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Targeting Prostate Cancer Cells by an Isopeptidase 
Inhibitor NSC632839

ABSTRACT

Objective: Posttranslational protein modifications are crucial for fine-tuning protein 
function. NSC632839 is a dual deubiquitination and desumoylation inhibitor. The 
desumoylation enzyme SENP2 is one of the targets of NSC632839. This study aimed to 
evaluate NSC632839 as an antiproliferative agent in prostate cancer (PCa).

Methods: The IC50 values for NSC632839 were determined in PCa cell lines PC3 and 
LNCaP and normal fibroblast cells CCD-1072Sk by crystal violet staining. The colony-
formation ability of PC3 and LNCaP cells upon NSC632839 treatment was evaluated 
by a 2D colony-formation assay. The expression level of SENP2 and its correlation with 
androgen receptor (AR) were investigated in PCa tissue samples using publicly avail-
able datasets.

Results: The IC50 values of NSC632839 were 3.1, 1.9, and 17.7 for LNCaP, PC3, and CCD-
1072Sk, respectively. In this IC50 concentration, NSC632839 completely abolished the 
colony-formation ability of PC3 cells. The expression level of SENP2 was elevated in 
metastatic PCa tissue samples and was correlated with the AR.

Conclusion: NSC632839 was an antiproliferative agent in PCa cells at low doses. 
Therefore, NSC632839 is a strong drug candidate requiring further studies.
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Introduction

The posttranslational modifications are crucial for the regulation of protein function and cel-
lular processes. While polyubiquitination is a mark to lead protein degradation, other types 
of ubiquitination play roles in cellular signaling or compartmentalization. The ubiquitination 
process requires a series of enzymatic actions. E1 transfers the ubiquitin moiety to the E2 
conjugating enzyme, and E3 ligase catalyzes the addition of ubiquitin to the target protein. 
K48 ubiquitination increases affinity of this target protein to the proteasome.1

Sumoylation is another type of posttranslational modification. Similar to ubiquitination, it 
requires serial action of E1, E2, and E3 enzyme activities. Posttranslational modifications are 
reversible processes to ensure proper regulation of protein function. Therefore, both deubiq-
uitination and desumoylation are in order.2

SENP enzymes are responsible both for preprocessing and deconjugation of SUMO proteins. 
Seven different SENP proteins are known, each with different roles and subcellular localiza-
tions. SENP1 and SENP2 have been commonly studied in terms of their function in cancer 
progression among other SENP enzymes.3

SENP2 has a role in regulation of both fatty acid metabolism and mitochondrial function.4,5 
P53 is also an important target of SENP2.6 These roles of SENP2 give a hint about the involve-
ment of SENP2 in cancer progression.
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NSC632839 is a non-selective isopeptidase inhibitor. SENP2 was 
identified as one of its targets.7 SENP proteins are designated targets 
for therapies in various types of cancer, especially in prostate can-
cer (PCa). However, the studies exploring the anti-cancer potential of 
SENP2 inhibitors such as NSC632839 is very limited in the literature.

In our study, the anti-cancer effect of NSC632839 in PCa was stud-
ied for the first time in the literature and also the expression level 
of SENP2 and its correlation with the androgen receptor (AR) in PCa 
tissue samples were evaluated using public databases.

Material and Methods

Small Molecule Inhibitor
NSC632839 was obtained from MedChemExpress (cat. no. 
HY-101491) and dissolved in dimethyl sulfoxide (DMSO) to obtain a 
20 mM stock solution.

Cell Culture
Androgen receptor negative PCa cells PC3 and AR positive PCa cells 
LNCaP were used. Normal fibroblastic CCD-1072Sk cells served as 
normal control cells. PC3 and LNCaP cell lines were cultured in RPMI 
medium (Gibco, Grand Island, NY, USA) containing 10% FBS (Gibco) 
and 1% penicillin/streptomycin antibiotics (Gibco), while CCD-
1072Sk cells were grown in DMEM medium (Gibco, Grand Island, NY, 
USA) containing 10% FBS and 1% penicillin/streptomycin antibiotics.

Cell Viability Analysis
PC3, LNCaP, and CCD-1072Sk cell lines were seeded in triplicate onto 
a 96-well plate at a density of 6.0 " 103, 12.0 " 103, and 12.0 " 103 cells/
well, respectively. After 24 hours, NSC632839 was applied to the cells 
in increasing concentrations. The duration of the treatment was 48 
hours. Crystal violet staining was performed to determine viability. 
Briefly, the cells were washed with 1x PBS and incubated with 0.5% 
crystal violet for 20 minutes at room temperature. After removal of 
the stain, the cells were washed serially with PBS and distilled water. 
Methanol was added to release the crystal violet from the cells, and 
the absorbance was measured at 590 nm in a plate reader. The viabil-
ity values were calculated with respect to the control, and IC50 values 
were plotted in GraphPad.

Colony Formation Assay
PC3 cells were seeded in 6-well plates at a density of 2 x 105 cells 
per well. After 24 hours, the cells were treated with NSC632839 at 
IC50 concentration. To obtain a low density of cells, the NSC-treated 
cells were reseeded into 6-well plates at a density of 300 cells per well 
after 24 hours. The cells were allowed to form colonies for 10 days by 

refreshing the medium in between. When the colonies became vis-
ible, they were stained with 0.5% crystal violet. Images were taken, 
and the number of colonies was quantified using ImageJ.

Analysis of SENP2 Expression
The data for PCa were downloaded from GEO and cBioportal8 data-
bases and analyzed with the GraphPad program.

Statistical Analysis
All in vitro experiments were repeated at least 3 times. The signifi-
cance was evaluated with a Student t-test between 2 groups and 
one-way ANOVA for more than 2 groups when appropriate. P < .05 
was accepted as significant.

Ethics Statement
The author declares that no human or animal subjects were used in 
this study. Therefore, informed consent or ethics committee approval 
is not required.

Results

To examine the effects of NSC632839 on PCa cell proliferation in vitro, 
human PC3 and LNCaP PCa cell lines and CCD-1072Sk cells as a con-
trol group were treated with NSC632839. After the 48-hour incuba-
tion period, cell proliferation was assessed. The effects of NSC632839 
on PC3, LNCaP, and CCD-1072Sk cell proliferation were analyzed. 
As shown in Figure 1, treatment with NSC632839 significantly sup-
pressed the proliferation of both PC3 and LNCaP PCa cells in a dose-
dependent manner. The IC50 values were calculated as 1.9 µM, 3.1 
µM and 17.7 µM for PC3 and LNCaP PCa, and CCD-1072Sk cell lines, 
respectively, to quantify the antiproliferative potency of NSC632839.

To evaluate the effect of NSC632839 on the colony-forming ability of 
PCa cells, a 2D colony formation assay was performed. PC3 cells were 
seeded and treated with the IC50 concentration of NSC632839. The con-
trol group received DMSO treatment. After the treatment period, the 2D 
colonies formed by the PC3 cells (Figure 2) were counted using ImageJ 
software. According to the results, there were no colonies observed in 
the treated groups in contrast to the control group treated with DMSO. 
The complete absence of colonies in the treated group proves that 
NSC632839 is able to completely abolish the ability of PC3 cells to form 
2D colonies. This finding indicates that the NSC632839 compound has 
a potent inhibitory effect on the clonogenic potential of the PC3 cells.

To further investigate the relationship between SENP2 mRNA expres-
sion and PCa progression, we queried the NCBI Gene Expression 
Omnibus (GEO) database (https:// www.ncbi .nlm.nih .gov/geo /) and 
identified a dataset (GDS1439) that contains mRNA expression mea-
surements from PCa patients. By analyzing the GDS1439 data, it was 
revealed that SENP2 expression was significantly increased as the 
disease progresses from benign to metastatic stage (Figure 3). Lastly, 
a significant positive correlation between AR and SENP2 expres-
sion was obtained from an analysis of the cBioPortal TCGA database 
(http://w ww.cbiop ortal.or g) (Figure 4). As AR is a crucial protein in 
PCa, these findings suggest that SENP2 could be a potential bio-
marker related to the progression of PCa.

Discussion

In our study, the antiproliferative effect of NSC was shown in PCa cells 
for the first time. NSC632839 diminished cell proliferation selectively 

MAIN POINTS
• NSC632839, as a dual deubiquitination and desumoylation 

inhibitor, exhibited a signi!cant antiproliferative e"ect on PCa 
cells (PC3 and LNCaP) in contrast to its minimal e"ect on nor-
mal !broblasts.

• SENP2 is a known target of the NSC632839 small molecule 
inhibitor.

• SENP2 expression is signi!cantly elevated in the late stages 
of PCa compared to earlier stages. SENP2 may be a potential 
prognostic biomarker for PCa progression.

https://www.ncbi.nlm.nih.gov/geo/
http://www.cbioportal.org
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in cancer cell lines compared to normal cells. This study provides evi-
dence that the NSC632839 small molecule exerts antiproliferative 
and anti-clonogenic effects on PCa cells, potentially through mod-
ulation of the SENP2 pathway. The estimated correlation between 
SENP2 and AR expression further supports the view that SENP2 could 
be a promising target for PCa therapeutics and disease monitoring.

The studies about NSC632839 is very limited, and these studies have 
been evaluating the apoptotic,9 autophagic10 potential of this inhibi-
tor and also its potential as a deubiquitinating enzyme inhibitor.11-14 
Only study about NSC632839 on PCa cells PC3 and Du-145 was by 
Gupta-Saraf et#al. In that study, the effect of the oncolytic virus mam-
malian orthoreovirus (MRV) on HIF1α stability was evaluated. It was 
reported that when the cells were treated with NSC632839 as a deu-
biquitination inhibitor, HIF1α stayed stable, proving that MRV led to 

HIF1α degradation via the proteasome system.12 Therefore, our study, 
not only in PCa but also for all cancer types, is the first study directly 
analyzing the anti-cancer potential of NSC632839 in the literature.

It was reported that NSC632839 is a dual deubiquitination and desu-
moylation inhibitor. SENP2 was recognized as a target at low con-
centration.7 The concentration we used in our study was quite low. 
Therefore, SENP2 was considered the relavant target of NSC in PCa 
cells, rather than the deubiquitinases USP2 and USP7.

NSC632839 was identified as an inducer of apoptosis in the absence 
of functional Caspase 9 by Aleo et#al. They reported that NSC632839 
exerted apoptotic activity by interfering with the ubiquitin-protea-
some system, acting as an isopeptidase inhibitor.9 In 2008, Nicholson 
et# al.7 determined that NSC632839 was not only a deubiquitinase 

Figure#1. The e!ect of NSC632839 on PCa proliferation in vitro. (A) Dose-dependent e!ect of NSC632839 on PC3 cells. (B) Dose-dependent 
e!ect of NSC632839 on LNCaP cells. (C) Dose-dependent e!ect of NSC632839 on CCD-1072Sk cells. (D) IC50 values of NSC632839 for each 
cell line. Statistically signi$cant di!erences are given as a result of Student’s t-test: *P < .05, **P < .01, ***P < .001.

Figure#2. The e!ect of NSC632839 on clonogenic potential. (A) Control and NSC632839-treated PC3 colonies. (B) Number (%) of NSC632839 
treated PC3 colonies. Statistically signi$cant di!erences are given as a result of Student’s t-test: *P < .05, **P < .01, ***P < .001.
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but also a desumoylase inhibitor. Its activity against USP2, USP7, and 
SENP2 was at 45, 37, and 9.8 µM, respectively. In our study, the IC50 
values obtained for cancer cells PC3 and LNCaP were 1.9 and 3.1 µM, 
respectively.

It was already revealed that SENP1 and SENP2 deconjugate SUMO 
protein from AR. However, AR transcriptional activity was regulated 
more efficiently by SENP1.15 In our study, a strong correlation was 
shown between the expression levels of AR and SENP2. Therefore, 
SENP2 may play a role in the stability of AR by desumoylation.

In conclusion, the present study combined in vitro experiments 
and bioinformatics analyses to elucidate the antiproliferative and 
anti-clonogenic potential of the NSC632839 small molecule inhib-
itor and identified the expression profile of SENP2 as a relevant 
target in PCa disease progression. Findings from in vitro studies 
indicate that NSC632839 exhibited a significant antiproliferative 
effect on PCa cell lines, in contrast to its minimal effect on nor-
mal fibroblast cells. Further analysis revealed that the NSC632839 
small molecule potently suppressed the colony-forming capacity 
of PC3 cells, suggesting it can be a candidate drug against PCa. 
The study then examined the expression levels of the SENP2 gene 
across the PCa disease spectrum by querying gene expression 
databases such as the GEO. The results suggested that SENP2 
exhibits significantly elevated expression in the late stages of PCa 
relative to the earlier disease stages. This suggests that SENP2 
may hold promise as a potential prognostic biomarker for PCa 
progression. However, the limitation of this study was the utiliza-
tion of only one dataset for PCa tissue samples and AR correlation 
studies. Further functional analyses, such as migration, invasion, 
and apoptosis assays, will be warranted to analyze the effect of 
NSC632839 on PCa cells.
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