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Abstract: Advances in developing new anticancer drugs continue, and one of the new therapeutic
targets to reach is Otubain 1 (OTUB1) because OTUB1 has functions related to prognosis in a variety
of tumors, and this protein is strongly related to tumor proliferation, migration, and apoptosis by its
deubiquitinating function. This study evaluated a potential OTUBL ligand, the OT3 compound, which
our research group previously proposed as a compound directed to interact with OTUB1"s active site
to develop a drug to regulate OTUBL"s functions. The aim of this research is to evaluate the effects of
the OT3 compound on OTUBL"s functions in prostate cancer (PC3) by in vitro cultures. We determined
the cytotoxic effect of the OT3 compound on PC3 cells by MTT assays and examined the regulation of
p-FAK and Caspase-3, which are involved in decreasing the viability of the cultures and regulating
apoptosis, as determined by western blot analysis. Then, the OT3 compound was analyzed using
molecular dynamics to describe the interactions of the OT3 compound with OTUBL"s active site. We
propose that the OT3 compound has a high probability of being selective against OTUB1, with
apoptosis (regulating caspase-3) and cytotoxic effect on prostate cancer lines; IC50 140 pM, as well as
we describe that this compound could have specific interactions in the OTUBL’s active site, decreasing
the OTUBL functions, and is probably safe for humans. These results show the high potential of this
compound as a new drug against prostate cancer.
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1. Introduction

The development of new anticancer drugs against new therapeutic targets is increasing
worldwide. Our research group reported ten compounds (OT1 - OT10) that were selected by
molecular docking [1]. It was performed using the OTU domain-containing ubiquitin aldehyde-
binding protein 1 (OTUBL) as a receptor because this protein is a promising therapeutic target
against cancer, highlighting functions related to the prognosis in some cancer types [2-4].
Particularly in prostate cancer, OTUB1 promotes invasion and tumorigenesis by its functions
on Rho-A [5] and Cyclin E1 [4], and some studies show OTUBL1 regulating P53 to promote
tumor cell survival, proliferation, invasiveness, prognosis, and therapeutic resistance [6-8].
Thus, all of this further strengthens the role of OTUBL in the progression and development of
prostate cancer [4].

OTUBL1 has been reported to be present in many cancer tissues and has been negatively
associated with the poor condition of cancer patients because OTUBL is highly expressed in
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many cancers [6,9,10]. Otherwise, there are studies on the inhibition of the OTUBL1 [3,6].
Recently, we tested some compounds in breast cancer cell lines, and we proposed a cytotoxic
effect due to the regulation of OTUB1 by the OT5 compound [11].

In this study, we tested the OT3 compound with prostate cancer cells (PC3) in vitro.
Using PC3 is promising because it has important messengers to reach and promote the viability
of this cancer type; some of these messengers are FAK, Rho-A, and Cyclin E1 [4, 12-16],
where OTUBL could have functions. Also, OTUB1 could regulate apoptosis in cancer cells;
thus, any development of an anticancer drug is important to generate apoptosis [17]. There are
studies related to an OTUBL1 inhibitory effect [11,18,19]. These studies used OTUBL as a
therapeutic target [20] with promising results that demonstrated its potential therapeutic value.

In this study, we evaluated the OT3 compound that we previously reported [1]. It could
interact with OTUB1 (Asp88, Cys91, and His265) [9,21,22], and in this way, this compound
could regulate OTUBL"s function related to the prognosis of cancer [4,5]. It was determined
by molecular dynamics simulation, cytotoxicity, MTT, and western blot assays.

2. Materials and Methods

2.1. Reagents.

Cell culture reagents were purchased from Thermo-Fisher (Carlsbad, CA, USA), and
tissue culture plates and other plastic materials were obtained from Corning Inc. The following
primary antibodies against p-FAK (Tyr397), Caspase-3, and B-actin were used from Santa Cruz
Biotechnology, Inc. (TX, USA). Secondary antibodies conjugated with horseradish peroxidase
were used from Sigma-Aldrich (MO, USA), and the OT3 compound previously reported [1]
was bought in Chembridge Corp [23] (ID-Chembridge: OT3: 5194547; PubChem CID:
2833016). The purity of the compound reported by the manufacturer was greater than 95%, as
checked by LC/MS. The stock solutions for compounds were prepared in DMSO (1-10 mM),
and MTT was obtained from Merck (Darmstadt, Germany).

2.2. Cell culture.

The hepatocyte cells (C9) and prostate cancer (PC3) cells were obtained from the
American Type Culture Collection (ATCC). Cells were cultured in 100 mm Petri dishes with
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 3.7 g/L sodium
bicarbonate, 5% (PC3) and 10% (C9) fetal bovine serum (FBS), and antibiotics in a humidified
atmosphere containing 5% CO; at 37°C.

2.3. Cytotoxicity assay in PC3 and C9 cell cultures determined by MTT.

PC3 cells were cultured in 96-well microplates following the provider’s
recommendations, and the cytotoxic effect was determined by MTT assay as described
previously [24,25]. Briefly, cells were seeded (10,000 cells per well) and treated for 48 h with
50, 100, and 150 pM concentrations of OT3 compound in 0.4 % DMSO to determine the
cytotoxic effect. After treatment, the media were replaced with a medium containing MTT (0.5
mg/mL), and cells were incubated for an additional 4 h with lysis buffer. The medium was
removed, and formazan crystals were dissolved in DMSO. Then, the plate was read at 570 nm
by using the iMark™ Microplate Absorbance Reader (Bio-Rad, USA).
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On the other hand, for C9 cells, the MTT viability assay was performed as described
previously [24,25]. C9 cells in 96-well microplates (10,000 cells per well) were treated for 48
h at concentrations between 10 to 400 pM of OT3 compound, and DMSO at a final
concentration of 0.4% was used as vehicle control, following the protocol mentioned [24,25].

The assays were performed in triplicate in three independent experiments, and the
percentage of viability was calculated according to the formula:

% viability = [mean Optical Density (0.D.) treated cells x 100]/
(mean 0.D. control cells) (1)

The concentration leading to 50% inhibition of viability (ICso) was calculated by non-
linear regression analysis (percentage of viability vs. log concentration) with GraphPad Prism
software ver. 8.0 software (GraphPad, CA, USA).

2.4. Western blot analysis.

Plates of six wells were used; 150,000 cells per well were seeded in 1.5 mL of
supplemented DMEM medium for 48 h, incubated at 37°C, and 5% CO- allowed to reach 90
% confluence. The DMEM-supplemented medium was replaced with the DMEM experimental
medium, and cells were incubated at 37°C for 18 h. The medium was removed, and 1 mL of
experimental DMEM medium was placed under the OT3 compound at a concentration of 50
uM. Treatments were maintained for 48 hours. Later, treatments were removed, and the cell
monolayer was washed once with PBS. Total protein extraction was performed using the RIPA
buffer system (ChemCruz sc-24948). For protein separation, 12% SDS-polyacrylamide gels
were used to characterize proteins. Proteins were transferred overnight to PVDF membranes at
4°C, 90 mA. Membranes were blocked with 5% low-fat milk/TBST 0.1% and later incubated
with the primary antibody overnight at 4°C under gentle agitation. We evaluated these targets:
p-FAK (sc-81493), Caspase-3 (sc-7272), and B-actin (sc-8432). The B-actin was used as a
loading control—anti-mouse secondary antibodies coupled to Horseradish peroxidase from
Thermo-Fisher. Chemiluminescence detection was performed using an Immobilon Western kit
(Millipore, MA, USA) and X-ray film for some blots. For others, Bio-Rad ChemiDoc XRS+
was used, and a digital image was obtained.

2.5. Molecular docking of OT3 compound with OTUB1.

Conformers of the OT3 compound and the Otubain 1 structure from the Protein Data
Bank [26] (OTUBL, PDB code 3VON) were used to determine the molecular interactions by
molecular docking using Molecular Operating Environment (MOE 2024.06.02) following
procedures previously reported [27-29].

2.6. Molecular dynamics simulations of the OT3 compound with OTUB1.

The best complex of OTUB1 with compound OT3 generated by molecular docking was
used for molecular dynamics simulation (MD). It was performed using Dynamics — MOE and
OPLS-AA forcefield. At the beginning, in two consecutive steps of 100 ps, the temperature
reached 300 K and a pressure of 1 bar. Finally, a 10 ns MD was carried out. Furthermore, the
interactions were analyzed.
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2.7. Statistical analysis.

Data results were expressed as mean * standard deviation (SD) of a minimum of three
independent experiments. Averages and standard deviations were calculated in Excel
(Microsoft 365, USA). ICso for cytotoxicity of compounds was calculated using GraphPad
Prism 8 Software (La Jolla, CA, USA). 3. Results and Discussion

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, and the conclusions that can be
drawn.

3. Results and Discussion

3.1. Cytotoxic effect of OT3 compound on PC3 cells cultures.

The OT3 compound that we reported previously to interact with OTUB1 [1]
demonstrated a cytotoxic effect at 48 h in vitro PC3 cell cultures (Figure 1). After exposure to
the C3 compound for 48 h at 100 uM, a cytotoxic effect, loss of monolayer, and very low
viability of the culture (Figure 1) were observed.
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Figure 1. PC3 cell line after 48h of incubation. (A) Control with DMSO as a vehicle; (B) OT3 compound at 100
UM,

3.2. 1Cs0 of OT3 compound.

We determined the ICso using the results of the percentage of viability by MTT.
Concentrations of the OT3 compound between 50, 100, and 150 uM were used in PC3 cell
cultures (Table 1). With these results, we determined an 1Csg of 140 = 1.09 uM for 48 h of
incubation using GraphPad Prism 8.

Table 1. Concentrations were used on the OT3 compound, and the viability percentage in vitro cultures of PC3
cells was determined after 48 h (n=3).

Concentration (uM) Averages of viability (percentage)
0 99+3
50 82+4
100 644
150 436
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3.3. Messengers related to the viability of cellular.

We determined p-FAK and Caspase-3 by western blot assays due to these proteins
being important to the proliferation [12-14] and in the apoptosis process [30]. We identified
that Caspase-3 was increased by OT3 compound at 50 puM, and p-FAK was decreased after 48
h of incubation with PC3 cell cultures (Figure 2). These results were related to the apoptosis
effect and less proliferation generated by the OT3 compound in all assays tested (Figure 1).

A)
DMSO QT3 compound
105 kDa p-FAK
32 kDa - —— Caspase-3
45kDa - — p-actin
B)
p-actin p-FAK Caspase-3
15 1.5 15
J—
1.0 —— 1.0 1.0
0.5 T 0.5 I T I 0.5 r
DMSO 50 pM DMSO 50 uM DMSO 50 uM

Figure 2. Effects of OT3 compound in PC3 cells. Cells were seeded with a seeding density of 1.5x10° cells and
were treated with the OT3 compound at 50 uM for 48 h. The control cells were left untreated (DMSO). The
whole cell protein lysate was prepared, and 20 pg of protein was resolved in SDS-polyacrylamide gels. (A)

Western blot analysis of p-FAK, Caspase-3, and B-actin proteins; (B) Densitometry analysis of the data in

Western blot analysis by ImagelJ software. The values were normalized against B-actin, and they are represented

as mean + SD (n = 3).

3.4. Interaction of OT3 compound with OTUBL.

According to the interactions report [1], we studied the interactions by molecular
docking, and the OT3 compound could have interactions in the region between Glu60, Lys84,
Asp88, Cys91, and His265 amino acids (Figure 3).

Figure 3. Results of molecular docking: (A) The best interaction of OT3 compound in the OTUB1"s active
site; (B) OTUBL (white) with 22 conformers of OT3 compound (orange) in the active site.

The main interactions are in Asn45, Glu60, Lys84, Arg86, Pro87, Glu214, Pro263,
Gly264, and His265 in OTUBL; particularly, the greater interactions are with Glu60, Arg86,
and His265 amino acids (mainly hydrogen bonding interaction in the conformers analyzed)
https://biointerfaceresearch.com/ 5 of 13
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(Figure 3), 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 and
conformers of each compound are shown in the supplementary material (Table S1).

3.5. Molecular dynamics simulation.

To study in more detail the complex OT3-OTUBL, 10 ns of molecular dynamics
simulation was performed. The root mean square deviation (RMSD) was analyzed, and the
data showed that the inhibitor formed a stable complex almost throughout the simulation, and
after 10 ns, the main interactions, notably interactions with Lys59 and His265 (Figure 4). The
overall RMSD after 10 ns was 1.405 A, and specifically in the amino acids with the main
interactions, the RMSD was between 1.34 and 2.88 A (Table 2).

Table 2. Main interactions and RMSD of OT3 with OTUB1 between 0 — 10 ns.

Time Ligand ReC?Etng(S;T)dues Interaction Distance RMSD (A)
(0] GLU60 H-donor 2.78
0ns 6-ring PRO263 pi-H 3.83
5-ring H1S265 pi-H 432
5 s (0] LYS59 H-donor 2.57 1.34
5-ring ARG262 pi-cation 3.90 1.58
(0] LYS59 H-donor 2.73 2.12
10 ns O TYR261 H-donor 2.74 2.88
5-ring H1S265 pi-H 3.55 1.86

10ns

aa
\
-
(b)
Figure 4. Interactions at (a) 0; (b) 10 ns from molecular dynamics simulation between OT3 compound and

OTUBL.
3.6. Cytotoxicity assay in C9 cell cultures determined by MTT.

We determined the cytotoxic effect of the OT3 compound with hepatocyte cell cultures
(C9) up to 400 uM of concentration, and all results were favorable: the OT3 compound had no
effect on C9 cells in vitro cultures for 48 h. OT3 compound results were similar to the negative
control and vehicle/DMSO, and these results are related to in silico results previously reported

[1].
3.7. Discussion.

In this study, we evaluated one compound previously reported [1] to develop a specific
pharmacological treatment to regulate the OTUBL functions (mainly as deubiquitinating),

mainly these functions related to cancer progression and immune response [4,21,31], and there
https://biointerfaceresearch.com/ 6 of 13
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are studies to develop specific inhibitors; for example, against lung cancer [32] and breast
cancer [11]. Thus, our study focuses on determining the effect of the OT3 compound on
prostate cancer (PC3 cells). Prostate cancer is promising because it is reported that important
messengers regulate the viability of this cancer type; some of these messengers are FAK, Rho-
A [15], and Cyclin E1 [4]. In addition, by in vitro assays using prostate cells, the relation
between OTUB1 and cyclin E1 for proliferation was demonstrated [10]. Therefore, OTUB1
could generate a regulation for Cyclin E1, Rho-A, and FAK [16] to generate apoptosis
(increasing Caspase-3) and, in this way, to decrease the viability of prostate cancer cells.

Results showed that the OT3 compound has a cytotoxic effect caused by apoptosis, and
it is important to justify this. We determined an 1Cso of 140 uM from MTT results (Table 1),
and then we determined the decreasing expression of p-FAK (Figure 2), which is related to the
regulation of pathogenesis and progression of cancer [12,13,16]. In addition, this result is
related to reports that OTUBL has control over proliferation, and Cyclin E1/Rho-A is regulated
by OTUBL [4,10]. On the other hand, the increasing expression of Caspase-3 was determined
(Figure 2). The in vitro results showed that the OT3 compound has a cytotoxic effect and an
apoptosis effect related to regulating the Caspase-3, as determined by western blot (Figure 2).
In addition, we showed changes in morphology and loss of monolayer in cultures in vitro (using
100 uM of OT3 compound) that are related to the cytotoxic effect on PC3 cells (Figure 1) and
after generating apoptosis [6,11,33-35].

Some studies show the relevance of generating apoptosis by increasing caspases [36-
39]. Our results showed that the OT3 compound affects Caspase-3, which could justify the
apoptosis effect of this compound after 48 h (Figure 2). Thus, the OT3 compound increased
the expression of Caspase-3, and this effect could be related to an apoptotic effect of an
anticancer compound [30,33,34,40]. Therefore, we propose that the OT3 compound decreases
OTUBL’s function (over Cyclin E1/Rho-A), and in this way, it decreases the viability of the
culture that generates apoptosis.

yPro263

Figure 5. OTUBL structure surface, the results of the molecular dynamics simulation after 10 ns. (A) It shows
the main amino acids, the interactions between the OT3 compound, and the active site are stables; (B) It shows
the region of the active site (white) and the colocation of OT3 compound (orange), for blocking the access to the
active site.

To justify the cytotoxic and apoptosis effect by in silico results, first, results of
molecular docking showed that the OT3 compound showed that the main interactions between
OT3 and OTUBL are with amino acids in a region considered as a potential therapeutic target
(active site) [9,21,22] (Figure 3) that could regulate the OTUB1/Cyclin E1/Rho-A axis to
generate proliferation/migration [4,10], besides the results of the molecular dynamics
simulation showed that the interactions between the OT3 compound with the active site (Figure
4 and 5) are stable, and we describe the main interactions of OT3 compound with OTUBL1, the
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interactions are very similar either in the molecular docking and in the molecular dynamics
simulation; in the OTUBL1s active site (Table 2), and decreases some function of OTUB1
where studies reported this region to generate the inhibition of this protein [11,18,20,32].

Therefore, the OT3 compound could generate a dysfunction of OTUB1 due to this
region being essential for the deubiquitinating functions of OTUBL [4,5,10,41]. Moreover, the
OT3 compound is potentially safe to use in humans because, in this study, we widened the
cytotoxic assays with normal cells, and these results were favorable. With these results, the
OT3 compound has more results to continue the development of a new anticancer drug.

4. Conclusions

We propose the OT3 compound to develop a new anticancer drug against prostate
cancer due to its cytotoxic and apoptosis-inducing effects. We describe that the OT3 compound
could regulate OTUBL1 by regulating the expression of proteins related to the proliferation of
cancer cells (p-FAK and Caspase-3 proteins). Finally, the OT3 compound could have specific
interactions in the catalytic domain of OTUBL, decreasing the OTUB1 functions and probably
being safe for humans. Therefore, this study demonstrates the potential of the OT3 compound
as an anticancer drug, and other studies should be performed to continue the development of
the new anticancer drug.

Author Contributions

Conceptualization, J.L.V.S. and V.G.G.; methodology, J.L.V.S. and V.G.G.; software,
J.L.V.S,; validation, J.L.V.S. and A.N.P.; formal analysis, V.G.G. and A.N.P.; investigation,
J.L.V.S. and A.N.P.; resources, J.L.V.S. and V.G.G.; writing—original draft preparation,
J.L.V.S. and V.G.G.; writing—review and editing, J.L.VV.S.; project administration, J.L.V.S.
and V.G.G.; funding acquisition, J.L.V.S.. All authors have read and agreed to the published
version of the manuscript.

Institutional Review Board Statement
Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Data supporting the findings of this study are available upon reasonable request from the
corresponding author.

Funding

This research was funded by CONVOCATORIA INTERNA DE PROYECTOS DE
INVESTIGACION 2024-2025, UABC.

https://biointerfaceresearch.com/ 8 of 13


https://doi.org/10.33263/BRIAC155.073
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC155.073

Acknowledgments

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

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Galindo-Hernandez, O.; Garcia-Salazar, L.A.; Garcia-Gonzélez, V.G.; Diaz-Molina, R.; Vique-Sanchez, J.L.
Potential Inhibitors of The OTUB1 Catalytic Site to Develop an Anti-Cancer Drug Using In-Silico
Approaches. Rep. Biochem. Mol. Biol. 2023, 11, 684-693, https://doi.org/10.52547/rbmb.11.4.684.

Ling, X.; Lu, J.; Wang, X.; Liu, L.; Liu, L.; Wang, Y.; Sun, Y.; Ren, C.; Lu, C.; Yu, Z. Ovarian tumorB1-
mediated heat shock transcription factor 1 deubiquitination is critical for glycolysis and development of
endometriosis. iScience 2022, 25, 105363, https://doi.org/10.1016/j.isci.2022.105363.

Zhang, W.; Qiu, W. OTUBL1 Recruits Tumor Infiltrating Lymphocytes and Is a Prognostic Marker in
Digestive Cancers. Front. Mol. Biosci. 2020, 7, 212, https://doi.org/10.3389/fmolb.2020.00212.

Liao, Y.; Yang, M.; Wang, K.; Wang, Y.; Zhong, B.; Jiang, N. Deubiquitinating enzyme OTUBL in immunity
and cancer. Good player or bad actor?. Cancer Lett. 2022, 526, 248-258,
https://doi.org/10.1016/j.canlet.2021.12.002.

Iglesias-Gato, D.; Chuan, Y.-C.; Jiang, N.; Svensson, C.; Bao, J.; Paul, I.; Egevad, L.; Kessler, B.M.;
Wikstrom, P.; Niu, Y.; Flores-Morales, A. OTUB1 deubiquitinating enzyme promotes prostate cancer cell
invasion in vitro and tumorigenesis in vivo. Mol. Cancer 2015, 14, 8, https://doi.org/10.1186/s12943-014-
0280-2.

Lee, B.-S.; Kang, S.U.; Huang, M.; Kim, Y.S.; Lee, Y.-S.; Park, J.-Y.; Kim, C.-H. OTUB1 knockdown
promotes apoptosis in melanoma cells by upregulating TRAIL expression. BMB Rep. 2021, 54, 608-613,
https://doi.org/10.5483/BMBRep.2021.54.12.033.

Sun, X.-X.; Dai, M.-S. Deubiquitinating enzyme regulation of the P53 pathway: A lesson from Otubl1. World
J. Biol. Chem. 2014, 5, 75-84, https://doi.org/10.4331/wjbc.v5.i2.75.

Sun, X.-X.; Challagundla, K.B.; Dai, M.-S. Positive regulation of p53 stability and activity by the
deubiquitinating enzyme Otubain 1. EMBO J 2012, 31, 576-592, https://doi.org/10.1038/emboj.2011.434.
Saldana, M.; VanderVorst, K.; Berg, A.L.; Lee, H.; Carraway Ill, K.L. Otubain 1: a non-canonical
deubiquitinase with an emerging role in cancer. Endocr. Relat. Cancer 2019, 26, R1-R14,
https://doi.org/10.1530/ERC-18-0264.

Liao, Y.; Wu, N.; Wang, K.; Wang, M.; Wang, Y.; Gao, J.; Zhong, B.; Ma, F.; Wu, Y.; Jiang, N. OTUB1
Promotes Progression and Proliferation of Prostate Cancer via Deubiquitinating and Stabling Cyclin E1.
Front. Cell Dev. Biol. 2021, 8, 617758, https://doi.org/10.3389/fcell.2020.617758.

Mufioz-Ayala, A.; Garcia-Gonzalez, V.G.; Pulido-Capiz, A.; Chimal-Vega, B.; Garcia-Villarreal, R.; Vique-
sanchez, J.I. Potential Otubainl Inhibitor, an Approach for a Treatment against Breast Cancer. Int. J. Mol.
Cell. Med. 2024, 13, 350-360, https://doi.org/10.22088/IJIMCM.BUMS.13.4.350.

Pomella, S.; Cassandri, M.; Braghini, M.R.; Marampon, F.; Alisi, A.; Rota, R. New Insights on the Nuclear
Functions and Targeting of FAK in Cancer. Int. J. Mol. Sci. 2022, 23, 1998,
https://doi.org/10.3390/ijms23041998.

Hu, H.-H.; Wang, S.-Q.; Shang, H.-L.; Lv, H.-F.; Chen, B.-B.; Gao, S.-G.; Chen, X.-B. Roles and inhibitors
of FAK in cancer: current advances and future directions. Front. Pharmacol. 2024, 15, 1274209,
https://doi.org/10.3389/fphar.2024.1274209.

Konstantinidou, G.; Ramadori, G.; Torti, F.; Kangasniemi, K.; Ramirez, R.E.; Cai, Y.; Behrens, C.; Dellinger,
M.T.; Brekken, R.A.; Wistuba, I.I.; Heguy, A.; Teruya-Feldstein, J.; Scaglioni, P.P. RHOA-FAK Is a
Required Signaling Axis for the Maintenance of KRAS-Driven Lung Adenocarcinomas. Cancer Discov.
2013, 3, 444-457, https://doi.org/10.1158/2159-8290.CD-12-0388.

Ning, Y.; Zheng, M.; Zhang, Y.; Jiao, Y.; Wang, J.; Zhang, S. RhoA-ROCK?2 signaling possesses complex
pathophysiological functions in cancer progression and shows promising therapeutic potential. Cancer Cell
Int. 2024, 24, 339, https://doi.org/10.1186/s12935-024-03519-7.

https://biointerfaceresearch.com/ 9 0f 13


https://doi.org/10.33263/BRIAC155.073
https://biointerfaceresearch.com/
https://doi.org/10.52547/rbmb.11.4.684
https://doi.org/10.1016/j.isci.2022.105363
https://doi.org/10.3389/fmolb.2020.00212
https://doi.org/10.1016/j.canlet.2021.12.002
https://doi.org/10.1186/s12943-014-0280-2
https://doi.org/10.1186/s12943-014-0280-2
https://doi.org/10.5483/BMBRep.2021.54.12.033
https://doi.org/10.4331/wjbc.v5.i2.75
https://doi.org/10.1038/emboj.2011.434
https://doi.org/10.1530/ERC-18-0264
https://doi.org/10.3389/fcell.2020.617758
https://doi.org/10.22088/IJMCM.BUMS.13.4.350
https://doi.org/10.3390/ijms23041998
https://doi.org/10.3389/fphar.2024.1274209
https://doi.org/10.1158/2159-8290.CD-12-0388
https://doi.org/10.1186/s12935-024-03519-7

https://doi.org/10.33263/BRIAC155.073

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

Wu, D.; Shi, Z.; Xu, H.; Chen, R.; Xue, S.; Sun, X. Knockdown of Cripto-1 inhibits the proliferation,
migration, invasion, and angiogenesis in prostate carcinoma cells. J. Biosci. 2017, 42, 405-416,
https://doi.org/10.1007/s12038-017-9700-y.

Ghotaslou, A.; Samii, A.; Boustani, H.; Ghalesardi, O.K.; Shahidi, M. AMG-232, a New Inhibitor of MDM-
2,Enhance Doxorubicin Efficiency in Pre-B Acute Lymphoblastic Leukemia Cells. Rep. Biochem. Mol. Biol.
2022, 11, 111-124, https://doi.org/10.52547/rbmb.11.1.111.

Sun, T.; Xu, Y.; Xu, Z.; Cao, B.; Zhang, Z.; Wang, Q.; Kong, Y.; Mao, X. Inhibition of the Otub1/c-Maf axis
by the herbal acevaltrate induces myeloma cell apoptosis. Cell Commun. Signal. 2021, 19, 24,
https://doi.org/10.1186/s12964-020-00676-w.

Xu, Y.; Sun, T.; Zeng, K.; Xu, M.; Chen, J.; Xu, X.; Zhang, Z.; Cao, B.; Tang, X.; Wu, D.; Kong, Y.; Zeng,
Y.; Mao, X. Anti-bacterial and anti-viral nanchangmycin displays anti-myeloma activity by targeting Otubl
and c-Maf. Cell Death Dis. 2020, 11, 818, https://doi.org/10.1038/s41419-020-03017-4.

Xu, Y.; Xu, M.; Tong, J.; Tang, X.; Chen, J.; Chen, X.; Zhang, Z.; Cao, B.; Stewart, A.K.; Moran, M.F.; Wu,
D.; Mao, X. Targeting the Otubl/c-Maf axis for the treatment of multiple myeloma. Blood 2021, 137, 1478-
1490, https://doi.org/10.1182/blood.2020005199.

Balakirev, M.Y.; Tcherniuk, S.O.; Jaquinod, M.; Chroboczek, J. Otubains: a new family of cysteine proteases
in the ubiquitin pathway. EMBO Rep. 2003, 4, 517-522, https://doi.org/10.1038/sj.embor.embor824.

Wu, Q.; Huang, Y.; Gu, L.; Chang, Z.; Li, G.-M. OTUBL stabilizes mismatch repair protein MSH2 by
blocking ubiquitination. J. Biol. Chem. 2021, 296, 100466, https://doi.org/10.1016/j.jbc.2021.100466.
ChemBridge Corp. , “High Quality, Small Molecule, Lead-like and Drug-Like Screening Compounds,” can
be Found Under, https://chembridge.com/screening_libraries/#EXPRESSPick, 2021.

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and
cytotoxicity assays. J. Immunol. Methods 1983, 65, 55-63, https://doi.org/10.1016/0022-1759(83)90303-4.
Eisenbrand, G.; Pool-Zobel, B.; Baker, V.; Balls, M.; Blaauboer, B.J.; Boobis, A.; Carere, A.; Kevekordes,
S.; Lhuguenot, J.C.; Pieters, R.; Kleiner, J. Methods of in vitro toxicology. Food Chem. Toxicol. 2002, 40,
193-236, https://doi.org/10.1016/S0278-6915(01)00118-1.

RCSB Protein Data Bank. Available online: https://www.rcsb.org/ (accessed on May 151, 2023).
Benitez-Cardoza, C.G.; Vique-Sanchez, J.L. Potential inhibitors of the interaction between ACE2 and SARS-
CoV-2 (RBD), to develop a drug. Life Sci. 2020, 256, 117970, https://doi.org/10.1016/j.1fs.2020.117970.
Halgren, T.A. Merck molecular force field. 1. Basis, form, scope, parameterization, and performance of
MMFF94. J. Comput. Chem. 1996, 17, 490-519, https://doi.org/10.1002/(SICI)1096-
987X(199604)17:5/6<490::AlD-JCC1>3.0.CO;2-P.

Vique-Sanchez, J.L. Potential inhibitors interacting in Neuropilin-1 to develop an adjuvant drug against
COVID-19, by  molecular  docking. Bioorg. Med. Chem. 2021, 33, 116040,
https://doi.org/10.1016/j.bmc.2021.116040.

Wang, L.; Wang, L.; Wang, R.; Xu, T.; Wang, J.; Cui, Z.; Cheng, F.; Wang, W.; Yang, X. Endometrial stem
cell-derived exosomes repair cisplatin-induced premature ovarian failure via Hippo signaling pathway.
Heliyon 2024, 10, 31639, https://doi.org/10.1016/j.heliyon.2024.e31639.

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,
https://doi.org/10.3389/fmolb.2023.1261273.

Tan, L.; Shan, H.; Han, C.; Zhang, Z.; Shen, J.; Zhang, X.; Xiang, H.; Lu, K.; Qi, C.; Li, Y.; Zhuang, G.;
Chen, G.; Tan, L. Discovery of Potent OTUB1/USP8 Dual Inhibitors Targeting Proteostasis in Non-Small-
Cell Lung Cancer. J. Med. Chem. 2022, 65, 13645-13659, https://doi.org/10.1021/acs.jmedchem.2¢c00408.
Balvan, J.; Krizova, A.; Gumulec, J.; Raudenska, M.; Sladek, Z.; Sedlackova, M.; Babula, P.; Sztalmachova,
M.; Kizek, R.; Chmelik, R.; Masarik, M. Multimodal Holographic Microscopy: Distinction between
Apoptosis and Oncosis. PLOS ONE 2015, 10, e0121674, https://doi.org/10.1371/journal.pone.0121674.
Guvenir Celik, E.; Eroglu, O. Combined treatment with ruxolitinib and MK-2206 inhibits the JAK2/STAT5
and PIBK/AKT pathways via apoptosis in MDA-MB-231 breast cancer cell line. Mol. Biol. Rep. 2023, 50,
319-329, https://doi.org/10.1007/s11033-022-08034-4.

Mirsanei, J.S.; Nazari, M.; Shabani, R.; Govahi, A.; Eghbali, S.; Ajdary, M.; Mehdizadeh, R.; Mousavi, A.S.;
Mehdizadeh, M. Does Gold-Silver Core-Shell Nanostructure with Alginate Coating Induce Apoptosis in
Human Lymphoblastic Tumoral (Jurkat) Cell Line?. Rep. Biochem. Mol. Biol. 2023, 12, 233-240,
https://doi.org/10.61186/rbmb.12.2.233.

https://biointerfaceresearch.com/ 10 of 13


https://doi.org/10.33263/BRIAC155.073
https://biointerfaceresearch.com/
https://doi.org/10.1007/s12038-017-9700-y
https://doi.org/10.52547/rbmb.11.1.111
https://doi.org/10.1186/s12964-020-00676-w
https://doi.org/10.1038/s41419-020-03017-4
https://doi.org/10.1182/blood.2020005199
https://doi.org/10.1038/sj.embor.embor824
https://doi.org/10.1016/j.jbc.2021.100466
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.1016/S0278-6915(01)00118-1
https://www.rcsb.org/
https://doi.org/10.1016/j.lfs.2020.117970
https://doi.org/10.1002/(SICI)1096-987X(199604)17:5/6%3c490::AID-JCC1%3e3.0.CO;2-P
https://doi.org/10.1002/(SICI)1096-987X(199604)17:5/6%3c490::AID-JCC1%3e3.0.CO;2-P
https://doi.org/10.1016/j.bmc.2021.116040
https://doi.org/10.1016/j.heliyon.2024.e31639
https://doi.org/10.3389/fmolb.2023.1261273
https://doi.org/10.1021/acs.jmedchem.2c00408
https://doi.org/10.1371/journal.pone.0121674
https://doi.org/10.1007/s11033-022-08034-4
https://doi.org/10.61186/rbmb.12.2.233

https://doi.org/10.33263/BRIAC155.073

36.

37.

38.

39.

40.

41.

Jelinek, M.; Balusikové, K.; Schmiedlova, M.; Némcova-Fiirstova, V.; Sramek, J.; Stan&ikova, J.; Zanardi,
L.; Ojima, L.; Kovat, J. The role of individual caspases in cell death induction by taxanes in breast cancer cells.
Cancer Cell Int. 2015, 15, 8, https://doi.org/10.1186/s12935-015-0155-7.

Gui, C.; Zhang, C.; Xiong, X.; Huang, J.; Xi, J.; Gong, L.; Huang, B.; Zhang, X. Total flavone extract from
Ampelopsis megalophylla induces apoptosis in the MCF-7 cell line. Int. J. Oncol. 2021, 58, 409-418,
https://doi.org/10.3892/ij0.2021.5172.

Jamalzadeh, L.; Ghafoori, H.; Aghamaali, M.; Sariri, R. 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, 157-165.

Anguiano-Sevilla, L.A.; Lugo-Cervantes, E.; Ordaz-Pichardo, C.; Rosas-Trigueros, J.L.; Jaramillo-Flores,
M.E. Apoptosis Induction of Agave lechuguilla Torrey Extract on Human Lung Adenocarcinoma Cells (SK-
LU-1). Int. J. Mol. Sci. 2018, 19, 3765, https://doi.org/10.3390/ijms19123765.

Kuo, H.-M.; Tseng, C.-C.; Chen, N.-F.; Tai, M.-H.; Hung, H.-C.; Feng, C.-W.; Cheng, S.-Y.; Huang, S.-Y_;
Jean, Y.-H.; Wen, Z.-H. 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, https://doi.org/10.3390/md16010008.

Lee, S.G.; Wo0, S.M.; Seo, S.U.; Lee, H.S.; Kim, S.H.; Chang, Y.-C.; Cho, H.J.; Yook, S.; Nam, J.-O.; Kwon,
T.K. Non-canonical deubiquitination of OTUBI induces IFNy-mediated cell cycle arrest via regulation of
p27 stability. Oncogene 2024, 43, 1852-1860, https://doi.org/10.1038/s41388-024-03042-z.

Publisher’s Note & Disclaimer

The statements, opinions, and data presented in this publication are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect the views of the publisher and/or the editor(s). The publisher and/or
the editor(s) disclaim any responsibility for the accuracy, completeness, or reliability of the content. Neither the
publisher nor the editor(s) assume any legal liability for any errors, omissions, or consequences arising from the
use of the information presented in this publication. Furthermore, the publisher and/or the editor(s) disclaim any
liability for any injury, damage, or loss to persons or property that may result from the use of any ideas, methods,
instructions, or products mentioned in the content. Readers are encouraged to independently verify any
information before relying on it, and the publisher assumes no responsibility for any consequences arising from
the use of materials contained in this publication.

https://biointerfaceresearch.com/ 11 of 13


https://doi.org/10.33263/BRIAC155.073
https://biointerfaceresearch.com/
https://doi.org/10.1186/s12935-015-0155-7
https://doi.org/10.3892/ijo.2021.5172
https://doi.org/10.3390/ijms19123765
https://doi.org/10.3390/md16010008
https://doi.org/10.1038/s41388-024-03042-z

https://doi.org/10.33263/BRIAC155.073

Supplementary Material

The supplementary material provides a table of interactions between OTUB1-OT3,
detailing the interaction per amino acid, which supports the information given in the results
and discussion.

Table S1. Interaction report of each conformer of the OT3 compound. Number of conformers, number of atoms
of the compound, amino acid in OTUBL, type of interaction, and distance in angstroms.

Conformer Ligand Residues in OTUB1 Interaction Distance

1 6-ring ARG 86 pi-H 4.42
5-ring ARG 86 pi-H 4.1

6-ring ARG 86 pi-H 4.49

5-ring ARG 86 pi-H 3.98

2 6-ring CYS 212 pi-H 4.55
5-ring HIS 265 pi-H 3.59

6-ring HIS 265 pi-H 4.33

N HIS 265 H-acceptor 3.44

6-ring LYS 84 pi-cation 3.57

3 6-ring GLU 214 pi-H 4.34
6-ring PRO 263 pi-H 4.35

6-ring GLY 264 pi-H 4.13

(0] GLU 60 H-donor 2.92

4 6-ring GLU 60 pi-H 4.52
6-ring HIS 265 pi-H 4.68

5 (0] GLU 60 H-donor 2.94
O LYS 84 H-acceptor 3.06

(0] PRO 263 H-donor 3.03

6 N HIS 265 H-acceptor 3.25
6-ring ASN 45 pi-H 4.23

5-ring ASN 45 pi-H 4.09

(0] GLU 60 H-donor 341

N HIS 265 H-acceptor 3.56

7 6-ring LYS 84 pi-cation 3.66
5-ring LYS 84 pi-cation 4.15

6-ring PRO 263 pi-H 4.36

(0] GLU 60 H-donor 29

8 6-ring GLU 60 pi-H 421
6-ring ARG 86 pi-H 3.83

6-ring PRO 87 pi-H 4.26

9 5-ring ARG 86 pi-H 4.06
10 6-ring PRO 263 pi-H 3.97
1 6-ring GLU 214 pi-H 45
5-ring HIS 265 pi-H 3.67

12 O ASN 45 H-acceptor 3.28
6-ring GLY 264 pi-H 4.56

13 6-ring PRO 263 pi-H 3.93
(0] GLU 60 H-donor 3.04

14 6-ring ARG 86 pi-H 3.73
6-ring HIS 265 pi-H 3.94

15 (0] GLU 60 H-donor 3.13
6-ring HIS 265 pi-H 3.89

16 6-ring HIS 265 pi-H 3.92
17 5-ring GLU 214 pi-H 4.06
18 6-ring GLU 60 pi-H 44
6-ring ARG 86 pi-H 3.94

19 5-ring GLY 264 pi-H 3.75
6-ring GLY 264 pi-H 4.66

20 (0] PRO 87 H-donor 2.93
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Conformer Ligand Residues in OTUB1 Interaction Distance
6-ring ARG 86 pi-H 3.9
5-ring ARG 86 pi-H 4.1
6-ring PRO 87 pi-H 4.65
21 O PRO 87 H-donor 3
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