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High grade serous ovarian cancer (HGSOC) is the most lethal of all gynecologic
malignancies in which themajority of patients eventually develop chemoresistant
recurrent disease. Ubiquitin C-terminal hydrolase L1 (UCHL1) is a deubiquitinating
enzyme canonically known for its involvement in neurodegeneration, but
recently has been shown to play a key role in tumorigenesis. Furthermore,
UCHL1 has garnered attention across a multitude of cancer subtypes as it has
the ability to be targeted through small molecule inhibition. Therefore, the goal of
this present study was to elucidate mechanistic consequences of small molecule
UCHL1 inhibition in HGSOC. Comparative label-free proteomic analysis of
HGSOC cell line, OVCAR8 revealed prominent changes in cell metabolism
proteins upon treatment with UCHL1 small molecule inhibitor, LDN-57444.
Further validation via Western blot analysis revealed that changes in cell
metabolism proteins differed in matched chemosensitive versus
chemoresistant HGSOC cells. Finally, cell viability analysis demonstrated that a
combinatorial carboplatin and LDN-57444 blockade produced a promotion or
conversely, inhibition of cell death, in chemoresistant, and chemosensitve
HGSOC cells, respectively. This phenomenon was further corroborated by
respective differences in activation levels of common tumor cell growth
pathways STAT3, MAPK/ERK, and AKT in chemoresistant versus
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chemosensitive HGSOC cells. Overall, this investigation established that
pharmacologic targeting of UCHL1 produces differential effects according to
HGSOC chemosensitivity status.

KEYWORDS

high grade serous ovarian cancer (HGSOC), chemoresisitance, chemosensitivity, LDN-
57444, Uchl1

Introduction

High-grade serous ovarian cancer (HGSOC) is a highly
aggressive disease and the most lethal of all gynecologic
malignancies. In the United States alone, it is estimated that in
2024, there would be 19,680 new diagnoses of ovarian cancer and
12,740 deaths attributed to this disease (American Cancer Society,
2024). While a relatively rare cancer diagnosis, with a lifetime risk
1.3% and a 5-year survival of 46%, ovarian cancer remains the fifth
leading cause of cancer-related deaths in female patients (Siegel
et al., 2020). This high rate of mortality from an HGSOC diagnosis is
driven by many patients presenting at a late stage, and despite
responding well to frontline platinum-taxane based chemotherapy,
the majority of these patients recur shortly following initial
remission (Luvero et al., 2019). While strategies for ovarian
cancer surveillance have been examined in the general and high-
risk populations, at this time there are no diagnostic or therapeutic
options that have been shown to change overall survival outcomes at
this time, with the exception of patients that are homologous
recombination deficient (Jacobs et al., 2016; Rosenthal et al.,
2017). Therefore, novel targeted treatments are greatly needed for
patients who do not respond to traditional chemotherapy-based
approaches.

Ubiquitin C-terminal hydrolase-L1 (UCHL1) is a
deubiquitinating enzyme that possesses dual activity of
deubiquitination and ubiquitin (Ub) ligase activity (Liu et al.,
2002). UCHL1 is involved in regulation of free Ub pools,
lysosomal activity, cellular signaling and cytoskeleton dynamics
(Grabbe et al., 2011; Zhang et al., 2014). While UCHL1 is known
to be predominantly expressed in the brain and plays a central role
in neurodegenerative diseases (Zhang et al., 2014; Das et al., 2006;
Day and Thompson, 2010; Setsuie and Wada, 2007), studies have
also established its function in ovarian development and fertility
(Woodman et al., 2022). Recently, there has been an explosion of
research elucidating the role of UCHL1 in cancer. Interestingly, the
function of UCHL1 in cancer has been heavily debated as numerous
studies, even within the same cancer subtype has shown that
UCHL1 can operate both as a suppressor and promoter of
tumorigenesis (Wang et al., 2023). Furthermore,
UCHL1 represents a promising novel therapeutic approach, as it
has the ability to be targeted with a selective small molecule inhibitor
(Wang et al., 2023). While the efficacy of UCHL1 small molecule
inhibition has been previously demonstrated in HGSOC (Tangri
et al., 2021), there have collectively been a lack of studies that have
evaluated this pharmacologic inhibition in heterogenous HGSOC
models and the mechanistic adaptations that result from this
blockade. Hence, in the current investigation, we sought to
characterize the implications of UCHL1 small molecule
inhibition in both chemosensitive and chemoresistant HGSOC

cells, generating an unprecedented understanding of the clinically
relevant implications of targeting UCHL1.

Materials and methods

Cell culture

HGSOC cell lines PEA1/2 were purchased fromMillipore Sigma
and cultured in RPMI1640 media supplemented with 2 mM of
sodium pyruvate with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin. The OVCAR8 HGSOC cell line was
obtained from American Type Culture Collection (ATCC) and
cultured in Dulbecco Modified Eagle Medium (DMEM)
supplemented with 10% FBS and 1% penicillin/streptomycin. All
three cell lines were maintained in a 37°C/5% CO2 humidified
chamber. Cells were treated with UCHL1 small molecule
inhibitor at varying concentrations (5µM–40 µM as noted),
LDN-57444 (Sigma Aldrich, L4170), 200 µM or 400 µM of
carboplatin (Santa Cruz Biotechnology, CAS 4157.5-94-4) or
DMSO control (Sigma Aldrich, D54879). All cell treatment
timepoints were 48 h. Dose curve responses for each cell line to
LDN-57444 can be seen in Supplementary Figure 1.

S-Trap digestion and desalting

Samples (Treatment, labeled as “I” and Control labeled as “CD”,
n = 4 per group) were transferred to the custody of the Proteomics
Core Facility in approximately 100 μL o f Lysis Buffer (5% Sodium
Dodecyl Sulfate (SDS, Invitrogen, 15553-035) in 50 mM
Triethylammonium Bicarbonate Buffer pH 7.5 (TEAB, Sigma
Aldrich, T7408-100 ML)) for proteomic profiling. Protein
concentration was estimated using 2 μL of sample on a
Nanodrop One (Thermo Fisher Scientific) and approximately
100 μg per sample was subject to enzymatic digestion via S-Trap
(Protifi, C02-micro-40) as specified by the manufacturer with some
modifications. Samples were reduced using 5 μL of Dithiothreitol
(DTT, 10 mM final concentration, Sigma Aldrich, 646563-
10X.5 ML) and incubated at 55°C for 45 min with mixing.
Following incubation, samples were alkylated using 5uL of
Iodoacetamide (IAM, 20 mM final concentration, Thermo
Scientific, A39271) and incubated at room temperature in the
dark for 30 min. Following alkylation, samples were acidified
using 5 μL of Phosphoric Acid (2.5% final concentration, Sigma
Aldrich, 79617-250 ML), and vortexed for 30 s 330 μL of ice-cold
Binding Buffer (9 parts LC/MS Grade Methanol (ACROS Organics,
61513-0025):1 part 1M TEAB (100 mM Final concentration)) was
added to each sample before the entire sample was transferred to
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each S-Trap spin column and centrifuged for 30 s at 4000xg. Each
sample was then washed three times with 150 μL of binding buffer.
Following protein washing, 1 vial (20 μg) of Trypsin (Promega,
V5111) was reconstituted in 50 mM TEAB and added to each micro
spin column to yield a final concentration of 1 μg of trypsin for 20 μg
of protein in 100 μL. Samples were then moved to a humidified
chamber in a 37*C incubator and left overnight (18 hr). On Day 2,
samples were left to cool to room temperature for 15 min before
40 μL of 50 mM TEAB was added, and each sample was centrifuged
for 1 min at 4000xg. Peptides were eluted with 40 μL of LC/MS grade
Water (Honeywell, 39253-4X2.5L) and 0.1% Formic Acid (Fisher
Scientific, A117-50), and centrifuged again for 1 min at 4000xg.
Finally, to completely elute hydrophobic peptides, 40 μL of 50% LC/
MS Grade Acetonitrile (Fisher, A955-4) was added to each sample
and allowed to stand for 5 min before being centrifuged for 1 min at
4000×g. Each sample was concentrated using a speed vacuum
concentrator (Thermo Fisher Scientific) for approximately
90 min. With solvent removed, samples were reconstituted in
100 μL of Solvent A (Water with 0.1% Formic Acid) and spiked
with indexed retention time peptides (Biognosys, Ki-3002-1) in a 1:
50 dilution to monitor HPLC performance.

LC-MS proteomic analysis

Samples were then injected onto a QExactive Orbitrap LC/MS
system (Thermo Fisher Scientific) and separated over a 120-min
gradient consisting of solvent A (water + 0.1% Formic Acid), and
solvent B (Acetonitrile and 0.1% Formic Acid) using a split-flow set-
up on an Agilent 1200 series HPLC system. A 15 cm long (75um ID)
capillary analytical column packed with XSelect CSH C18 2.5 μm
resin (Waters) from the IDeA National Resource for Quantitative
Proteomics at the University of Arkansas for Medical Sciences
(UAMS) was used to separate digested peptides. The 120-min
gradient consisted of 95% Solvent A for 1 min, 70% solvent A
for 94min, 5% solvent A for 6 min and finally 100% solvent A for the
remaining 20 min all at a flow rate of 0.240 mL/min. The mass
spectrometer acquisition utilized a Full MS/ddMS2 (Top9) centroid
experiment. Full MS parameters used a default charge state of 2,
1 microscan, resolution of 70,000, AGC target of 3e6, 200 ms
Maximum Injection time, in a scan range of 400–1800 m/z.
ddMS2 parameters were 1 microscan, resolution of 17,500, AGC
target of 2e4, a max injection time of 200 ms, a loop count of 9, Top
9 precursors, Isolation window of 2.5 m/z, collision energy of 28, and
a scan range of 200–2000 m/z. Data dependent settings consisted of
a minimum AGC target of 2e2, 1e3 intensity threshold, unassigned
charge exclusion, all charge states, preferred peptide match, isotope
exclusion, 30 s of dynamic exclusion.

Label free quantitation and MaxQuant
search parameters

Raw files were processed using MaxQuant (Ver 2.1.4) using 1%
peptide and protein FDR search constraints, all values were default
except for 20 ppm first search tolerance and 7 ppm main search
tolerance against the latest version of the UniProt protein.fasta file
for Homo sapiens (canonical and isoform, 20230316). Variable

modifications consisted of just oxidation (M) and protein
N-terminal Acetylation. Carbamidomethylation was the sole
static modification for the Trypsin/P search. Match between runs
algorithm was unselected and intensity-based absolute
quantification (iBAQ) was selected. The proteingroups.txt file
output was further processed in excel and Relative IBAQ was
calculated as the intensity of each protein divided by the sum of
all intensities for each given sample.

Western blot

Protein extraction, Western blot, and imaging were performed
as previously described (Ebott et al., 2024). Band density analysis
was performed in ImageJ. All uncropped blots can be seen in
Supplementary Material 1.

Antibodies and respective dilutions used were as follows:

NumbL- (Proteintech, 10111-1-AP, 1:500)
CEP55- (Proteintech, 23891-1-AP, 1:500)
ASNS- (Proteintech, 14681-1-AP, 1:500)
GPT2- (Proteintech, 16757-1-AP, 1:500)
GAPDH- (Santa Cruz Biotechnology, 47724, 1:1,000)
PSAT1- (Proteintech, 10501-1-AP, 1:500)
pSTAT3-(Cell Signaling, 9131S, 1:500)
STAT3-(Cell Signaling, 4904S, 1:500)
pAKT-(Proteintech, 28731-1-AP, 1:500)
AKT-(Cell Signaling, 9272S, 1:500)
pERK-(Proteintech, 28733-1-AP, 1:500)
ERK-(Proteintech, 11257-1-AP, 1:500)
Anti-Rabbit (Cell Signaling, 7074S, 1:1,000)
Anti-Mouse (Cell Signaling, 7076S, 1:1,000)

Cell viability assays

HGSOC cell lines were seeded in a 96-well plate change to
(20,000 cells/well). After 24-h cells were treated with a
combination of LDN-57444 and carboplatin, or respective
DMSO control. After 48 h of treatment, 10µL/well of CellTiter
96® Aqueous One Solution proliferation MTS Assay (Promega,
G3580) was added to the cells and incubated at 37°C/5% CO2 for
1 h and read at 490 nm in order to assess HGSOC cell viability.
For 3D cell viability assays, cells were seeded in a 96 U-bottom
plate (SBio, MS-9096UZ) (8,000 cells/well). After 24-h cells were
treated with a combination of LDN-57444 and carboplatin, or
respective DMSO control. PrestoBlue™ HS Viability Reagent
Thermo Fisher Scientific, P50200) was added at a 1:
100 concentration to the cells and incubated at 37°C/5% CO2

for 18 h and read at 570 nm and 600 nm and absorbance was
normalized to the 600 nm wavelength in order to assess HGSOC
cell viability 48 h after the combinatorial treatment.

cBioPortal

cBioportal (Cerami et al., 2012; Gao et al., 2013) was
employed to analyze the TCGA ovarian serous
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cystadenocarcinoma cohort from the Nature 2011 (n = 489)
study in order to determine UCHL1’s association with
platinum status.

KEGG analysis

KEGG analysis was performed in Database for Annotation,
Visualization, and Integrated Discovery (DAVID; https://
davidbioinformatics.nih.gov/) (Sherman et al., 2022; Huang
et al., 2009) All peptides with significantly differential
expression (p < 0.05) were analyzed as a “gene list” for the
DAVID “Functional Annotation Tool.” Further analysis was
performed via DAVID’s “KEGG_PATHWAY” function to
produce a list of significantly enriched KEGG pathways
(p < 0.05).

Statistical analysis

GraphPad Prism was employed for all statistical analyses.
Student t-tests were performed to determine differences in
percent abundance rates for proteomic analysis and relative
band density for Western blot replicates. All p-values reported
were 2-tailed and unadjusted. KEGG analysis reports adjusted
p-values using the Benjamini-Hochberg test with count =
2 and ease = 0.1.

Results

Proteomic implications of small molecule
UCHL1 inhibition in HGSOC cells

A comparative label-free proteomic analysis was performed in
HGSOC OVCAR8 cells treated with 10 µM of LDN-57444, which
revealed significant (p < 0.05) log2 fold-change (FC) in protein
expression, such as in, centrosomal protein of 55 kda
(CEP55, −7.21 FC), CD70 antigen (CD70,−4.18 FC), numb-like
protein (NumbL, −4.34 FC), phosphoserine aminotransferase
(PSAT1, 1.66 FC), alanine aminotransferase 2/glutamic-pyruvic
transaminase 2 (GPT2, 2.57 FC), asparagine synthetase (ASNS,
2.51 FC), and methyl phosphate capping enzyme (MEPCE,
4.86 FC) (Figure 1). A comprehensive list of all protein changes
can be seen in Supplementary Material 2. Interestingly, PSAT1,
GPT2, and ASNS are all prominent proteins involved in cell
metabolism (Zhang et al., 2020; Cao et al., 2017; Chi et al.,
2020), while NumbL and CEP55 are implicated in cell division
(García-Heredia et al., 2016), and cell cycle progression (Zhang et al.,
2023), respectively. MEPCE is a methyltransferase that adds a
monomethyl cap to small nuclear RNA (Patel et al., 2023), and
CD70 is expressed readily on tumor cells and enhances cancer and
regulatory T cell survival (Jacobs et al., 2015). KEGG analysis
revealed that one annotation cluster exhibited significant (p <
0.05) fold enrichment in pathways related to oxidative
phosphorylation, thermogenesis, neurodegeneration-multiple

FIGURE 1
LC-MC proteomic analysis of OVCAR8 subjected to small molecule UCHL1 inhibition. (A) Volcano plot demonstrating differential protein expression
in OVCAR8 cells treated with 10 µM of LDN-57444 relative to DMSO control for 48 h, measured by LC-MS. (B) Top differentially expressed proteins in
OVCAR8 cells treated with LDN-57444 relative to DMSO control. LC, liquid chromatography, MS, mass spectrometry.
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FIGURE 2
KEGG analysis of LC-MC proteomic results. Significant (p < 0.05) pathway fold enrichment in annotation cluster (A) 1 (B) 2, and (C) 3 of differentially
expressed proteins in OVCAR8 cells treated with LDN-57444 relative to DMSO control.

FIGURE 3
Validation of enriched proteins identified by proteomic analysis in OVCAR8 cells. Western blot analysis of (A) NumbL, CEP55, ASNS, GPT2, and
PSAT1, with respective GAPDH loading controls in OVCAR8 cells treated with either 10 µM of LDN-57444 or DMSO control for 48 h. Relative band
densities of (B) NumbL, (C) CEP55, (D) ASNS, (E) GPT2, and (F) PSAT1, normalized to GAPDH. Western blot analysis of (G) CEP55, ASNS, and PSAT1, with
respective GAPDH loading controls in OVCAR8 cells treated with either 13.3 µM of LDN-57444 or DMSO control. Relative band densities of (H)
CEP55, (I) ASNS, and (J) PSAT1, normalized to GAPDH. Error bars represent standard deviation of 3 biological replicated. *p < 0.05, **p < 0.005, as
indicated. ns, non-significant.
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diseases, Huntington disease, Parkinson disease, and Alzheimer
disease (Figure 2A). The analysis added validity and served as a
“positive control” to our results, as it is well known that UCHL1 is
implicated in neurodegenerative diseases (Liu et al., 2002; Zhang et al.,
2014; Das et al., 2006; Day and Thompson, 2010; Setsuie and Wada,
2007). In addition, annotation cluster 2 revealed further significant (p <
0.05) changes in cellular metabolic pathways such as cysteine and
methioninemetabolism, glycine, serine, and threoninemetabolism, and
biosynthesis of amino acids (Figure 2B). Finally in the third annotation
cluster significant (p < 0.05) fold enrichment was found in pathways
related to proteoglycans in cancer, bacterial invasion of epithelial cells,
and regulation of actin cytoskeleton (Figure 2C). Complete KEGG
analysis output can be seen in Supplementary Material 3.

Next, Western blot analysis was employed to validate proteomics
results in OVCAR8 cells at 10µM and 13.3 µM concentrations of LDN-
57444 treatment. Following 10 uM LDN-57444 it was determined that
there was a significant (p < 0.05) decrease in CEP55 expression, and a
significant (p < 0.05) increase in ASNS and GPT3, compared to the
DMSO control, with no significant changes in NumbL and
PSAT1 detected (Figures 3A–F). However, upon treatment with an
elevated LDN-57444 concentration of 13.3 µM, a similar significant (p<
0.05) decrease in CEP55 expression was observed, with a corresponding
striking significant (p < 0.005) upregulation of ASNS and PSAT1 in
treated cells compared to DMSO control (Figures 3G–J).

In addition to validating our proteomic findings in
OVCAR8 cells, we also sought to determine how these cellular
metabolism proteins change in other HGSOC cells, matched
chemosensitive and chemoresistant clones, PEA1, and PEA2,
respectively, in which PEA2 cells were obtained at the time of

progression from platinum-based therapy at 6 months. Therefore,
these matched cell lines allowed for the investigation of
UCHL1 small molecule inhibition as HGSOC progresses from a
chemosensitive to resistant state (Cooke et al., 2010) Interestingly, in
the PEA1 chemosensitive HGSOC cells there were no significant
difference in GPT2, PSAT1, or ASNS levels following LDN-57444
treatment compared to DMSO control (Figures 4A–D), while
conversely, in the PEA2 chemoresistant cells GPT2, PSAT1, and
ASNS, were all significantly (p < 0.05) upregulated in response to
UCHL1 small molecule inhibition, matching our OVCAR8 results
(Figures 4E–H). The concordance between our OVCAR8 and
PEA2 cells can partially be explained by the fact that
OVCAR8 cells are commonly thought to be moderately
chemoresistant, as they were obtained from a HGSOC patient
after a high dose of carboplatin (Schilder et al., 1990; Nunes
et al., 2021). Taken together, these proteomic results suggest that
pharmacologic inhibition of UCHL1 leads to pronounced
implications in cell metabolism in HGSOC, particularly in tumor
cells that possess a chemoresistant phenotype.

Combinatorial UCHL1 inhibition and
carboplatin demonstrates differential effects
on HGSOC cell death according to
platinum status

Next, we sought to assess tumor cell viability following
UCHL1 small-molecule inhibition and carboplatin treatment in
HGSOC cell lines. Interestingly, in OVCAR8 cells we observed a

FIGURE 4
Validation of enriched proteins identified by proteomic analysis in PEA1 and PEA2 cells. Western blot analysis of (A) GPT2, PSAT1, and ASNS with
respective GAPDH loading controls in PEA1 cells treated with either 10 µM of LDN-57444 or DMSO control for 48 h. Relative band densities of (B) GPT2,
(C) PSAT1, and (D) ASNS normalized to GAPDH. Western blot analysis of (E)GPT2, PSAT1, and ASNS with respective GAPDH loading controls in PEA2 cells
treated with either 5 µM of LDN-57444 or DMSO control. Relative band densities of (F) GPT2, (G) PSAT1, and (H) ASNS normalized to GAPDH. Error
bars represent standard deviation of 3 biological replicated. *p < 0.05, **p < 0.005, as indicated. ns, non-significant.
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significant (p < 0.05), albeit non-striking 4.8% decrease in LDN-
57444 (40 µM) and carboplatin treatment compared to carboplatin
alone, and a 2.9% decrease in cell viability in dual LDN-57444
(40 µM) and carboplatin treatment compared to LDN-57444
(40 µM) treatment alone (Figure 5A). Conversely, in the
PEA1 cells we observed a rescuing effect of UCHL1 inhibition on
cell survival, as dual LDN-57444 at the 10 µM and 20 µM
concentration with carboplatin lead to a significant (p < 0.0001)
38.2%, and 36.6% increase in viability, respectively, compared to
carboplatin treatment alone (Figure 5B). Finally, in chemoresistant
PEA2 cells, treatment with a 10 µM concentration of LDN-57444
and carboplatin led to a significant (p < 0.0001) 58.8% and 69.1%
decrease in cell viability compared to carboplatin alone and LDN-
57444 treatment alone, respectively (Figure 5C). In addition, we
observed similar trends following treatment with both LDN-57444
and carboplatin in OVCAR8, PEA1, and PEA2 spheroids
(Supplementary Figure 2). Overall, these results revealed
differential effects on HGSOC cell viability upon combinatorial
UCHL1 inhibition and chemotherapy according to platinum
sensitivity.

Small molecule inhibition produces
differential expression in activated cell
growth pathways in chemosensitive versus
chemoresistant HGSOC lines

To follow up on our cell viability results, we performed Western
blot analysis to observe how common tumor cell growth pathways
are affected by UCHL1 small-molecule inhibition in both
chemosensitive (PEA1) and chemoresistant (PEA2) cells.
Fascinatingly, in PEA1 cells we observed significant (p < 0.05)
increases in phospho(p)STAT3 following LDN-57444 treatment
compared to DMSO control, as well as an increase in pAKT

expression, which was non-significant. While pERK levels were
significantly (p < 0.05) increased following LDN-57444 treatment
upon normalization to GAPDH levels, this increase was non-
significant when normalized to total ERK. Conversely, upon
LDN-57444 treatment in PEA2 cells we observed a significant
(p < 0.05) decrease in pSTAT3 expression as well as a decrease
in pERK and pAKT that was non-significant (Figure 6). These
findings corroborated our cell viability analyses and suggested that
in chemosensitive HGSOC cells that UCHL1 inhibition promotes
tumor cell growth, while in chemoresistant HGSOC it combats
tumorigenesis. Importantly, we did not observe differences in
UCHL1 expression in PEA1 and PEA2 cells (Supplementary
Figure 3), and upon bioinformatic analysis of the TCGA ovarian
serous cohort, we did not observe significant differences in UCHL1
expression in chemosensitive versus chemoresistant tumors
(Figure 7), suggesting that UCHL1 expression is not responsible
for the differential effects observed in chemosensitive versus
chemoresistant HGSOC following exposure to UCHL1
pharmacologic inhibition.

Discussion

This study is the first to report that the efficacy of UCHL1 small
molecule inhibition in HGSOC is dependent upon platinum status.
Despite this finding, it has been well documented that
UCHL1 possesses dual functions as either an oncogene or tumor
suppressor. In colorectal cancer (CRC) (Zhong et al., 2012), non-
small cell lung cancer (NSCLC) (Kim et al., 2008), neuroendocrine
carcinoma (Liu et al., 2024), lymphoma (Hussain et al., 2010), gastric
cancer (Gu et al., 2015), and ER+ and triple-negative breast cancer
(Mondal et al., 2021), UCHL1 has been reported to function as an
oncogene, while in contrast, in nasopharyngeal (Li et al., 2010),
hepatocellular (Yu et al., 2008), and prostate (Ummanni et al., 2011)

FIGURE 5
Combinatorial efficacy of dual LDN-57444 inhibition and carboplatin in HGSOC cell lines. Cell viability analysis of (A) OVCAR8 (B) PEA1, and (C)
PEA2 cells treated with carboplatin (200 µM for OVCAR8/PEA1, 400 µM for PEA2) and varying LDN-57444 concentrations as noted alone and in
combination, with respective DMSO control for 48 h. Error bars represent standard deviation of ≥3 biological replicates. *p < 0.05, **p < 0.005, *****p <
0.00005, as indicated.
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cancers, it has been described as a tumor suppressor. Interestingly,
numerous studies have concluded that UCHL1’s deubiquitinase
activity is responsible for its promotion of oncogenesis (Zhong
et al., 2012; Hussain et al., 2010; Gu et al., 2015). Specifically, in
gastric cancer, it has been revealed that overexpression of
UCHL1 increases cell proliferation, migration, and invasion by
activating the AKT and ERK1/2 tumor growth pathways, a
phenomenon dependent on the enzymatic activity of UCHL1
(Gu et al., 2015). Furthermore, Hussain et al. found that
UCHL1 supports lymphoma development through AKT
activation and downregulation of the phosphatase PHLPP1,
which also requires deubiquitinase activity (Hussain et al., 2010).
Finally, Zhong et al. determined that UCHL1’s deubiquitinase
activity was responsible for CRC pathogenesis through activation
of the β-catenin-TCF pathway (Gu et al., 2015). In this current
investigation, we observed a decrease in activated tumor growth
pathways in chemoresistant PEA2 HGSOC cells following
UCHL1 small-molecule inhibition. Therefore, future studies
should determine whether UCHL1’s oncogenic function in
chemoresistant HGSOC cells is mechanistically driven by its
deubiquitinase activity. Conversely, prior studies have speculated
that UCHL1 functions as a tumor suppressor, as it is has been
demonstrated that UCHL1 forms a complex with and stabilizes p53

(Li et al., 2010; Xiang et al., 2012). However, as all three HGSOC cell
lines used in this study harbored p53 mutations (Cooke et al., 2010;
Leroy et al., 2015) this theory is unlikely to explain the differences in
cell growth and viability observed in this study following
UCHL1 small molecule inhibition.

The role of UCHL1, as specifically implicated in ovarian
pathogenesis, is similarly complex and multifaceted, as
demonstrated by this current study. Furthermore, a study by Jin
et al. in non-HGSOC epithelial ovarian cancer cell lines found that
the knockdown of UCHL1 halted tumor cell apoptosis and an
increase in cisplatin resistance (Jin et al., 2013). In addition, the
authors observed that UCHL1 expression in various tested cell lines
was inversely correlated with their cisplatin-resistant levels. While
we did not find any meaningful differences in expression in our cell
lines used, this discordance could be potentially be explained by the
fact that the majority of cell lines used in Jin et al. were of non-serous
histology. On the contrary, a study by Tangri et al. in HGSOC
revealed that UCHL1 is upregulated in HGSOC tumors and
contributes to ovarian pathogenesis through its mediation of
protein homeostasis via the PSMA7-APEH axis (Tangri et al.,
2021). In addition, it was found that using an in vivo
OVCAR8 xenograft model, LDN-57444 combated HGSOC tumor
growth and increased apoptosis rates (Tangri et al., 2021). Finally, as

FIGURE 6
Cell growth pathway changes in PEA1 and PEA2 in response to UCHL1 small molecule inhibition (A) pSTAT3/STAT3, pAKT/AKT, and pERK/ERK with
respective GAPDH loading controls in PEA1 and PEA2 cells treated with LDN-57444 (10 µ PEA1, 5 µM, PEA2) or DMSO control. Relative band densities of
pSTAT3 in PEA1 normalized to (B) GAPDH and (C) total STAT3. PEA2 pSTAT3 levels normalized to (D) GAPDH and (E) total STAT3. PEA1 pERK levels
normalized to (F)GAPDH and (G) total ERK. PEA2 pERK levels normalized to (H)GAPDH and (I) total ERK. PEA1 pAKT levels normalized to (J)GAPDH
and (K) total ERK. PEA2 pAKT levels normalized to (L) GAPDH and (M) total AKT. Error bars represent standard deviation of 3 biological replicated. *p <
0.05, **p < 0.005, as indicated. ns, non-significant.
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the authors reported both UCHL1 promoter hypomethylation and
the epigenetic upregulation of UCHL1, they theorized that mutant
p53 could be responsible for the transcriptional induction of
UCHL1 in HGSOC (Tangri et al., 2021). Nevertheless, this
proposed mutant p53 induction of UCHL1 fails to explain the
differences we observe in UCHL1 pharmacologic inhibition in
chemosensitive versus chemoresistant HGSOC cells, underscoring
the importance of future mechanistic studies to be initiated to
unravel this phenomenon.

While to the best of our knowledge, we are the first to report
efficacy of small molecule UCHL1 inhibition specifically in
chemoresistant HGSOC cells, there have been a number of
studies in cancer that have described UCHL1’s complex role in
both chemo- and drug-resistance (Ding et al., 2020; Lu et al., 2021;
Yang et al., 2018; Lee et al., 2021; Cucci et al., 2020; Ning et al., 2017;
Jin et al., 2015; Brinkmann et al., 2013). A study by Ning et al.
reported that breast cancer adriamycin-resistant cells secreted
UCHL1 containing exosomes that have the ability to be become
incorporated into adriamycin-sensitive breast cancer cells within the
tumor microenvironment (Ning et al., 2017). Conversely, in

hepatocellular carcinoma it was found that overexpression of
UCHL1 combated chemoresistance to verapamil and adriamycin
and enhanced apoptosis rates (Yang et al., 2018). In addition to the
differential effects of small molecule UCHL1 inhibition in
chemosensitve versus chemoresistant HGSOC cells that our
group observed, this investigation also revealed that prominent
intratumoral changes in cellular metabolism proteins was a
consequence of a UCHL1 blockade in cells specifically with a
chemoresistant phenotype. Intriguingly, a number of studies that
have described the role of UCHL1 and chemoresistance, have noted
that this association is tied together by metabolic adaptations.
Specifically, in NSCLC it was found that UCHL1 promoted
pemetrexed-based chemotherapy resistance via the upregulation
of thymidylate synthase (Ding et al., 2020) and in breast cancer
drove doxorubicin resistance through the stimulation of free-fatty
acid production (Lu et al., 2021). Finally, a study by Nakashima et al.
identified that UCHL1 is a novel upstream activator of hypoxia-
inducible factor 1 and demonstrated that UCHL1 overexpression led
to carbohydrate metabolism reprogramming and an increase in
NADPH levels dependent upon the pentose phosphate pathway
(PPP) (Nakashima et al., 2017). Finally, the group demonstrated in
breast cancer cells that inhibition of the PPP perturbed
UCHL1 mediated radioresistance (Nakashima et al., 2017). Taken
together, these studies suggest an association exists between cellular
metabolism changes driven by UCHL1 and chemo or drug
resistance. While a limitation of this current study is that the
mechanistic link between UCHL1 inhibition and the changes in
prominent cell metabolism pathways in both HGSOC
chemosensitive and chemoresistant preclinical models was not
investigated, this will be an imperative future direction.

One additional limitation of this current study is that we did
not compare small molecule inhibition with that of a
UCHL1 knockdown, which will be important to include in
future directions of this research in order to elucidate the role
of UCHL1 in HGSOC chemoresistance. However, for the
purposes of this study we chose to focus on small molecule
inhibition of UCHL1 as it is most clinically applicable and
translatable to HGSOC patient care. Furthermore, the
differential effects observed in chemosensitve and
chemoresistant HGSOC cells in vitro upon combinatorial
chemotherapy and UCHL1 blockade will need to be explored
in vivo in order to uncover any potential off target effects at
prolonged exposure timepoints. Taken together, this study
demonstrates the anti-tumor efficacy of small molecule
UCHL1 in HGSOC, specifically in the context of
chemoresistance. While a key future direction stemming from
this study involves elucidating the mechanism behind differences
in efficacy of LDN-57444 in chemosensitive versus
chemoresistant HGSOC cells, this investigation suggests that
UCHL1 is a novel therapeutic target to combat HGSOC
chemoresistance, an area of urgent clinical need.
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FIGURE 7
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SUPPLEMENTARY FIGURE 1
Dose response curves of LDN-57444 in HGSOC cell lines. Cell viability
analysis of (A) PEA1 (B) PEA2, and (C)OVCAR8, in response to varying doses
of LDN-57444 and DMSO control.

SUPPLEMENTARY FIGURE 2
Combinatorial efficacy of dual LDN-57444 inhibition and carboplatin in
HGSOC cell lines. Cell viability analysis of (A) OVCAR8 (B) PEA1, and (C)
PEA2 spheroids treated with carboplatin (200 µM for OVCAR8/PEA1,
400 µM for PEA2) and varying LDN-57444 concentrations as noted alone and
in combination, with respective DMSO control for 48 h. Error bars represent
standard deviation of ≥3 biological replicates. *p < 0.05, **p < 0.005, ***p <
0.0005, ****p < 0.00005, as indicated.

SUPPLEMENTARY FIGURE 3
Basal expression of UCHL1 in HGSOC cell lines. Western blot analysis of
UCHL1 in PEA1, PEA2, and OVCAR8 cells, with respective GAPDH
loading controls.

References

American Cancer Society (2024). Cancer facts and figures 2024. Atlanta: American
Cancer Society.

Brinkmann, K., Zigrino, P., Witt, A., Schell, M., Ackermann, L., Broxtermann, P., et al.
(2013). Ubiquitin C-terminal hydrolase-L1 potentiates cancer chemosensitivity by
stabilizing NOXA. Cell Rep. 3 (3), 881–891. doi:10.1016/j.celrep.2013.02.014

Cao, Y., Lin, S. H., Wang, Y., Chin, Y. E., Kang, L., and Mi, J. (2017). Glutamic pyruvate
transaminase GPT2 promotes tumorigenesis of breast cancer cells by activating sonic
hedgehog signaling. Theranostics 7 (12), 3021–3033. doi:10.7150/thno.18992

Cerami, E., Gao, J., Dogrusoz, U., Gross, B. E., Sumer, S. O., Aksoy, B. A., et al. (2012). The
cBio cancer genomics portal: an open platform for exploring multidimensional cancer
genomics data. Cancer Discov. 2 (5), 401–404. doi:10.1158/2159-8290.CD-12-0095

Chi, M., Taurino, G., Bianchi, M. G., Kilberg, M. S., and Bussolati, O. (2020).
Asparagine synthetase in cancer: beyond acute lymphoblastic leukemia. Front.
Oncol. 9, 1480. doi:10.3389/fonc.2019.01480

Cooke, S., Ng, C. K., Melnyk, N., Garcia, M. J., Hardcastle, M. J., Temple, J., et al.
(2010). Genomic analysis of genetic heterogeneity and evolution in high-grade serous
ovarian carcinoma. Oncogene 29 (35), 4905–4913. doi:10.1038/onc.2010.245

Cucci, M. A., Grattarola, M., Dianzani, C., Damia, G., Ricci, F., Roetto, A., et al.
(2020). Ailanthone increases oxidative stress in CDDP-resistant ovarian and bladder
cancer cells by inhibiting of Nrf2 and YAP expression through a post-translational
mechanism. Free Radic. Biol. Med. 150, 125–135. doi:10.1016/j.freeradbiomed.2020.
02.021

Das, C., Hoang, Q. Q., Kreinbring, C. A., Luchansky, S. J., Meray, R. K., Ray, S. S., et al.
(2006). Structural basis for conformational plasticity of the Parkinson’s disease-
associated ubiquitin hydrolase UCH-L1. Proc. Natl. Acad. Sci. U. S. A. 103 (12),
4675–4680. doi:10.1073/pnas.0510403103

Day, I. N., and Thompson, R. J. (2010). UCHL1 (PGP 9.5): neuronal biomarker and
ubiquitin system protein. Prog. Neurobiol. 90 (3), 327–362. doi:10.1016/j.pneurobio.
2009.10.020

Frontiers in Pharmacology frontiersin.org10

Jansen et al. 10.3389/fphar.2025.1547164

https://www.frontiersin.org/articles/10.3389/fphar.2025.1547164/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1547164/full#supplementary-material
https://doi.org/10.1016/j.celrep.2013.02.014
https://doi.org/10.7150/thno.18992
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.3389/fonc.2019.01480
https://doi.org/10.1038/onc.2010.245
https://doi.org/10.1016/j.freeradbiomed.2020.02.021
https://doi.org/10.1016/j.freeradbiomed.2020.02.021
https://doi.org/10.1073/pnas.0510403103
https://doi.org/10.1016/j.pneurobio.2009.10.020
https://doi.org/10.1016/j.pneurobio.2009.10.020
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1547164


Ding, X., Gu, Y., Jin, M., Guo, X., Xue, S., Tan, C., et al. (2020). The deubiquitinating
enzyme UCHL1 promotes resistance to pemetrexed in non-small cell lung cancer by
upregulating thymidylate synthase. Theranostics 10 (13), 6048–6060. doi:10.7150/thno.
42096

Ebott, J., McAdams, J., Kim, C., Jansen, C., Woodman, M., De La Cruz, P., et al.
(2024). Enhanced amphiregulin exposure promotes modulation of the high grade
serous ovarian cancer tumor immune microenvironment. Front. Pharmacol. 15,
1375421. doi:10.3389/fphar.2024.1375421

Gao, J., Aksoy, B. A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S. O., et al. (2013).
Integrative analysis of complex cancer genomics and clinical profiles using the
cBioPortal. Sci. Signal 269, pl1. doi:10.1126/scisignal.2004088

García-Heredia, S. E. M. V., Lucena-Cacace, A., Molina-Pinelo, S., and Carnero, A.
(2016). Numb-like (NumbL) downregulation increases tumorigenicity, cancer stem
cell-like properties and resistance to chemotherapy. Oncotarget 7 (39), 63611–63628.
doi:10.18632/oncotarget.11553

Grabbe, C., Husnjak, K., and Dikic, I. (2011). The spatial and temporal organization of
ubiquitin networks. Nat. Rev. Mol. Cell Biol. 12 (5), 295–307. doi:10.1038/nrm3099

Gu, Y. Y., Yang, M., Zhao, M., Luo, Q., Yang, L., Peng, H., et al. (2015). The de-
ubiquitinase UCHL1 promotes gastric cancer metastasis via the Akt and Erk1/
2 pathways. Tumour Biol. 3 (11), 8379–8387. doi:10.1007/s13277-015-3566-0

Huang, D. W., Sherman, B. T., and Lempicki, R. A. (2009). Systemic and integrative
analysis of large gene lists using DAVID bioinformatics resources. Nat. Protoc. 4 (1),
11–47. doi:10.1038/nprot.2008.211

Hussain, S., Foreman, O., Perkins, S. L., Witzig, T. E., Miles, R. R., van Deursen, J.,
et al. (2010). The de-ubiquitinase UCH-L1 is an oncogene that drives the development
of lymphoma in vivo by deregulating PHLPP1 and Akt signaling. Leukemia 24,
1641–1655. doi:10.1038/leu.2010.138

Jacobs, J., Deschoolmeester, V., Zwaenepoel, K., Rolfo, C., Silence, K., Rottey, S., et al.
(2015). CD70: an emerging target in cancer immunotherapy. Pharmacol. Ther. 155,
1–10. doi:10.1016/j.pharmthera.2015.07.007

Jacobs, I. J., Menon, U., Ryan, A., Gentry-Maharaj, A., Burnell, M., Kalsi, J. K., et al.
(2016). Ovarian cancer screening and mortality in the UK Collaborative Trial of
Ovarian Cancer Screening (UKCTOCS): a randomised controlled trial. Lancet 387,
945–956. doi:10.1016/S0140-6736(15)01224-6

Jin, C., Yu, W., Lou, X., Zhou, F., Han, X., Zhao, N., et al. (2013). UCHL1 is a putative
tumor suppressor in ovarian cancer cells and contributes to cisplatin resistance.
J. Cancer 4 (8), 662–670. doi:10.7150/jca.6641

Jin, Y., Zhang, W., Xu, J., Wang, H., Zhang, Z., Chu, C., et al. (2015). UCH-L1
involved in regulating the degradation of EGFR and promoting malignant properties in
drug-resistant breast cancer. Int. J. Clin. Exp. Pathol. 8 (10), 12500–12508.

Kim, H. J., Kim, Y. M., Lim, S., Nam, Y. K., Jeong, J., Lee, K. J., et al. (2008). Ubiquitin
C-terminal hydrolase-L1 is a key regulator of tumor cell invasion and metastasis.
Oncogene 28, 117–127. doi:10.1038/onc.2008.364

Lee, J. E., Kim, Y., and Kim, J. H. (2021). UCH-L1 and UCH-L3 regulate the cancer
stem-like properties through PI3K/Akt signaling pathway in prostate cancer cells.
Anim. Cells Syst. Seoul. 25 (5), 312–322. doi:10.1080/19768354.2021.1987320

Leroy, B., Girard, L., Hollestelle, A., Minna, J. D., Gazdar, A. F., and Soussi, T. (2015).
Analysis of TP53 mutation status in human cancer cell lines: a reassessment. Hum.
Mutat. 35 (6), 756–765. doi:10.1002/humu.22556

Li, L., Tao, Q., Jin, H., Van Hasselt, A., Poon, F. F., Wang, X., et al. (2010). The tumor
suppressor UCHL1 forms a complex with p53/MDM2/ARF to promote p53 signaling
and is frequently silenced in nasopharyngeal carcinoma. Clin. Cancer Res. 16 (11),
2949–2958. doi:10.1158/1078-0432.CCR-09-3178

Liu, S., Chai, T., Garcia-Marques, F., Yin, Q., Hsu, E. C., Shen, M., et al. (2024).
UCHL1 is a potential molecular indicator and therapeutic target for neuroendocrine
carcinomas. Cell Rep. Med. 5 (2), 101381. doi:10.1016/j.xcrm.2023.101381

Liu, Y., Fallon, L., Lashuel, H. A., Liu, Z., and Lansbury, P. T., Jr (2002). The UCH-L1
gene encodes two opposing enzymatic activities that affect alpha-synuclein degradation
and Parkinson’s disease susceptibility. Cell 111 (2), 209–218. doi:10.1016/s0092-
8674(02)01012-7

Lu, G., Li, J., Ding, L., Wang, C., Tang, L., Liu, X., et al. (2021). The deubiquitinating
enzyme UCHL1 induces resistance to doxorubicin in HER2+ breast cancer by
promoting free fatty acid synthesis. Front. Oncol. 11, 629460. doi:10.3389/fonc.2021.
629640

Luvero, D., Plotti, F., Aloisia, A., Montera, R., Terranova, C., Carlo De Cicco Nardone,
et al. (2019). Ovarian cancer relapse: from the latest scientific evidence to the best
practice. Crit. Rev. Oncol. Hematol. 140, 28–38. doi:10.1016/j.critrevonc.2019.05.014

Mondal, M., Conole, D., Nautiyal, J., and Tate, E. W. (2021). UCHL1 as a novel target
in breast cancer: emerging insights from cell and chemical biology. Br. J. Cancer 126 (1),
24–33. doi:10.1038/s41416-021-01516-5

Nakashima, R., Goto, Y., Koyasu, S., Kobayashi, M., Morinibu, A., Yoshimura, M.,
et al. (2017). UCHL1-HIF-1-axis mediated antioxidant property of cancer cells as a
therapeutic target for radiosensitization. Sci. Rep. 7 (1), 6879. doi:10.1038/s41598-017-
06605-1

Ning, K., Wang, T., Sun, X., Zhang, P., Chen, Y., Jin, J., et al. (2017). UCH-L1
containing exosomes mediate chemotherapeutic resistance transfer in breast cancer.
J. Surg. Oncol. 115 (8), 932–940. doi:10.1002/jso.24614

Nunes, M., Silva, P. M. A., Coelho, R., Pinto, C., Resende, A., Bousbaa, H., et al. (2021).
Generation of two paclitaxel-resistant-high-grade serous carcinoma cell lines with
increased expression of p-glycoprotein. Front. Oncol. 1, 752127. doi:10.3389/fonc.
2021.752127

Patel, P. S., Algouneh, A., Krishnan, R., Reynolds, J. J., Nixon, K. C., Hao, J., et al.
(2023). Excessive transcription-replication conflicts are a vulnerability of BRCA1-
mutant cancers. Nucleic Acids Res. 51 (9), 4341–4362. doi:10.1093/nar/gkad172

Rosenthal, A. N., Fraser, L. S. M., Philpott, S., Manchanda, R., Burnell, M., Badman,
P., et al. (2017). Evidence of stage shift in women diagnosed with ovarian cancer during
phase II of the United Kingdom familial ovarian cancer screening study [published
correction appears in J clin oncol. 2017 aug 10;35(23):2722]. J. Clin. Oncol. 35 (13),
1411–1420. doi:10.1200/JCO.2016.69.9330

Schilder, R. J., Hall, L., Monks, A., Handel, L. M., Fornance, A. J., Ozols, R. F., et al.
(1990). Metallothionein gene expression and resistance to cisplatin in human ovarian
cancer. Int. J. Cancer 45 (3), 416–422. doi:10.1002/ijc.2910450306

Setsuie, R., and Wada, K. (2007). The functions of UCH-L1 and its relation to
neurodegenerative diseases. Neurochem. Int. 51 (2-4), 105–111. doi:10.1016/j.neuint.
2007.05.007

Sherman, B. T., Hao, M., Qiu, J., Jiao, X., Baseler, M. W., Lan, H. C., et al. (2022).
DAVID: a web server for functional enrichment analysis and functional annotation of
gene lists (2021 update). Nucleic Acids Res. 50, W216–W221. doi:10.1093/nar/gkac194

Siegel, R. L., Miller, K. D., and Jemal, A. (2020). Cancer statistics, 2020. CA Cancer
J. Clin. 70 (1), 7–30. doi:10.3322/caac.21590

Tangri, A., Lighty, K., Loganathan, J., Mesmar, F., Podicheti, R., Zhang, C., et al.
(2021). Deubiquitinase UCHL1 maintains protein homeostasis through the PSMA7-
APEH-proteasome Axis in high-grade serous ovarian carcinoma. Mol. Cancer Res. 19
(7), 1168–1181. doi:10.1158/1541-7786.MCR-20-0883

Ummanni, R., Jost, E., Braig, M., Lohmann, F., Mundt, F., Barett, C., et al. (2011).
Ubiquitin carboxyl-terminal hydrolase 1 (UCHL1) is a potential tumour suppressor in
prostate cancer and is frequently silenced by promoter methylation. Mol. Cancer 10,
129. doi:10.1186/1476-4598-10-129

Wang, X., Zhang, N., Li, M., Hong, T., Meng, W., and Ouyang, T. (2023). Ubiquitin
C‑terminal hydrolase‑L1: a new cancer marker and therapeutic target with dual effects
(Review). Oncol. Lett. 25 (3), 123. doi:10.3892/ol.2023.13709

Woodman, M. F., Ozcan, M. C. H., Gura, M. A., De La Cruz, P., Gadson, A. K., and
Grive, K. J. (2022). The requirement of ubiquitin C-terminal hydrolase L1 in mouse
ovarian development and fertility. Biol. Reprod. 107 (2), 500–513. doi:10.1093/biolre/
ioac086

Xiang, T., Li, L., Yin, X., Yuan, C., Tan, C., Su, X., et al. (2012). The ubiquitin peptidase
UCHL1 induces G0/G1 cell cycle arrest and apoptosis through stabilizing p53 and is
frequently silenced in breast cancer. PLoS One 7 (1), e29783. doi:10.1371/journal.pone.
0029783

Yang, G., Fan, G., Zhang, T., Ma, K., Huang, J., Liu, M., et al. (2018). Upregulation of
ubiquitin carboxyl-terminal hydrolase L1 (UCHL1) mediates the reversal effect of
verapamil on chemo-resistance to Adriamycin of hepatocellular carcinoma. Med. Sci.
Monit. 24, 2072–2082. doi:10.12659/msm.908925

Yu, J., Tao, Q., Cheung, K. F., Jin, H., Poon, F. F., Wang, X., et al. (2008). Epigenetic
identification of ubiquitin carboxyl-terminal hydrolase L1 as a functional tumor
suppressor and biomarker for hepatocellular carcinoma and other digestive tumors.
Hepatology 48, 508–518. doi:10.1002/hep.22343

Zhang, M., Cai, F., Zhang, S., Zhang, S., and Song, W. (2014). Overexpression of
ubiquitin carboxyl-terminal hydrolase L1 (UCHL1) delays Alzheimer’s progression in
vivo. Sci. Rep. 4, 7298. doi:10.1038/srep07298

Zhang, X., Xu, Q., Li, E., Shi, T., and Chen, H. (2023). CEP55 predicts the poor
prognosis and promotes tumorigenesis in endometrial cancer by regulating the
FOXO1 signaling. Mol. Cell Biochem. 478 (7), 1561–1571. doi:10.1007/s11010-022-
04607-w

Zhang, Y., Li, J., Dong, X., Meng, D., Zhi, X., Yuan, L., et al. (2020). PSAT1 regulated
oxidation-reduction balance affects the growth and prognosis of epithelial ovarian
cancer. Onco Targets Ther. 13, 5443–5453. doi:10.2147/OTT.S250066

Zhong, J., Zhao, M., Ma, Y., Luo, Q., Liu, J., Wang, J., et al. (2012). UCHL1 acts as a
colorectal cancer oncogene via activation of the β-catenin/TCF pathway through its
deubiquitinating activity. Int. J. Mol. Med. 30, 430–436. doi:10.3892/ijmm.2012.1012

Frontiers in Pharmacology frontiersin.org11

Jansen et al. 10.3389/fphar.2025.1547164

https://doi.org/10.7150/thno.42096
https://doi.org/10.7150/thno.42096
https://doi.org/10.3389/fphar.2024.1375421
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.18632/oncotarget.11553
https://doi.org/10.1038/nrm3099
https://doi.org/10.1007/s13277-015-3566-0
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1038/leu.2010.138
https://doi.org/10.1016/j.pharmthera.2015.07.007
https://doi.org/10.1016/S0140-6736(15)01224-6
https://doi.org/10.7150/jca.6641
https://doi.org/10.1038/onc.2008.364
https://doi.org/10.1080/19768354.2021.1987320
https://doi.org/10.1002/humu.22556
https://doi.org/10.1158/1078-0432.CCR-09-3178
https://doi.org/10.1016/j.xcrm.2023.101381
https://doi.org/10.1016/s0092-8674(02)01012-7
https://doi.org/10.1016/s0092-8674(02)01012-7
https://doi.org/10.3389/fonc.2021.629640
https://doi.org/10.3389/fonc.2021.629640
https://doi.org/10.1016/j.critrevonc.2019.05.014
https://doi.org/10.1038/s41416-021-01516-5
https://doi.org/10.1038/s41598-017-06605-1
https://doi.org/10.1038/s41598-017-06605-1
https://doi.org/10.1002/jso.24614
https://doi.org/10.3389/fonc.2021.752127
https://doi.org/10.3389/fonc.2021.752127
https://doi.org/10.1093/nar/gkad172
https://doi.org/10.1200/JCO.2016.69.9330
https://doi.org/10.1002/ijc.2910450306
https://doi.org/10.1016/j.neuint.2007.05.007
https://doi.org/10.1016/j.neuint.2007.05.007
https://doi.org/10.1093/nar/gkac194
https://doi.org/10.3322/caac.21590
https://doi.org/10.1158/1541-7786.MCR-20-0883
https://doi.org/10.1186/1476-4598-10-129
https://doi.org/10.3892/ol.2023.13709
https://doi.org/10.1093/biolre/ioac086
https://doi.org/10.1093/biolre/ioac086
https://doi.org/10.1371/journal.pone.0029783
https://doi.org/10.1371/journal.pone.0029783
https://doi.org/10.12659/msm.908925
https://doi.org/10.1002/hep.22343
https://doi.org/10.1038/srep07298
https://doi.org/10.1007/s11010-022-04607-w
https://doi.org/10.1007/s11010-022-04607-w
https://doi.org/10.2147/OTT.S250066
https://doi.org/10.3892/ijmm.2012.1012
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1547164

	Small molecule inhibition of ubiquitin C-terminal hydrolase L1 alters cell metabolism proteins and exerts anti- or pro-tumo ...
	Introduction
	Materials and methods
	Cell culture
	S-Trap digestion and desalting
	LC-MS proteomic analysis
	Label free quantitation and MaxQuant search parameters
	Western blot
	Cell viability assays
	cBioPortal
	KEGG analysis
	Statistical analysis

	Results
	Proteomic implications of small molecule UCHL1 inhibition in HGSOC cells
	Combinatorial UCHL1 inhibition and carboplatin demonstrates differential effects on HGSOC cell death according to platinum  ...
	Small molecule inhibition produces differential expression in activated cell growth pathways in chemosensitive versus chemo ...

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


