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Background: The Transmembrane Protease Serine 2/ERG (TMPRSS2/ERG) gene fusion results in the overexpression of ERG
and dysregulation of pathways critical for prostate cancer (PC) tumor progression, invasion, and metastasis. This study aims
to target the TMPRSS2/ERG fusion in the Scavenger Receptor Cysteine-Rich (SRCR) domain presents a promising and novel
therapeutic strategy to control the aggression of PCmalignancy. The study aims to identify targeted novel small molecules against
the TMPRSS2 protein for lead identification and validation.
Methods: High-throughput virtual screening (HTVS) against the ChemBridge library was followed by protein-ligand interaction
profilers, GROMACS, and GMX_Molecular Mechanics Poisson-Boltzmann Surface Area (MMPBSA) techniques were used for
the lead identification. VCaP, LNCaP, human umbilical vein endothelial cells (HUVEC), and RWPE-1 cells were involved in the
in vitro validations.
Results: HTVS identified TES7832 with favorable binding affinities of –8.0 kcal/mol to the SRCR domain of TMPRSS2. Molec-
ular dynamic simulations demonstrated stable binding interactions with Root Mean Square Deviation values around 0.15 nm.
The ∆G binding calculation was –36.76 kcal/mol (mean ± 5.63 standard deviation). Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET) supported favorable small-molecule characteristics. TES7832 inhibited TMPRSS2 activity
dose-dependently with a half-maximal inhibitory concentration (IC50 value) of 484.1 ± 21.88 nM. The compound was selective
to control the proliferation of VCaP cells expressing the TMPRSS2/ERG gene fusion with a 50% growth inhibition concentration
(GI50) value of 392 ± 39.15 nM. TES7832 reduced ERG and androgen receptor (AR) positive populations of VCaP cells while
sparing the LNCaP or HUVEC cells that do not possess TMPRSS2/ERG fusion. The compound favored apoptosis and G2/M cell
cycle arrest in VCaP cells and inhibited hepatocyte growth factor (HGF)-induced transmigration of these cells.
Conclusion: TES7832 targeted the SRCR domain of the TMPRSS2/ERG fusion to downregulate ERG and AR activity in PC
cells to control proliferation and induce apoptosis. This selectivity of TES7832 warrants further preclinical developments of the
molecule against the TMPRSS2/ERG fusion-driven PC malignancy.
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Introduction

Prostate cancer (PC) remains one of the most fre-
quently diagnosed cancers in men, with approximately 1.4
million new cases and 375,000 deaths reported worldwide
in 2020, making it the second most commonly diagnosed
cancer in men [1]. While advancements in treatments have
improved outcomes for early-stage disease, therapeutic op-
tions for advanced and metastatic prostate cancer remain
limited [2,3]. A significant proportion of prostate cancers
is driven by genetic alterations, including the Transmem-
brane Serine Protease 2/ERG (TMPRSS2/ERG) gene fu-
sion, which promotes aggressive disease progression and

resistance to standard therapies. This fusion event, char-
acterized by the aberrant expression of the ERG oncogene
under the control of the TMPRSS2 promoter, has emerged
as a crucial molecular target in prostate cancer [4–6].

The TMPRSS2 plays an essential role in normal phys-
iological processes and disease pathogenesis, particularly
in PC characterized by the TMPRSS2/ERG gene fusion [7].
The TMPRSS2/ERG gene fusion is one of the most com-
mon genetic alterations in prostate cancer, occurring in ap-
proximately 40–50% of cases, particularly among patients
of European descent [8]. This fusion event is associated
with disease progression and has been linked to a more ag-
gressive tumor phenotype in certain subgroups [9]. While
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its presence alone is not directly predictive of recurrence or
mortality, studies have shown that TMPRSS2/ERG-positive
tumors may have a higher risk of biochemical recurrence,
especially when combined with other molecular alterations
[10]. Structurally, TMPRSS2 consists of two critical do-
mains: the N-terminal Scavenger Receptor Cysteine-Rich
(SRCR) domain and the C-terminal serine protease domain
[11]. The SRCR domain, often overlooked in therapeutic
studies, plays a pivotal role in ligand binding and regulatory
interactions that influence the proteolytic activity of TM-
PRSS2 [11]. Given its involvement in key protein-ligand
interactions and its potential to modulate downstream sig-
naling events, the SRCR domain represents an attractive but
underexplored target for therapeutic intervention [12].

Despite the importance of the SRCR domain, most
drug discovery efforts have focused on targeting the ser-
ine protease activity of TMPRSS2 [13]. However, inhibit-
ing the SRCR domain offers a novel approach to disrupt-
ing TMPRSS2 function in prostate cancer, particularly in
cases where the TMPRSS2/ERG fusion drives disease pro-
gression. Targeting this domain may provide a dual benefit
by interfering with ligand recognition and protease activa-
tion, offering a more comprehensive strategy for inhibit-
ing TMPRSS2-mediated pathways [14]. Given the struc-
tural complexity of the SRCR domain and its critical role in
ligand interactions, computational and structure-based drug
discovery approaches are essential to identify selective in-
hibitors.

In this study, we employed a structure-based drug
discovery approach to target the SRCR domain of TM-
PRSS2. High-throughput virtual screening of a diverse
chemical library was combined with molecular docking
and Absorption, Distribution, Metabolism, Excretion, and
Toxicity (ADMET) property evaluation to identify promis-
ing lead compounds. Molecular dynamics simulations and
binding free energy calculations further characterized the
interactions and stability of the protein-ligand complexes.
By focusing on the SRCR domain, our work provides
a novel framework for therapeutic development targeting
TMPRSS2, with potential implications for prostate cancer
treatment.

Materials and Methods

Structure Retrieval and High-Throughput Virtual
Screening

To identify potential ligands for TMPRSS2, a virtual
screening campaign was conducted using the Diversity-
based High-throughput virtual screening (D-HTVS) tech-
nique from the SiBioLEAD platform (https://sibiolead.co
m/). D-HTVS performs two-stage docking, viz., stage 1
docking with scaffolds, followed by stage 2 docking with
chemically related compounds of the top 10 scaffolds iden-
tified in stage 1 docking. A ChemBridge database compris-
ing approximately 850,000 compounds (350–750 kDa) was

selected for analysis. The TMPRSS2 full-length protein
structure was obtained from the AlphaFold database (https:
//alphafold.ebi.ac.uk/entry/O15393) and processed using a
standard preparation workflow to optimize its geometry for
docking studies, including removal of disordered regions
from amino acids 1 to 115. For docking studies, amino acid
residues 116 to 492 were kept. Filtering criteria, including
molecular weight between 350 and 750Da and adherence to
Lipinski’s Rule of Five, were applied to narrow down the
compound set. Docking simulations were executed using
the integrated Autodock-Vina tool, version 1.1.2 (Scripps
Research Institute, San Diego, CA, USA), to predict favor-
able binding interactions.

GROMACS-Based Molecular Dynamics Simulation
(MDS)

To further evaluate the binding properties and sta-
bility of the top-scoring ligands from the virtual screen-
ing, molecular dynamics (MD) simulations were performed
with GROMACS, Version 2021, on the SiBioLEAD plat-
form (https://sibiolead.com/). The protein-ligand com-
plexes were solvated within a triclinic box containing Sim-
ple Point Charge (SPC) water molecules to simulate a phys-
iological environment. Sodium chloride was introduced at
a concentration of 0.15 M to mimic ionic conditions and
maintain system neutrality. Energy minimization was ini-
tially conducted using the steepest descent method to elim-
inate steric clashes and optimize the system. A dual-phase
equilibration process was then carried out over 300 ps to
stabilize the configuration under constant temperature and
pressure. MD simulations were subsequently run for 100
ns, capturing trajectory data for comprehensive analysis.
Metrics, including Root Mean Square Deviation (RMSD),
were calculated to assess protein-ligand complex stability,
and hydrogen bond interactions were monitored to gauge
the consistency of binding.

Molecular Mechanics Poisson-Boltzmann Surface
Area (MM-PBSA)

The binding affinity of the ligands was quantified
using Molecular Mechanics Poisson-Boltzmann Surface
Area (MM-PBSA) calculations. Fifty representative frames
were extracted from the 100-ns MD simulation trajectories
for analysis. The GMX_ Molecular Mechanics Poisson-
Boltzmann Surface Area (MMPBSA) tool [15], available
through the SiBioLEAD platform, was employed to calcu-
late free energy contributions encompassing van der Waals
forces, electrostatics, polar solvation, and non-polar solva-
tion effects. Average binding free energy values were com-
puted from the sampled frames, allowing for the identifica-
tion of ligands with strong binding affinities. Compounds
with highly favorable energy scores were prioritized for fur-
ther investigation.
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ADMET Profiling
ADMET properties were assessed using the ADMET-

AI tool (https://admet.ai.greenstonebio.com/) [16]. The lig-
ands were converted to SMILES format for compatibility
with the web server and uploaded for analysis. The tool
provided detailed predictions for pharmacokinetic param-
eters, including absorption efficiency, metabolic stability,
distribution patterns, and potential toxicity risks. Graphical
outputs facilitated the comparison of ADMET profiles, en-
abling the selection of drug candidates with optimal proper-
ties. This evaluation was crucial in prioritizing compounds
for experimental validation based on their predicted safety
and pharmacological characteristics.

TMPRSS2 Inhibition Assay
The cell-free TMPRSS2 assay was carried out us-

ing the fluorogenic kit method (TMPRSS2 inhibition kit #
78083BPS Bioscience, San Diego, CA, USA) as per the
manufacturer’s instructions. Briefly, the assay was initi-
ated by the addition of 10 µL of the Log dilutions (ranging
from 0.1 nM to 10,000 nM) of TES7832 (# 5310483, Chem-
Bridge, San Diego, CA, USA) or camostat (# SML0057,
Sigma Aldrich, St. Louis, MO, USA) at the destinated final
concentrations to the test wells, while the blank received 10
µL of diluent solution. Following this, 30 µL/well of TM-
PRSS2 diluted in the 1X buffer (5 ng/µL) was added to the
96-well plates. The blank well was added with 30 µL of
1X buffer. The plate was incubated for 30 minutes at room
temperature. The kinase reaction was initiated by adding 10
µL of TMPRSS2 substrate (50 µM) to all wells. The plate
was kept away from the light and incubated for 10 minutes
at room temperature. Fluorescence was read at 380 nm ex-
citation and 450 nm emission using a FLUOstar Omega mi-
croplate reader (BMG LABTECH, Cary, NC, USA). Blank
values were subtracted, and the percentage inhibition of
kinase activity was calculated and analyzed using Graph-
Pad Prism software (version 6.0; GraphPad Software Inc.,
La Jolla, CA, USA). Half-maximal inhibitory concentration
(IC50 values) was presented.

Cell Culture
VCaP (#CRL-2876, ATCC, Rockville, MD, USA),

LNCaP (#CRL-1740, ATCC,Rockville, MD,USA), human
umbilical vein endothelial cells (HUVEC) (#PCS-100-013,
ATCC, USA), and RWPE-1 (adult normal prostate tissue-
derived epithelial cells, #CRL-3607, ATCC, USA) were
cultured in RPMI-1640 media with 10% FBS, 100 U/mL of
penicillin, and 100 U/mL of streptomycin. The cells were
passaged fewer than 6 months after resuscitation and were
used for passage at an eighty percent confluency state. All
prostate cancer cell lines used in this study were authenti-
cated by short tandem repeat (STR) profiling and routinely
tested for mycoplasma contamination using PCR-based as-
says. Only mycoplasma-free and STR-validated cells were
used for all experimental procedures.

Cell Proliferation Assay
The MTT assay was used to assess proliferation as

described elsewhere [17]. Briefly, VCaP, LNCaP, and
RWPE-1 cells were seeded in 96-well plates (5 × 103
cells/well) and treated with Log dilutions (ranging from 0.1
nM to 10,000 nM) of TES7832 for 72 hours. Followingly,
the cells were added with 1 mg/mL MTT (#M2003, Sigma
Aldrich, USA), incubated for 4 h, and dissolved in DMSO.
The purple formazan product formed was measured at 560
nm for absorbance using the FLUOstar Omega plate reader
(BMG Labtech, Ortenberg, Germany). The percentage in-
hibition of cell proliferation was analyzed using the Graph-
Pad Prism 6.0 software to determine the 50% growth inhi-
bition concentration (GI50) values.

Flow Cytometry
The ERG and androgen receptor (AR) signaling

in PC cells was analyzed by flow cytometry. VCaP
[TMPSSR2(+)/ERG-(+)/AR (+)] was treated with 200 nM,
400 nM, and 800 nM of TES7832 to enumerate dose
response based on the near GI25, GI50, and GI100 val-
ues. LNCaP [TMPSSR2(+)/ERG-(-)/AR (+)] or HUVEC
[TMPSSR2(-)/ERG-(+)/AR (+)] were treated with 10,000
nM of TES7832. All cells were incubated for 6 h in a 37
°C, CO2 incubator. The cells were removed from the plates
and transferred to sterile Eppendorf tubes. The cells were
fixed with 4% formaldehyde for 10 minutes and then per-
meabilized with 90% methanol at –20 °C for 15 minutes.
The cells were then incubated in 1X HBSS buffer/10% nor-
mal goat serum to block non-specific protein-protein inter-
actions, followed by staining with 0.25 mg/mL of rabbit
monoclonal PE-conjugated Anti-ERG antibody (EPR3864,
#ab314261, Abcam,Waltham,MA, USA) or a 1:50 dilution
of anti-androgen receptor (AR) rabbit monoclonal Ab, PE-
Conjugated (#8428, Cell Signaling Technologies, Beverly,
MA, USA) for thirty minutes in the dark. After two washes
to remove the extra dye, the cells were suspended in the
HBSS buffer. Guava EasyCyteTM flow cytometer (0500-
5005, Merk Millipore, Madison, WI, USA), was used to
acquire 5000 events. Analysis was carried out using In-
Cyte software from Millipore (Burlington, CA, USA), to
enumerate the percentage of positive populations of ERG
or AR in all cell types, which were compared against the
controls.

Annexin V Assay
VCaP cells were treated with 200 nM, 400 nM, and

800 nM of TES7832 for 48 hours to test the dose depen-
dency in the apoptosis assay. Following the incubation
period, the cells were washed using the kit’s buffer and
stained for 15 minutes in the dark using 0.25 µg/mL An-
nexin V reagent (# V13242, Thermo Scientific, Waltham,
MA, USA). The cells were resuspended in a kit solution
containing 0.5 µg/mL propidium iodide after two further
washes. Flow cytometry was conducted by acquiring data
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Fig. 1. Structure of Transmembrane Protease Serine 2 (TMPRSS2). (a) Full-length structure of TMPRSS2 protein retrieved from
AlphaFold database, colored from N-terminal (blue) to C-terminal (red), showing the presence of two critical domains, Scavenger Re-
ceptor Cysteine-Rich (SRCR) (N-terminal), and CoV S protein binding domain (C-terminal) using the integrated Autodock-Vina tool
(version 1.1.2 ; Scripps Research Institute, San Diego, CA, USA). (b) Ligand binding cavity prediction depicting the presence of a pocket
at the N-terminal region (molecular surface representation), covering the SRCR domain.

from 10,000 events using a Guava EasyCyte™ flow cy-
tometer (0500-5005, Merk Millipore, Madison, WI, USA),
and the results were analyzed with InCyte software, Merck
Millipore, WI, USA) to distinguish between healthy and
apoptotic cells (early and late phase apoptosis). The find-
ings were presented using GraphPad Prism software (ver-
sion 6.0; La Jolla, CA, USA).

HGF-Stimulated Trans Migration Assay

The assay was carried out using a calorimetry-based
kit (QCM™ Tumor Cell Trans-Endothelial Migration As-
say kit (#ECM558, Merk Millipore, Madison, WI, USA)
as per the manufacturer’s instructions. Briefly, 1 × 105 of
VCaP cells starved overnight in a serum-free medium were
transferred to the pre-grown inserts with a monolayer of the
HUVEC cells. VCaP cells were treated with 200 nM, 400
nM, and 800 nM of TES7832 and incubated for 1 hour in
a CO2 incubator. The inserts were then transferred to new
wells with cell growth media containing 50 ng/mL hepa-
tocyte growth factor (HGF) (Sigma Aldrich # 214-275-1).
The PC cells were now allowed to migrate across the HU-
VEC membrane for 12 hours in a CO2 incubator. Follow-

ingly, the inserts were removed from the wells and stained
for 15 minutes using the staining solution provided in the
kit. Furthermore, the stain was eluted using the kit elution
buffer and read for absorbance at 570 nm using the FLU-
Ostar Omega plate reader (BMG Labtech, Ortenberg, Ger-
many). The percentage inhibition of the VCaP cell migra-
tion across the HUVEC membrane was calculated with re-
spect to the control and presented.

The percentage of inhibition was calculated using op-
tical density (OD) by the following formula: (1 – (Sample
OD/Control OD)) × 100.

Cell Cycle Analysis

Following the manufacturer’s instructions, the cell cy-
cle assay was performed using the kit method. 200 nM, 400
nM, and 800 nM of TES7832 were added to VCaP cells at a
density of 5 × 105 cells per well in a 6-well plate, and then
the cells were incubated for 72 hours. 50 µL of Guava cell
cycle reagent (#4500-0220, Merck Millipore, WI, USA)
was added after two PBS washes, followed by a 15-minute
dark incubation period, two wash buffer washes, and a re-
suspension in HBSS buffer. Guava EasyCyte™ flow cy-
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Fig. 2. High-throughput Virtual Screening of ChemBridge library. (a) Histogram representation of predicted docking scores for
ChemBridge compounds, ranked based on binding energy, to the TMPRSS2 SRCR domain. (b) Histogram representation of the top 20
compounds ranked based on the docking energies.

tometer (0500-5005, Merk Millipore, Madison, WI, USA)
was used to collect 10,000 events, and ExpressPro software
(Burlington, CA, USA) was used to analyze the data. Re-
sults show the proportion of cell populations in each stage
of the cell cycle.

Statistical
All experiments were performed in triplicate, and data

were expressed as mean± standard deviation (SD). Statisti-
cal analysis was conducted using GraphPad Prism software
(version 6.0; La Jolla, CA, USA). GI50 and IC50 were cal-
culated using a non-linear regression fit model with variable
slope and plotted accordingly. Statistical difference was an-
alyzed using one-way ANOVA (Analysis of Variance) fol-
lowed by Tukey analysis. Statistical significance was set at
p < 0.05.

Results

Structure Analysis of TMPRSS2
Toward identifying the best possible lead compound

binding to the SRCR domain of TMPRSS2, the 3D struc-
ture of TMPRSS2 was retrieved. The full-length structure
of TMPRSS2 retrieved from theAlphaFold database, which
is processed by removal of disordered regions (1-115), re-

vealed two critical domains, viz., the SRCR domain at the
N-terminal and the CoV S protein binding domain at the C-
terminal (Fig. 1a). Ligand binding cavity prediction identi-
fied a prominent pocket at the N-terminal region, primarily
encompassing the entire SRCR domain (Fig. 1b).

High-Throughput Virtual Screening of ChemBridge
Compounds Against the SRCR Domain of TMPRSS2
Protein

To identify the best lead molecule inhibitor of TM-
PRSS2, the whole ChemBridge library was screened
against TMPRSS2. Screening of the ChemBridge library,
containing compounds ranging from 350 kDa to 750 kDa
against the SRCR domain of TMPRSS2 identified a wide
range of compounds with favorable binding energies, as il-
lustrated by the histogram distribution of docking scores
(Fig. 2a). Among these, the top 20 compounds demonstrat-
ing significant favorable binding energies were chosen for
further evaluation (Fig. 2b).

ADMET Property Prediction to Identify Top Lead
Molecule Against TMPRSS2

Toward narrowing down the list of the top predicted
compounds with favorable binding energies for further in
vitro evaluation, ADMET properties were calculated. AD-
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Fig. 3. Chemical Absorption, Distribution, Metabolism, Excretion, and Toxicity (ADMET) property prediction. (a) Histogram
representation of ADMET-AI tool (https://admet.ai.greenstonebio.com/) predicted properties for the top 20 compounds, including logP,
AMES, hERG, and Caco2_wang. (b) Predicted drug-like properties for the top compound TES7832.

MET property assessments for the top 20 compounds, us-
ing ADMET_AI, revealed favorable drug-like properties,
including acceptable logP values, low toxicity potential
(AMES test), potential for cardiotoxicity and arrhythmias
(hERG), and permeability across Caco-2 cells (Fig. 3a).
Based on these predictions, TES7832 (N-(3,5-dibromo-2-
pyridinyl)-1-naphthamide) was identified as the top candi-
date with optimal predicted drug-like properties for further
studies (Fig. 3b).

Protein-Ligand Interaction Analysis Identifies a
Favorable Binding Pose for TES7832

Docking studies showed TES7832 bound firmly to
the SRCR domain of TMPRSS2. Toward understanding
the binding of the predicted lead molecule, TES7832, the
protein-ligand complex was analyzed for its binding pose
and interaction residues (Fig. 4a). Detailed interaction pro-
filing highlighted multiple hydrogen bonds and hydropho-
bic contacts between TES7832 and key residues at the
ligand-binding cavity (Fig. 4b). A 2D interaction map

further confirmed the involvement of crucial amino acid
residues in ligand binding. Key interactions include mul-
tiple hydrogen bonds and hydrophobic contacts with amino
acid residues such as Arg150, Asp482, and Tyr485 of HU-
VEC cells at 10,000 nM, which are critical for stable ligand
binding (Fig. 4c).

Molecular Dynamics Simulation of TMPRSS2:
TES7832 Complex

Toward understanding the dynamics of the predicted
lead molecule TES7832 when bound to the target protein
TMPRSS2, a 100 ns Molecular Dynamic (MD) simulation
was conducted, using the GROMACS simulation package
available at SiBioLEAD LLC. MD simulation of the TM-
PRSS2:TES7832 complex revealed stable ligand interac-
tions throughout the 100 ns trajectory. Snapshots of trajec-
tory frames taken before and after the simulation show that
the ligand-bound comfortably at the SRCR domain of the
TMPRSS2 protein (Fig. 5a,b). RMSD analysis, which is
a measure of quantifying the ligand binding stability over

https://www.discovmed.com/
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Fig. 4. Protein-ligand interaction analysis. (a) Predicted docking pose for the TES7832, showing ligand binding pose at the SRCR
domain of the TMPRSS2 protein. (b) Protein-ligand interaction profiling showing the bindingmode of TES7832with amino acid residues
at the predicted ligand-binding cavity of the TMPRSS2 protein. (c) 2D representation of protein-ligand interaction analysis showing
amino acid residue interactions and the type of interactions with TES7832. Images were created using Discovery Studio Visualizer
V2020 (Dassault Systèmes, San Diego, CA, USA).

time, confirmed minimal fluctuations, indicating a stable
binding conformation throughout the 100 ns simulation pe-
riod (Fig. 5c). Furthermore, the average protein-ligand hy-
drogen bonds calculated over the trajectory supported the
stability of the interaction (Fig. 5d).

Binding Free Energy Estimation Identifies TES7832
Has a Favorable Binding Affinity Toward TMPRSS2

In order to calculate the binding free energy of
TES7832 with TMPRESS2, MMPBSA-based binding free
energy analysis was performed, using the GMX_MMPBSA
package available in the SiBioLEAD LLC MD simula-
tion module. MMPBSA-based binding energy estimation
calculated from the 100 ns trajectory indicated a favor-
able Gibbs free energy for the TMPRSS2:TES7832 com-
plex, –36.76 kcal/mol (mean ± 5.63 standard deviation),
based onVDWAALS (van derWaals energy), which is non-
bonded Lennard-Jones interactions, EEL (Electrostatic en-
ergy), which is Coulombic (charge-charge) interactions in
vacuum, bond, angle, and dihedral, suggesting a strong and
stable binding (Fig. 6).

TES7832 Inhibited the TMPRSS2 Activity and
Controlled the VCaP Cell Proliferation

To augment the computational analysis of the
lead compound, cell-free TMPRSS2 activity was tested.
TES7832 dose-dependently inhibited the TMPRSS2 activ-
ity with an IC50 value of 484.1 ± 21.88 nM (Fig. 7a). The
standard compound camostat exhibited an IC50 value of
4.72 ± 0.84 nM against the TMPRSS2 activity (Fig. 7b).
To evaluate the translation of the TMPRSS2 inhibition at
the cellular level, the antiproliferative effect of TES7832
was checked in VCaP and LNCaP cells. TES7832 inhib-
ited VCaP cell proliferation with a GI50 value of 392 ±
39.15 nM (Fig. 8a). However, the compound did not make
a change to the proliferating LNCaP cells. The viability of
LNCaP cells was unaltered up to 10,000 nM of TES7832
treatment (Fig. 8b). Next, the effect of TES7832 on the
HUVEC that express ERG was examined. There was no
significant change in the viability of HUVEC cells with up
to 10,000 nM TES7832 treatments (Fig. 8c). To check the
effect of TES7832 on normal prostate cells, we tested the
effect on the proliferation of RWPE-1 cells. The viability
of these cells was not altered even at 10,000 nM TES7832
treatment (Fig. 8d).

https://www.discovmed.com/
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Fig. 5. Molecular dynamic simulation of protein-ligand complex. (a,b) Snapshot of trajectory frames at different time points, showing
the stability of the ligand interaction. (c) Predicted ligand Root Mean Square Deviation (RMSD) calculated from 100 ns trajectory
frames from TMPRSS2:TES7832. The black-dotted circle indicates the beginning of ligand stability. (d) Average protein-ligand h-
bonds calculated from 100 ns simulation trajectories from TMPRSS2:TES7832. Images were created using Discovery Studio Visualizer
V2020 (Dassault Systèmes, San Diego, CA, USA).

Fig. 6. Molecular Mechanics Poisson-Boltzmann Surface Area (MMPBSA)-based binding free energy estimate. Predicted Gibbs
binding free energy estimate of 100 ns trajectory frames from TMPRSS2:TES7832 complex. Error bar represents mean ± standard
deviation (SD). ∆, energy change; ANGLE, angle bending energy; DIHED, dihedral/torsional energy; VDWAALS, van der Waals
energy; EEL, Electrostatic energy; 1-4 VDW, 1-4 van der Waals energy; EPB, polar solvation energy (Poisson–Boltzmann); ENPOLAR,
nonpolar solvation energy; EDISPER, dispersion energy; GGAS, gas-phase energy; GSOLV, solvation free energy; TOTAL, total binding
free energy.

https://www.discovmed.com/
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Fig. 7. Effect of TES7832 on TMPRSS2 activity. Variable concentrations (0.1 nM to 10,000 nM) of (a) TES7832 or (b) the stan-
dard compound camostat were tested against the TES7832 activity, and their half-maximal inhibitory concentration (IC50 values) were
presented. Results expressed as mean± SD from three experiments were analyzed using GraphPad Prism software (version 6.0; Graph-
Pad Software Inc., La Jolla, CA, USA).

Fig. 8. Effect of TES7832 on cell growth/proliferation. The 50% growth inhibition concentration (GI50) values of antiproliferative
activity for TES7832 on (a) VCaP cells are presented. The compound was checked for its effect on the viability of (b) LNCaP, (c) human
umbilical vein endothelial cells (HUVEC), and (d) RWPE-1 cells. TES7832 did not exhibit a significant change in the viability of these
cells at the concentration range tested. The MTT assay was used to assess cell proliferation and viability, and mean ± SD values of
percentage proliferation inhibition or cell viability were analyzed using GraphPad Prism version 6.0 software. NS, non-significant.

https://www.discovmed.com/
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Fig. 9. TES7832 inhibited the ERG-positive population in selective cells. (a) TES7832 dose-dependently decreased the endogenous
ERG-positive population in VCaP cells, while not affecting the levels of ERG-positive HUVEC cells at a much higher concentration.
Representative graphs are depicted. (b) The numerical data are the average of three individual experiments. Statistical significance at *
p < 0.05; NS, Non-significant.

TES7832 Attenuated ERG and AR in VCaP Cells
The effect of TES7832 on the endogenous ERG-

positive populations of VCaP cells was tested. The com-
pound dose-dependently decreased the ERG-positive pop-
ulation in VCaP cells (Fig. 9a). 200 nM treatment of
TES7832 reduced the ERG population to 34.51 ± 4.91%
from 57.8± 6.94% as that of the untreated control (Fig. 9b).
Treatment of 400 nM and 800 nM of TES7832 further de-
creased these populations to 19.60 ± 5.88% and 7.14 ±
3.02%, respectively (Fig. 9b). The effect of TES7832 on
endogenous ERG of HUVEC cells was also tested. The
compound did not make a change to ERG populations of
HUVEC cells at 10,000 nM (Fig. 9a,b). We tested the
endogenous AR levels with TES7832 on VCaP, LNCaP,
and HUVEC cells (Fig. 10a). Treatment with 200 nM
TES7832 decreased the endogenous AR-positive popula-
tion from 61.77 ± 7.10% to 33.00 ± 8.16% in VCaP cells,
which further reduced to 21.61± 5.84% and 14.97± 6.66%
in these cells with 400 nM and 800 nM TES7832 treat-
ments, respectively (Fig. 10b). The endogenous AR levels
of both HUVEC and LNCaP cells were not altered by the
TES7832 treatment of 10,000 nM (Fig. 10b).

TES7832 Induced Apoptosis and Inhibited the
HGF-Stimulated Migration, and Caused G2/M
Phase Accumulation of the VCaP Cell Cycle

Treatment with TES7832 enhanced the number of
early and late-phase apoptotic cells in the VCaP cells, even-
tually increasing total apoptosis (Fig. 11a). TES7832 treat-
ment at 200 nM, 400 nM, and 800 nM raised total apoptosis

to 24.81 ± 3.55%, 35.73 ± 6.71%, and 45.10 ± 2.29% in
VCaP cells, respectively, while the control exhibited 3.62
± 1.77% of total apoptotic populations (Fig. 11b). Next,
the antimetastatic efficacy of TES7832 in VCaP cells was
tested by HGF-induced trans-endothelial cell migration as-
say. TES7832 dose-dependently inhibited the endothelial
transmigration of VCaP cells across the HUVEC cell mem-
brane under the influence of HGF (Fig. 11c). We then anal-
ysed the effect of TES7832 on the cancer cell cycle. When
treated with TES7832, an increase in the G2/M phase ac-
cumulation of the cell cycle was observed in the VCaP
cells in dose dose-dependent way (Fig. 12a). TES7832
treatment at 200 nM, 400 nM, and 800 nM raised G2/M
phase population to 20.01 ± 4.68%, 31.67 ± 2.49%, and
36.48 ± 3.96% in VCaP cells respectively, while the con-
trol exhibited 10.07± 2.40% of total apoptotic populations
(Fig. 12b).

Discussion

Prostate cancer remains one of the most prevalent
malignancies among men, with significant challenges in
identifying novel therapeutic targets [18]. One of the
defining features of aggressive prostate cancers is the TM-
PRSS2/ERG gene fusion, which leads to aberrant expres-
sion of the ERG oncogene and promotes tumor progres-
sion [19]. Despite its clinical significance, targeting the
TMPRSS2/ERG fusion has remained challenging due to the
lack of druggable sites in ERG and the limited exploration
of upstream regulatory elements like TMPRSS2 [20].
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Fig. 10. TES7832 inhibited the androgen receptor (AR)-positive population in VCaP cells. (a) The effect of TES7832 was assessed
in the VCaP, LNCaP, and HUVEC cells that express endogenous AR levels. Treatments with TES7832 dose-responsively inhibited the
AR-positive populations in the VCaP cells, sparing the LNCAP and HUVEC cells. Representative graphs are depicted. (b) The numerical
data are the averages from three individual experiments. Statistical significance at * p < 0.05; NS, Non-significant.

Given TMPRSS2’s involvement in this fusion, its N-
terminal SRCR domain emerges as a promising therapeutic
target. In this study, structural analysis of TMPRSS2 identi-
fied a well-defined ligand-binding pocket within the SRCR
domain. The SRCR domain in TMPRSS2 plays a crucial
role in its interactions with other proteins, particularly in
facilitating proteolytic activity essential for its biological
functions. It is involved in recognizing and binding lig-
ands, which is significant inmediating viral entry processes,
such as those exploited by coronaviruses [21]. Targeting
the SRCR domain offers therapeutic potential by inhibiting

these critical interactions and disrupting TMPRSS2-related
disease mechanisms, including prostate cancer [22]. This
structural insight provided a rationale for conducting a high-
throughput virtual screening of the ChemBridge library to
identify potential lead inhibitors targeting this critical re-
gion.

Virtual screening identified a diverse set of com-
pounds with favorable binding energies, fromwhich the top
20 compounds were selected for further evaluation. AD-
MET property predictions streamlined the list, ultimately
identifying TES7832 as the most promising lead. TES7832

https://www.discovmed.com/
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Fig. 11. Efficacy of TES7832 to promote apoptosis and inhibit hepatocyte growth factor (HGF)-mediated trans-endothelial mi-
gration. At 48 hours of treatment, the TES7832 promoted early and late-phase apoptosis in VCaP cells. (a) Representative graphs of the
Annexin V assay depicting the induction of early and late apoptosis by TES7832 in the VCaP cells. (b) Histograms represent the dose-
dependent efficacy of TES7832 in inducing early-phase, late-phase, and total apoptosis in VCaP cells. (c) TES7832 dose-dependently
decreased the migration of VCaP cells across the HUVEC membrane under 50 ng/mL HGF influence. All tests were conducted three
times, and representative results were provided. The results are expressed as mean ± SD and are statistically significant at *p < 0.05.

exhibited optimal drug-like properties, including accept-
able solubility and minimal toxicity predictions, making it
a strong candidate for further investigations.

Detailed protein-ligand interaction analysis revealed
that TES7832 binds firmly within the SRCR domain, form-
ing stable interactions with crucial residues, including
ARG150, ASP482, and TYR485. The presence of interac-
tions with residues at both the binding cavity and adjacent
regions highlights the robust binding profile of TES7832,
further supporting its candidacy as a potent binder. The
robustness of this binding was further validated through
molecular dynamics simulations, which demonstrated sta-
ble ligand interactions and minimal fluctuations over a 100
ns simulation period. The maintenance of hydrogen bonds
throughout the trajectory further highlighted the stability of
the TMPRSS2:TES7832 complex. The binding free en-
ergy estimation using MMPBSA analysis provided addi-
tional support for the strong and stable interaction between
TES7832 and TMPRSS2, with a favorable Gibbs free en-
ergy. This binding energy underscores the potential of
TES7832 as an effective inhibitor of TMPRSS2.

The uniqueness of this study lies in targeting the
SRCR domain of TMPRSS2, an underexplored therapeutic
site that plays a crucial role in the formation of the TM-
PRSS2/ERG fusion in prostate cancer [23]. By identify-
ing TES7832 as a lead compound with stable binding at
the SRCR domain and favorable drug-like properties, this
study sets the stage for further experimental validation and
development of targeted therapies aimed at disrupting the
TMPRSS2/ERG fusion axis in PC.

TES7832 inhibited the cell-free TMPRSS2 activity,
whichwas consistent with the observed computational anal-
ysis. The effect of TES7832was then checked on the prolif-
eration of two cell lines, VCaP and the LNCaP, that express
native TMPRSS2. The compound effectively inhibited the
proliferation of the VCaP cells but did not affect LNCaP
proliferation. While both these cells express the native TM-
PRSS2, only VCaP possesses the TMPRSS2/ERG gene fu-
sion [7,24]. We therefore reasoned that TES7832 targeted
the TMPRSS2/ERG instead of the native TMPRSS2. To
elucidate the specificity, we tested the effect of TES7832
on HUVEC cells that express ERG. The compounds did
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Fig. 12. Effects of TES7832 on VCaP cell cycle. At 72 hours of treatment, the TES7832 promoted G2/M cell cycle Arrest in VCaP
cells. (a) Representative graphs of the cell cycle assay depicting the population of VCaP cells at different cell cycle stages when treated
with TES7832 doses. (b) Histograms represent the dose-dependent efficacy of TES7832 in inducing G2/M cell cycle arrest in the VCaP
cells. All tests were conducted three times, and representative results were provided. The results are expressed as mean ± SD and are
statistically significant at *p < 0.05.

not affect the cell viability of HUVEC cells at a very high
concentration compared to the GI50 value of VCaP cells.
TES7832 exhibited a higher therapeutic index since it did
not affect normal prostate cell viability at many folds of the
GI50 value in VCaP cells.

To find the mechanistic pathway, the endogenous
ERG expression was studied in the VCaP cells with
TES7832 treatment. The compound dose-dependently re-
duced the ERG-positive populations in these cells. To elim-
inate other routes of ERG attenuation by the compound,
ERG-positive populations in HUVEC cells were analyzed.
HUVEC cells are positive for ERG but negative for TM-
PRSS2 [25]. The compound showed no effect in the ERG
levels of HUVEC cells, confirming the ERG attenuation
was mediated by the TMPRSS2.

We also assessed the impact of TES7832 on endoge-
nous AR in hormone-responsive prostate cancer cell lines,
as ERG expression in the TMPRSS2 environment is depen-
dent on AR [25]. For this, the VCaP cells (which are pos-
itive for the TMPRSS2/ERG and AR), LNCaP cells (that
express native TMPRSS2 and AR but do not possess the
TMPRSS2/ERG gene fusion), and the HUVEC cells (which
are negative for TMPRSS2 but possess the native ERG and
AR) were tested with TES7832 treatments. TES7832 dose-
dependently decreased the AR-positive populations only in
VCaP, but no significant effect was observed in the LNCaP
or the HUVEC cells. This was consistent with the in vitro
data, where the compound inhibited the proliferation of the
VCaP cells but did not alter the viability of LNCaP or the
HUVEC cells. Therefore, it is evident that TES7832 is a se-

lective inhibitor of the TMPRSS2/ERG fusion, sparing other
routes of endogenous ERG or AR levels.

Next, to elucidate the mode of cell death, we analyzed
the apoptosis with TES7832 treatment. A dose-dependent
effect of apoptosis induction was observed. HGF has a
significant role in TMPRSS2/ERG-mediated cell invasion
and metastasis. Studies report that HGF activated by TM-
PRSS2 promoted c-Met receptor tyrosine kinase signaling
and initiated a pro-invasive epithelial-mesenchymal transi-
tion (EMT) phenotype [24,26,27]. Chemical library screen-
ing revealed a potent bioavailable TMPRSS2 inhibitor that
inhibited prostate cancer spread in vivo [24]. Consistent
with the aforementioned observations, when the compound
was evaluated on the HGF-induced migration of VCaP
cells, a dose-dependent efficacy of the migration inhibition
was observed.

To more fully demonstrate the rationality of targeting
the TMPRSS2/ERG fusion in prostate cancer, it is impor-
tant to incorporate studies that highlight the functional sig-
nificance of the ERG erythroblast transformation-specific
(ETS) DNA-binding domain in mediating oncogenic sig-
naling [5]. This domain plays a central role by interacting
with cofactors such as bromodomain-containing protein 4
(BRD4), androgen receptor (AR), and enhancer of zeste ho-
molog 2 (EZH2), thereby reprogramming transcription and
promoting tumor progression through pathways like EMT,
proliferation, and invasion [28]. Including recent evidence
on therapeutic strategies, such as small molecule inhibitors,
PROTACs, and peptidomimetics, that directly target this
domain will help validate its role as a druggable and mecha-
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nistically justified target in TMPRSS2/ERG-driven prostate
cancer [29]. Compared to existing TMPRSS2 protease in-
hibitors such as Camostat, which primarily target the serine
protease domain and are designed to block viral entrymech-
anisms (e.g., SARS-CoV-2), TES7832 offers a distinct ad-
vantage by selectively targeting the SRCR domain impli-
cated in TMPRSS2/ERG fusion-driven oncogenic signaling
[30,31]. This domain-specific inhibitionmay thus provide a
more tumor-selective therapeutic strategy, minimizing sys-
temic protease inhibition and potentially reducing off-target
effects associated with broader serine protease inhibitors
[32]. A potential limitation of this study is the lack of in
vivo validation to confirm the therapeutic efficacy and phar-
macokinetic profile of TES7832 in a physiologically rele-
vant model. Additionally, the specificity of TES7832 to-
ward the SRCR domain of TMPRSS2/ERG fusion protein
requires further assessment to rule out off-target effects on
other SRCR-containing proteins.

Conclusion

To summarize, TES7832 was identified as a promis-
ing and selective inhibitor of TMPRSS2 by targeting its
SRCR domain, using a combination of high-throughput vir-
tual screening and molecular dynamics simulations. This
domain plays a critical role in the structural and functional
integrity of the TMPRSS2/ERG fusion protein. Functional
assays demonstrated that TES7832 significantly inhibited
proliferation and migration, while promoting apoptosis in
prostate cancer cells harboring the TMPRSS2/ERG gene fu-
sion, with minimal effects on fusion-negative cells, high-
lighting its selectivity. These findings provide a compelling
rationale for the continued development of TES7832 and its
structural analogs as targeted therapies for TMPRSS2/ERG-
driven prostate cancer. However, comprehensive in vivo
studies are warranted to evaluate its pharmacokinetics, ef-
ficacy, and safety in preclinical models.
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