hook, V., 2022. Discovery of pH-Selective Marine and Plant
Natural Product Inhibitors of Cathepsin B Revealed by Screening at Acidic and
Neutral pH Conditions. ACS omega 7 (29), 25346–25352.

Rempel, S.A., Rosenblum, M.L., Mikkelsen, T., Yan, P.S., Ellis, K.D., Golembieski, W.A.,
Sameni, M., Rozhin, J., Ziegler, G., Sloane, B.F., 1994. Cathepsin B expression and
localization in glioma progression and invasion. Cancer Res. 54 (23), 6027–
6031.

Rothberg, J.M., Bailey, K.M., Wojtkowiak, J.W., Ben-Nun, Y., Bogyo, M., Weber, E.,
Moin, K., Blum, G., Mattingly, R.R., Gillies, R.J., Sloane, B.F., 2013. Acid-mediated

http://refhub.elsevier.com/S1018-3647(22)00511-0/h0005
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0005
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0005
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0005
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0010
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0010
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0010
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0015
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0015
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0015
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0020
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0020
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0020
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0025
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0025
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0025
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0030
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0030
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0030
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0030
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0035
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0035
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0035
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0040
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0040
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0045
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0045
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0050
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0050
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0050
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0055
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0055
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0055
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0055
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0055
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0055
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0055
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0065
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0065
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0070
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0070
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0070
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0075
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0075
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0075
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0075
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0075
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0080
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0080
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0080
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0080
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0085
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0085
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0085
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0085
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0090
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0090
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0090
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0090
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0095
http://refhub.elsevier.com/S1018-3647(22)00511-0/h0095


P. Vijayaragavan, M.A. Rathi, V.K. Gopalakrishnan et al. Journal of King Saud University – Science 34 (2022) 102330
tumor proteolysis: contribution of cysteine cathepsins. Neoplasia 15 (10),
1125–IN9.
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