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Original Article  The develop of new anticancer drug continues worldwide and one of the new therapeutic
targets to reach it is Otubain 1 (OTUBL1), since OTUBL1 has functions related to prognosis in
a variety of tumors and is strongly related to tumor proliferation, migration, and apoptosis by
their functions on deubiquitinating. This study uses OTUB1 s active site to develop a specific
pharmacological treatment to regulate the OTUB1 functions. The aim of this research was to
evaluate the effects of ten compounds (OT1 - OT10), that previously were selected by
molecular docking to develop a new anticancer drug to decrease the OTUB1 functions in the
cancer processes. We evaluated the cytotoxic effect of OT1 — OT10 compounds on MCF-7,
BT474 and MDA-MB 231 cells by MTT assay, and we determined characteristics of
apoptosis by western blot analysis. Then, the best compound (OT5) was analyzed by
molecular docking, molecular dynamics and theoretical toxicity for describing the
interactions of OT5 compound with the OTUB1’s active site. We proposed that the OT5
compound has a high probability to be selective against OTUB1, with an apoptosis
(regulating caspase-8) and cytotoxic effect on some cancer lines; 1C50 for MCF-7: 97 uM

Received: and MDA-MB 231:147 uM, as well as we described that this compound could have specific
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Introduction

The development of a new anticancer drug continues worldwide, we previously reported ten
compounds (OT1-0OT10) selected according to pharmacological characteristics and Lipinsky’s rules, and this
could interact with the Otubain 1 (OTUB1) (1), this protein is a promising therapeutic target against cancer,
due to the functional complexity of OTUBL1 in autophagy and immune response, researchers need to be more
careful when evaluating the prognostic value of OTUBL in different cancers and for poor prognosis (2), it is
a deubiquitinating enzyme that belongs to the OTU family of cysteine proteases (3,4), OTUB1 has multiple
functions, this enzyme can decrease the ubiquitination state of a protein by removing ubiquitin (canonical
activity) or prevent ubiquitin conjugation (non-canonical activity) (5,6). Examples of regulating processes
are immune response, factors that regulate interferon and NF-kB (7,8), and regulating many cancer-
associated signaling pathways including Mitogen- activated protein kinase (MAPK), Epithelial-
mesenchymal transition (EMT), Forkhead box protein M1 (FOXM1), Ras homologous A (RHOA),
mechanistic target of rapamycin complex 1 (mTORC1), c-Maf, cellular inhibitor of apoptosis-1 (c-1AP1),
and P53 to promote tumor cell survival, proliferation, invasiveness, prognosis, and therapeutic resistance (9-
13). Furthermore, OTUB1 has been reported to be present in many cancer tissues and has been negatively
associated with the poor condition of cancer patients, because OTUBLI is highly expressed in many cancers
and is known to inhibit the degradation of molecules that regulate cell proliferation due to the
abovementioned (5, 9, 14, 15). Otherwise, there are studies over the inhibition of the OTUBL1 (2,9), like in
the c- Maf axis by extracts that induces myeloma cell apoptosis, due to OTUBL stabilizes c-Maf by
preventing its polyubiquitination and enhances c-Maf transcriptional activity (13), as well as being identified
that the expression of OTUBL1 is very important for melanoma-cell survival (9).

On the other hand, OTUBL1 could regulate apoptosis in cancer cell, and the regulation of the TNF-related
apoptosis-inducing ligand (TRAIL) expression (9), thus for any development of anticancer drug is important
to generate apoptosis (16), and the extrinsic apoptotic pathway could be activated by activating the members
of the tumor necrosis factor alpha (TNFa) receptor super-family, which are usually called the death receptors
(i.e., Fas, also called CD95/Apo-1, DR4 and DR5, TNF receptors, TRAIL) (17). OTUBLI is related with
these receptors, for example, once that the level of TRAIL is increased, the oligomerization leading to the
formation of pro-caspase-8 and activating the death-inducing signaling complex is identified (9). Thus,
OTUBL1 could regulate TRIAL, since it has been identified that inhibiting OTUBL increases the function of
TRAIL, which leads to the activation of caspase-8, which is related to regulating cell death, through the
intrinsic or extrinsic pathway and that apoptosis-initiating caspases (2,8,9, and 10), and thus avoid
necroptosis (18,19). The caspase-8 may be at different levels of expression according to the type of cancer
(20,21), for example in MCF-7 and Esophageal carcinoma (ESCA) with overexpression of caspase-8, in
addition, are studies where it is reported that in MCF-7 the caspase-8 activation is an initiating event in DHA-
induced apoptotic cell death (22), even other studies relating to an OTUBL1 inhibitory effect (13,23), both
studies using OTUBL as therapeutic target (12) with promising results that demonstrated that OTUB1 might
be a good therapeutic target.

In this study, we evaluated ten compounds reported (1), that could interact near the catalytic site of
OTUB1 (Asp88, Cys91 and His265) (3,5,6), these compounds could decrease the deubiquitinating function
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of OTUBL for developing a cancer drug (5,9,11,12,24,25), by molecular docking, molecular dynamics
simulation, cytotoxicity, MTT, and western blot assays.

Materials and methods

Synthetic compounds

We use the compounds that previously reported OT1 — OT10 (1), these compounds were bought in
Chembridge Corp. (26) (ID- Chembridge: OT1-7988434, OT2-7501037, OT3-5194547, OT4-7986805, OT5-
7013154, OT6-7699311, OT7-5634266, OT8-7987933, OT9-5181121, and OT10-7661200). Purity of the
compound reported by the manufacturer was greater than 95% checked by LC/MS, the stock solutions for
compounds were prepared in DMSO (1-10 mM).
Cell Viability Assay

Cell culture reagents were purchased from Thermo-Fisher (Carlsbad, CA, U.S.A)), tissue culture plates
and other plastic materials were obtained from Corning Inc. Cell lines BT-474, MDA-MB-231, and MCF-7
were obtained from American Type Culture Collection (ATCC). Cells were cultured following the provider’s
recommendations, and the cytotoxic effect was determined by MTT assay as described previously; MTT was
obtained from Merck (Darmstadt, Germany) (27). Briefly, the cell lines were seeded (8 - 20 x 10° cells per
well). First, we used 100 uM concentration of each compound (OT1 — OT10) in 0.4 % DMSO incubated for
48 h to determine the cytotoxic effect, and if some compound had cytotoxic effect was determined the IC50
using concentrations between 10, 20, 50, 100, and 170 uM in 0.4 % DMSO incubated for 24 h. After 24 h,
the medium was aspirated, 20 pL of 5 mg/mL MTT reagent was added to each well and incubated for 4 h.
The excessive liquid was gently removed and 100 pL of DMSO (0.4 %) were added to the wells. Then, the
plate was read at 570 nm using the microtiter plate reader (uQuant, Bio-Tek Instrument, USA). The assays
were performed in triplicate in three independent studies and the percentage of viability was calculated
according to the formula: % viability= [mean Optical Density (O.D.) treated cellsx100]/ (mean O.D. control
cells). The concentration leading to 50% inhibition viability (IC50) was calculated by non-linear regression
analysis (percentage of viability vs. log concentration) with GraphPad Prism software ver. 8.0 software
(GraphPad, CA, USA).
Western blot to identify caspase-8 in Apoptosis effect

MCF-7 cells were seeded into a 6-well plate (400,000 cells per well) until they reached 90-95%
confluence. DMEM supplemented medium was replaced with DMEM experimental medium for 2h. Later,
cells were incubated with DMSO, 90 uM and 170 uM of OT5 compound for 24 h. Cells were washed with
PBS and lysed with lysis buffer (150 mM NaCl, 10 mM Tris, pH 7.4, 1% Triton X- 100, 0.5% NP40, EDTA,
0.2 mM sodium orthovana-date, 0.3 pM aprotinin,130 pM bestatin, 14 pM E- 64, and 1 uM leupeptin).
Proteins were separated by 10% SDS-PAGE and transferred to PVDF membranes. Membranes were blocked
at 37 °C for 1h in TBS/0.1% tween 5% low fat milk. Anti-pro-caspase-8 (sc-56070) and anti-f actin (sc-
47778) primary antibodies (Santa Cruz Biotechnology, USA). Anti-mouse secondary antibodies coupled to
Horseradish peroxidase from Thermo-Fisher. Chemiluminescence detection was performed using Immobilon
Western kit (Millipore, MA, U.S.A.) and X-ray film for some blots, for others Bio-Rad ChemiDoc XRS+
was used and a digital image was obtained.
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Description of the molecular interaction of cytotoxic compounds with OTUB1 by docking

Otubain 1 structure from the Protein Data Bank (28) (OTUBL, PDB code 3VON) was used for molecular
interaction using Molecular Operating Environment (MOE) following procedures previously reported (29-
31) and Protein-Ligand Interaction Profiler (29,32,33,34) to describe the interaction between compounds and
OTUBL1.
Molecular dynamics simulations of cytotoxic compounds with OTUB1

The complex of OTUB1 with compound OT5 generated by docking was used for molecular dynamics
simulation (MD). It was performed using Dynamics — MOE and OPLS-AA forcefield. At the beginning, in
two consecutives steps of 100 ps reaching a temperature of 300 K and a pressure of 1 bar. Finally, a 10 ns
MD was carried out. Furthermore, the interactions were analyzed.
Statistical analysis

Data’s results were expressed as mean + standard deviation (SD) of minimum three independent
experiments. Averages and standard deviations were calculated in Excel (365 Microsoft, USA). IC50 for
cytotoxicity of compounds were calculated using GraphPad Prism 8 Software (La Jolla, CA, USA).

Results

Cytotoxic effect of OT1 — OT10 compounds
In this study, we tested ten compounds (OT1 — OT10) that we reported previously to interact with
OTUBL1 (1). After the initial concentration at 100 uM of each compound, we determined only one compound
(OT5 compound) with cytotoxic effect at MCF-7 (ER+ cells), MDA-MB 231 (TNBC cells), and BT-474
(HER2+ cells) (Figure 1).
< ” . TR ’:{t & ‘! ," "3 W‘v
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Fig.1. BT-474 cell line after 48 h of incubation. A) Group control with DMSO as vehicle, B) Group of OT5 compound with 100 uM.
IC50 of OT5 compound

We determined the 1C50 using the results of the percentage of viability by MTT. Concentrations of OT5
compound between 10, 20, 50, 100, and 170 uM were used (Table 1). With these results, we determined an
IC50 of 97.2 £ 1.13 pM (MCF-7 cells) and 147.4 + 1.09 uM (MDA-MB-231 cells) for 24 h of incubation,
using the Graph Pad Prism 8.
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Table 1. Concentrations used of OT5 compound and viability percentage in in vitro cultures of MCF-7

and MDA-MB-231 cells.

Concentration (uM) Viability percentage of MCF-7 Viability percentage of MDA-MB-231
0 100 100

10 90 91

20 88 84

50 80 76

100 48 69

170 22 39

Apoptosis Assay

We made WB to determine pro-Caspase-8, and we identified that caspase-8 increased by OT5 compound
with 90 uM (near of IC50), and with 170 uM was identified cleaved caspase-8 (Figure 2) after 24 h of
incubation using MCF-7 cells. These results were related with the apoptosis effect by OT5 compound.

1 2 3

55 kDa e S Seee.  Pro-Casp-8

Cleaved casp-8
34 kDa

KDY — -actin

Fig.2. Western Blot assay for pro-caspase-8 and p-actin after 24 h of incubation in MCF-7 cells. Line 1: control with DMSO, line 2:
90 uM of OT5 compound and Line 3: 170 uM of OT5 compound.

Interaction of OT5 compound with OTUB1

According to the interactions report (1), OT5 compound could have interaction in the region between
Lys84, Asp88, Cys91, and His265 amino acids (Figure 3). The main interactions are in Asn45, Lys84, Arg86,
Pro87, Asp88, GInl65, Cys212, Arg262, Pro263, Gly264, and His265 in OTUBL. This reported particularly
a greater interaction with Arg86, Pro263 and His265 (mainly hydrogen bonding interaction in the conformers
analyzed), with these results, the catalytic site could be blocked, which is essential for the deubiquitinating
functions of OTUBL. The details of the interaction between OTUB1 with conformers of each compound are
shown in the previous report (1).
Molecular dynamics simulation

To study in more detail the complex OTUB1-OT5, 10 ns of molecular dynamics simulation was
performed. The root mean square deviation (RMSD) was analyzed, the data showed that the inhibitor formed
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a stable complex almost during simulation time, after 10 ns were stable in the main interactions, notably the
interactions with Lys84, Arg86 and Pro286 (Figure 4).

Fig.4. Interactions at 0, 5 and 10 ns frame from molecular dynamics simulation between OT5 compound and OTUBL1.
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The overall RMSD after 10 ns was 1.518 A, and specifically in the amino acids with the main
interactions, the RMSD were between 0.627 to 1.287 A (Table 2).

Table 2. Main interactions and RMSD of OT5 with OTUB1 between 0 — 10 ns.

Time Ligand Fsgsi%ﬁ)gs in OTUB1) Interaction Distance RMSD
0ns N PRO263 H-donor 3.16 -
6-ring LYS84 pi-cation 3.77 -
5ns N PRO263 H-donor 2.8 0.800
6-ring LYS84 pi-cation 3.6 0.886
ARG86 0.795
10 ns N PRO263 H-donor 2.77 1.207
LYS84 1.287
6-ring ARG86 pi-H 4.17 0.627
6-ring ARGB86 pi-H 4.16

Discussion

In this study, we evaluated ten compounds directed to the OTUBL’s active site to develop a specific
pharmacological treatment to regulate the OTUBL functions (mainly as deubiquitinating), someone of these
related to cancer progression, and immune response (35), that have increased the development of specific
inhibitors; for example, the 61 compounds with great results over lung cancer (36). Thus, our study focuses
on determining the OTUBL inhibitors effect over breast cancer. We determined that one compound (OT5)
has results enough to continue the development of this anticancer drug. We propose that the OT5 compound
could be regulating the deubiquitylating function of OTUBL1 (3, 35).

The in vitro results showed that OT5 compound has a cytotoxic effect and an apoptosis effect related to
regulate the caspase-8 determined by western blot. We determined the cytotoxic effect on different cell lines
(MCF-7, MDA-MB 231, and BT474) using 100 uM of OT5 compound, and it generated signals of apoptosis
and death cell, by loss of monolayer and changes morphological in cells (Figure 1) (9,37,38,39). As we had
mentioned, it is important to generate apoptosis in the studies to develop new anticancer drugs, and the
caspase-8 is a key protein of crosstalk signaling in a variety of cancers (40), and one of them, an anticancer
drug reported an increase of caspase-8 level after 24 to 72 h incubation (41), and MCF-7 cells are related to
the caspase-8 level increase with the apoptosis (19,42,43,44). Our results showed that OT5 compound has an
effect over caspase-8 that could justify the apoptosis effect by this compound after 24 h (Figure 2). In this
way, OT5 compound could be promoting the apoptosis, and this effect is related to an report in melanoma,
where in this study was generating/promoting the apoptosis by decreasing OTUB1 functions, and it increased
the expression of TRAIL and this increases apoptosis by caspase-8 (9), and it could be related to our results
(Figure 2), where with a low concentration of OT5 compound increased the concentration of caspase-8 and
identified as death cell, this effect could be related to an apoptotic effect of an anticancer compound, where
there is an increase in the pro-caspase-8 (55 kDa) and active-caspase-8 in some cancer lines (9,45), for
example in human bladder cancer (T24 cells) (46), colon cancer cells (DLDI) (47) and in MDA-MB 231
cells, so, in these studies, the caspase-8 concentration was maintained or increased, and all of them were
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related to apoptosis (38). On the other hand, OTUB1 has an important relation with c-MYC. Consequently,
OTUBL increases c-MYC protein levels, which increase glycolysis and tumor growth, and this is related in
breast cancer cells (MCF-7 and MDA-MB 231) (48). Therefore, the activation of c-MY C contributes to the
progression of multiple types of cancer (35).

To justify the cytotoxic and apoptosis effect, the in silico results of OT5 compounds showed that the
main interactions between OT5 and OTUB1 are with amino acids in a region considered as potential
therapeutic target (active site) (3,5,6) (Figures 3 and 4) that could regulate the c- Maf axis to generate
apoptosis (12) (13). The results of the molecular dynamics simulation showed that the interactions between
the OT5 compound with the active site (Figure 5) are stable, and we describe the main interactions of OT5
compound with OTUBL, the interactions are very similar either in the molecular docking and in the molecular
dynamics simulation; in the OTUB1’s active site (Table 2), these interactions could block the accessibility
to the catalytic site (Asp88, Cys91 and His265) and decreases some function of OTUBI. In this way, an
example of OTUBL inhibitor is the 61 compound tested in lung cancer, it interacts near the OTUBL’s active
site (36). Thus, according to some functions of OTUBL, it is reported that Asp88 and Cys91 are necessary to
OTUB1/c-Maf axis (12-13), and the OT5 compound could generate a disfunction of OTUB1, due to this
region essential for the deubiquitinating functions of OTUBL. Thus, we related our results with other studies
where OTUB1 was inhibited, it reduced their functions and the caspase-8 was activated, and all those studies
with an effect on the control of apoptosis (18, 19, 22, 40, 41, 42, 43, 44).

”

His265

. O
By
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o

Fig.5. OTUBI structure surface, the results of the molecular dynamics simulation after 10 ns. A) It shows the main amino acids’
interactions between the OT5 compound and the active site are stables. B) It shows the region of active site (white) and the colocation
of OT5 compound (pink), for blocking the access to active site.

Moreover, we expand the theoretical toxicity studies (49-51), and OT5 compound toxicity results are
potentially secure to be used in humans, as well as to propose the OT5 compound for pharmacophore
modeling studies (52-54), and reach to improve the anticancer effect of new molecules.

As conclusion, we propose the OT5 compound with high probability to be selective against OTUB1,
with an apoptosis and cytotoxic effect on some cancer lines. We describe that this compound could have
specific interactions in the catalytic domain of OTUBI, modifying this protein’s activity, decreasing the
OTUB1 functions, and probably safe for humans. Therefore, this study demonstrates the potential of OT5
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compound as anticancer drug, and other studies should be performed to continue the development of this
new anticancer drug.
Acknowledgments

The authors are very grateful to SNII-CONAHCYT, FMM-UABC and Dr. José Manuel Avendafio
Reyes.

References

1. Galindo-Hernandez O, Garcia-Salazar LA, Garcia-Gonzalez VG, et al. Potential inhibitors of the OTUB1 catalytic site to develop
an anti-cancer drug using in-silico approaches. Reports Biochem Mol Biol 2023; 11:684-93.

2. Zhang W, Qiu W. OTUBL1 recruits tumor infiltrating lymphocytes and is a prognostic marker in digestive cancers. Front Mol
Biosci 2020; 7:212.

3. Balakirev MY, Tcherniuk SO, Jaquinod M, et al. Otubains: a new family of cysteine proteases in the ubiquitin pathway. EMBO
Rep 2003; 4:517-22.

4. Wiener R, DiBello AT, Lombardi PM, et al. E2 ubiquitin-conjugating enzymes regulate the deubiquitinating activity of OTUBL.
Nat Struct Mol Biol 2013; 20:1033-9.

5. Saldana M, VanderVorst K, Berg AL, et al. Otubain 1: a non-canonical deubiquitinase with an emerging role in cancer. Endocr
Relat Cancer 2019; 26:R1-14.

6. Wu Q, Huang Y, Gu L, et al. OTUBL stabilizes mismatch repair protein MSH2 by blocking ubiquitination. J Biol Chem 2021,
296: 100466.

7. Jahan AS, Biquand E, Mufioz-Moreno R, et al. OTUBL is a key regulator of RIG-I-dependent immune signaling and is targeted
for proteasomal degradation by influenza A NS1. Cell Rep 2020; 30:1570-84.

8. Mulas F, Wang X, Song S, et al. The deubiquitinase OTUB1 augments NF-kB-dependent immune responses in dendritic cells in
infection and inflammation by stabilizing UBC13. Cell Mol Immunol 2021; 18:1512-27.

9. Lee B-S, Kang SU, Huang M, et al. OTUB1 knockdown promotes apoptosis in melanoma cells by upregulating TRAIL expression.
BMB Rep 2021; 54:608-13.

10. Sun X-X, Dai M-S. Deubiquitinating enzyme regulation of the p53 pathway: a lesson from Otubl. World J Biol Chem 2014;
5:75-84.

11. Sun X-X, Challagundla KB, Dai M-S. Positive regulation of p53 stability and activity by the deubiquitinating enzyme Otubain
1. EMBO J 2012; 31:576-92.

12. Xu Y, Xu M, Tong J, et al. Targeting the Otub1/c-Maf axis for the treatment of multiple myeloma. Blood 2021; 137:1478-90.
13.Sun T, Xu Y, Xu Z, et al. Inhibition of the Otubl/c-Maf axis by the herbal acevaltrate induces myeloma cell apoptosis. Cell
Commun Signal 2021; 19:24.

14. Liao Y, Wu N, Wang K, et al. OTUB1 promotes progression and proliferation of prostate cancer via deubiquitinating and stabling
cyclin E1. Front Cell Dev Biol 2021; 8.

15. Liu T, Jiang L, Tavana O, Gu W. The deubiquitylase OTUB1 mediates ferroptosis via stabilization of SLC7A11. Cancer Res
2019; 79:1913-24.

16. Ghotaslou A, Samii A, Boustani H, et al. AMG-232, a new inhibitor of MDM-2, enhances doxorubicin efficiency in pre-B acute
lymphoblastic leukemia cells. Reports Biochem Mol Biol 2022; 11:111-24.

17. Khosravi-Far R. Death receptor signals to the mitochondria. Cancer Biol Ther 2004; 3:1051-7.

International Journal of Molecular and Cellular Medicine. 2024; 13(4): 350-360


http://dx.doi.org/10.22088/IJMCM.BUMS.13.4.350
https://ijmcmed.org/article-1-2397-en.html

[ Downloaded from ijmcmed.org on 2025-08-18 ]

[ DOI: 10.22088/IIMCM.BUMS.13.4.350 ]

359 Potential OTUBL inhibitor/ Ayala A, et al

18. Boice A, Bouchier-Hayes L. Targeting apoptotic caspases in cancer. Biochim Biophys Acta - Mol Cell Res 2020; 1867:118688.
19. Jelinek M, Balusikova K, Schmiedlova M, et al. The role of individual caspases in cell death induction by taxanes in breast cancer
cells. Cancer Cell Int 2015; 15:8.

20. Stupack DG. Caspase-8 as a therapeutic target in cancer. Cancer Lett 2013; 332:133-40.

21. Uhlén M, Fagerberg L, Hallstrom BM, et al. Tissue-based map of the human proteome. Science 2015; 347.

22. Kang KS, Wang P, Yamabe N, et al. Docosahexaenoic acid induces apoptosis in MCF-7 cells in vitro and in vivo via reactive
oxygen species formation and caspase 8 activation. PLoS One 2010; 5:e10296.

23. Xu'Y, Sun T, Zeng K, et al. Anti-bacterial and anti-viral nanchangmycin displays anti-myeloma activity by targeting Otub1 and
c-Maf. Cell Death Dis 2020; 11:818.

24. Doherty LM, Mills CE, Boswell SA, et al. Integrating multi-omics data reveals function and therapeutic potential of
deubiquitinating enzymes. Elife 2022; 11:72879

25. Sivakumar D, Stein M. Binding of SARS-CoV covalent non-covalent inhibitors to the SARS-CoV-2 papain-like protease and
ovarian tumor domain deubiquitinases. Biomolecules 2021; 11:802.

26. ChemBridge Corp. EXPRESS-Pick Stock. Chemical structures available in hit2lead.com: https:// www. hit2lead.com/
search.asp? db= SC& SearchPage=id. Accessed 2024.

27. Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and cytotoxicity assays. J
Immunol Methods 1983; 65:55-63.

28. RCSB PDB. Crystal structure of the ubiquitin protease [Online Database]. Available from: https://www.rcsb.org/3d-view/3VON.
Accessed October 15, 2023.

29. Benitez-Cardoza CG, Vique-Sanchez JL. Potential inhibitors of the interaction between ACE2 and SARS-CoV-2 (RBD), to
develop a drug. Life Sci 2020; 256:117970.

30. Halgren TA. Merck molecular force field. I. Basis, form, scope, parameterization, and performance of MMFF94. J Comput Chem
1996; 17:490-519.

31. Vique-Sénchez JL. Potential inhibitors interacting in Neuropilin-1 to develop an adjuvant drug against COVID-19, by molecular
docking. Bioorg Med Chem 2021; 33:116040.

32. Soga S, Shirai H, Kobori M, et al. Use of amino acid composition to predict ligand-binding sites. J Chem Inf Model 2007;
47:400-6.

33. Adasme MF, Linnemann KL, Bolz SN, et al. PLIP 2021: expanding the scope of the protein—ligand interaction profiler to DNA
and RNA. Nucleic Acids Res 2021; 49:W530-4.

34. Salentin S, Schreiber S, Haupt VJ, et al. PLIP: fully automated protein—ligand interaction profiler. Nucleic Acids Res 2015;
43:W443-7.

35. Wu M, Sun L, Song T. OTUB1-mediated inhibition of ubiquitination: a growing list of effectors, multiplex mechanisms, and
versatile functions. Front Mol Biosci 2024; 10:1261273..

36. Tan L, Shan H, Han C, et al. Discovery of potent OTUB1/USP8 dual inhibitors targeting proteostasis in non-small-cell lung
cancer. J Med Chem 2022; 65:13645-59.

37. Balvan J, Krizova A, Gumulec J, et al. Multimodal holographic microscopy: distinction between apoptosis and oncosis. PL0S
One 2015; 10:e0121674.

38. Guvenir Celik E, Eroglu O, et al. Combined treatment with ruxolitinib and MK-2206 inhibits the JAK2/STATS5 and PI3SK/AKT
pathways via apoptosis in MDA-MB-231 breast cancer cell line. Mol Biol Rep 2023; 50:319-29.

International Journal of Molecular and Cellular Medicine. 2024; 13(4): 350-360


https://www.rcsb.org/3d-view/3VON
http://dx.doi.org/10.22088/IJMCM.BUMS.13.4.350
https://ijmcmed.org/article-1-2397-en.html

[ Downloaded from ijmcmed.org on 2025-08-18 ]

[ DOI: 10.22088/IIMCM.BUMS.13.4.350 ]

Potential OTUBL inhibitor/ Ayala A, et al 360

39. Mirsanei JS, Nazari M, Shabani R, et al. Does gold-silver core-shell nanostructure with alginate coating induce apoptosis in
human lymphoblastic tumoral (Jurkat) cell line? Rep Biochem Mol Biol 2023; 12:233-40.

40. Chai J, Lei Y, Xiang X, et al. High expression of caspase-8 as a predictive factor of poor prognosis in patients with esophageal
cancer. Cancer Med 2023; 12:7651-66.

41. Sharifi S, Barar J, Hejazi MS, et al. Doxorubicin changes Bax/Bcl-xL ratio, caspase-8 and -9 in breast cancer cells. Adv Pharm
Bull 2015; 5:351-9.

42.Gui C, Zhang C, Xiong X, et al. Total flavone extract from Ampelopsis megalophylla induces apoptosis in the MCF-7 cell line.
Int J Oncol 2021; 58:409-18.

43. Jamalzadeh L, Ghafoori H, Aghamaali M, et al. Induction of apoptosis in human breast cancer MCF-7 cells by a semi-synthetic
derivative of artemisinin: a caspase-related mechanism. Iran J Biotechnol 2017; 15:157-65.

44. Anguiano-Sevilla LA, Lugo-Cervantes E, Ordaz-Pichardo C, et al. Apoptosis induction of Agave lechuguilla Torrey extract on
human lung adenocarcinoma cells (SK-LU-1). Int J Mol Sci 2018; 19:3765.

45. Kuo HM, Tseng CC, Chen NF, et al. MSP-4, an antimicrobial peptide, induces apoptosis via activation of extrinsic Fas/FasL-
and intrinsic mitochondria-mediated pathways in one osteosarcoma cell line. Mar Drugs 2018; 16:8.

46. Park C, Choi EO, Hwangbo H, et al. Induction of apoptotic cell death in human bladder cancer cells by ethanol extract of
Zanthoxylum schinifolium leaf, through ROS-dependent inactivation of the PI3K/Akt signaling pathway. Nutr Res Pract 2022;
16:330.

47.Hu S, Yao X, Hao Y, Pan A, Zhou X. 8-Gingerol regulates colorectal cancer cell proliferation and migration through the
EGFR/STAT/ERK pathway. Int J Oncol 2020; 56:390-397

48. Han X, Ren C, Lu C, Qiao P, et al. Deubiquitination of MYC by OTUB1 contributes to HK2 mediated glycolysis and breast
tumorigenesis. Cell Death Differ 2022; 29:1864-73.

49. Daina A, Michielin O, Zoete V. SwissADME: a free web tool to evaluate pharmacokinetics, drug-likeness and medicinal
chemistry friendliness of small molecules. Sci Rep 2017; 7:42717.

50. Banerjee P, Eckert AO, Schrey AK, et al. ProTox-11: a webserver for the prediction of toxicity of chemicals. Nucleic Acids Res
2018; 46:W257-63.

51. Dong J, Wang NN, Yao ZJ, et al. ADMETIab: a platform for systematic ADMET evaluation based on a comprehensively
collected ADMET database. J Cheminform 2018; 10:29.

52.Khalid 1, Jafar TH, Unar A, et al. In-Silico Identification of Anticancer Compounds; Ligand-Based Pharmacophore Approach
against EGFR Involved in Breast Cancer. Adv Breast Cancer Res 2021; 10:120-32.

53. Kumar S, Ali I, Abbas F, et al. In-silico design, pharmacophore-based screening, and molecular docking studies reveal that
benzimidazole-1,2,3-triazole hybrids as novel EGFR inhibitors targeting lung cancer. J Biomol Struct Dyn 2024:42:9416-9438.
54.Shaikh GM, Murahari M, Thakur S, et al. Studies on ligand-based pharmacophore modeling approach in identifying potent future
EGFR inhibitors. J Mol Graph Model 2022; 112:108114.

International Journal of Molecular and Cellular Medicine. 2024; 13(4): 350-360


http://dx.doi.org/10.22088/IJMCM.BUMS.13.4.350
https://ijmcmed.org/article-1-2397-en.html
http://www.tcpdf.org

