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2-D08 mediates notable anticancer effects through multiple
cellular pathways in uterine leiomyosarcoma cells

HOSOUK JOUNG' and HYUNJU LIU*?

'Research Institute of Medical Sciences, Chonnam National University Medical School, Hwasun, Jeonnam 58128, Republic of Korea;

2Department of Obstetrics and Gynecology, Chosun University College of Medicine, Gwangju 61452, Republic of Korea;

3Depa.rtment of Obstetrics and Gynecology, Chosun University Hospital, Gwangju 61453, Republic of Korea

Received February 2,2024; Accepted May 29, 2024

DOI: 10.3892/0r.2024.8756

Abstract. 2'3'4'-trihydroxyflavone (2-D08), a SUMO E2
inhibitor, has several biological functions, including anti-
cancer activity, but its effects on uterine leiomyosarcoma
(Ut-LMS) are unknown. The anticancer activity of 2-D08 was
explored in an in vitro model using SK-LMS-1 and SK-UT-1B
cells (human Ut-LMS cells). Treatment with 2-D08 inhibited
cell viability in a dose- and time-dependent manner and
significantly inhibited the colony-forming ability of Ut-LMS
cells. In SK-UT-1B cells treated with 2-D08, flow cytometric
analysis revealed a slight increase in apoptotic rates, while
cell cycle progression remained unaffected. Western blot-
ting revealed elevated levels of RIP1, indicating induction of
necrosis, but LC3B levels remained unchanged, suggesting no
effect on autophagy. A lactate dehydrogenase (LDH) assay
confirmed increased LDH release, further supporting the
induction of apoptosis and necrosis by 2-D08 in SK-UT-1B
cells. 2-D08-induced production of reactive oxygen species
and apoptosis progression were observed in SK-LMS-1 cells.
Using Ki67 staining and bromodeoxyuridine assays, it was
found that 2-D08 suppressed proliferation in SK-LMS-1 cells,
while treatment for 48 h led to cell-cycle arrest. 2-DO8 upregu-
lated p21 protein expression in SK-LMS-1 cells and promoted
apoptosis through caspase-3. Evaluation of a-SM-actin,
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calponin 1 and TAGLN expression indicated that 2-D08 did
not directly initiate smooth muscle phenotypic switching in
SK-LMS-1 cells. Transcriptome analysis on 2-D08-treated
SK-LMS-1 cells identified significant differences in gene
expression and suggested that 2-D08 modulates cell-cycle-
and apoptosis-related pathways. The analysis identified
several differentially expressed genes and significant enrich-
ment for biological processes related to DNA replication and
molecular functions associated with the apoptotic process. It
was concluded that 2-D08 exerts antitumor effects in Ut-LMS
cells by modulating multiple signaling pathways and that
2-D08 may be a promising candidate for the treatment of
human Ut-LMS. The present study expanded and developed
knowledge regarding Ut-LMS management and indicated that
2-D08 represents a notable finding in the exploration of fresh
treatment options for such cancerous tumors.

Introduction

Uterine leiomyosarcoma (Ut-LMS) is a malignant tumor
of the smooth muscles of the uterus (myometrium). It is an
uncommon disease that accounts for <1% of uterine malignan-
cies and 25-36% of uterine sarcomas (1,2), but can spread to the
surrounding tissues and organs (3). The 5-year disease-specific
survival rate for patients with stage 3 or 4 Ut-LMS is
29-45% (4). Disease symptoms include abdominal pain and
vaginal bleeding. A surgical biopsy should be performed to
differentiate between Ut-leiomyoma and Ut-LMS because of
the largely indistinguishable tissue appearance (5). Although
Ut-leiomyomas rarely progress to Ut-LMS, Ut-leiomyomas may
be a precursor form of Ut-LMS. If the tumor grows quickly or
Ut-LMS is suspected after an ultrasound scan, it is necessary
to periodically monitor whether it progresses to a malignant
tumor, and additional examinations, such as MRI, are required.

Early diagnosis of Ut-LMS, based on a few methods before
curative surgery, is difficult and studies on new biomarkers
and the molecular mechanisms of Ut-LMS that could help
overcome these challenges are scarce. For instance, activation
of the Akt-mTOR pathway plays a key role in Ut-LMS devel-
opment (6), and inhibitors of the PI3K and mTOR pathways
suppress Ut-LMS growth both in vitro and in vivo (7). In
addition, PTK787, a VEGFR/PDGEFR inhibitor, can influence
Ut-LMS tumor survival (8). LMP2 deficiency in mice leads
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to spontaneous development of Ut-LMS, and aberrant expres-
sion of LMP2 may be a strong risk factor for Ut-LMS (9). A
previous study on Ut-LMS involving The Cancer Genome Atlas
network identified mutations and deletions corresponding to
cancer genes such as RB/, tumor protein pS3 and PTEN (10). In
addition, other similar studies using whole-exome sequencing
of Ut-LMS demonstrated frequent mutations in the tumor
protein p53, RBI, ATRX and MEDI?2 genes (11,12).

Sustained cellular proliferation is a key hallmark of
malignant tumors, and leiomyosarcomas are character-
ized by notable levels of proliferative activity (13). Several
studies have been published regarding leiomyosarcoma and
the presence of Ki67, which is a marker of cell proliferation.
Ki67 is recognized as a predictive and prognostic indicator of
various cancers, including breast (14,15), prostate (16,17) and
adrenocortical carcinoma (18). A number of studies proposed
that Ki67 holds prognostic significance in leiomyosarcoma as
well (19,20).

2'3'4'-trihydroxyflavone (2-DO08) is a synthetic flavone that
mechanistically has been identified as a specific inhibitor of
protein SUMOylation (21). Previous studies have demonstrated
that 2-D08 has various biological functions, including anti-
cancer activity. For example, 2-D08 has novel antiaggregatory
and neuroprotective effects against amyloid-beta protein neuro-
toxicity in Alzheimer's disease (22) and inhibits the migration of
pancreatic cancer cells by inducing K-Ras deSUMOylation (23).
In addition, 2-D08 promotes apoptosis by inducing the accu-
mulation of reactive oxygen species (ROS) in acute myeloid
leukemia cells, probably via NOX2 deSUMOylation (24).
Lastly, 2-D08 treatment negatively influences C2C12 myoblast
cell proliferation and differentiation (25).

The effect of 2-D08 on the growth of Ut-LMS is not fully
understood. In the present study, the anticancer effects induced
by 2-D08 in human LMS cell lines were explored and the
potential underlying molecular mechanisms were investigated.

Materials and methods

Cell lines and reagents. The human Ut-LMS cancer cell lines
SK-LMS-1 (cat.no. HTB-88) and SK-UT-1B (cat. no. HTB-115)
were purchased from the American Type Culture Collection.
The cells were cultured in a humidified incubator maintained
in Minimum Essential Medium (cat. no. LM007-07; Welgene,
Inc.) containing 10% fetal bovine serum (cat. no. SH30919.03;
Hyclone; Cytiva) and 1% streptomycin-penicillin (cat.
no. 15140122; Gibco; Thermo Fisher Scientific, Inc.) at
37°C with 5% CO,. The human uterine smooth muscle cells
(Ut-SMCs; cat. no. C-12575) were purchased from PromoCell
GmbH and were cultured in smooth muscle cell growth
medium 2 (cat. no. C-39267; PromoCell GmbH) supplemented
with 1% streptomycin-penicillin. 2-D0O8 was obtained from
MilliporeSigma (cat. no. SML1052-5MG). Dimethyl sulfoxide
(cat. no. DMS555.500; BioShop Canada Inc.) was used as a
control. Cycloheximide (CHX) solution (cat. no. C4859-1ML),
N-acetyl-L-cysteine (NAC; cat. no. A7250), and catalase
(CAT; cat. no. C1345) were purchased from Sigma-Aldrich;
Merck KGaA.

MTT assays. The cells (5x10° cells per well) were seeded
in 96-well plates for 24 h and then treated with different

concentrations of 2-D08 for 24 or 48 h. MTT stock solution
(cat. no. M2128; Sigma-Aldrich) was added to each well,
before incubation at 37°C for 2 h 30 min and addition of
dimethyl sulfoxide (150 ul per well) to all wells after removing
the medium. Cell viability was measured at 570 nm using an
INNO microplate spectrophotometer (LTEK Co., Ltd.) and
normalized to that of the control group.

Colony formation assay. SK-LMS-1 and SK-UT-1B cells were
seeded in 6-well plates (1x10° cells per well) for 24 h. After
removing the medium, 2-D08 was added to a fresh medium
containing different concentrations (10, 20, 50, and 100 gM).
The cells were cultured at 37°C for 7 days until colonies were
visible. To observe colony growth, a crystal violet assay kit
(cat. no. ab232855; Abcam) was employed following the manu-
facturer's protocol. In brief, the cells were fixed with 100%
ice-cold methanol for 20 min at -20°C, stained with 2% crystal
violet solution for 20 min at room temperature, and colonies
containing =50 cells were counted. Bright-field microscopy
images of the formed colonies were acquired using the EVOS
FL Cell Imaging System (Thermo Fisher Scientific, Inc.).
The surviving fraction was calculated as the mean number of
colonies/[number of inoculated cells x (plating efficiency/100)].
Plating efficiency was defined as 100x (mean number of
colonies/number of inoculated cells for control). Survival
curves were determined using a linear-quadratic model with
the GraphPad Prism 6.0 software (GraphPad; Dotmatics).

Lactate dehydrogenase (LDH) assay. LDH was quanti-
fied using the Dyne LDH PLUS Cytotoxicity Assay Kit
(cat. no. GBL-P500; Dyne Bio Inc.) according to the manu-
facturer's instructions. Briefly, the cells were treated with
2-D08 at 37°C for 24 or 48 h, as indicated. Subsequently,
100 p1 of supernatant was transferred from each well to a new
96-well plate, followed by the addition of 100 1 of LDH PLUS
Reaction Mixture to each well and a gentle mix. The plates
were incubated at room temperature, protected from light, for
30 min before adding 10 pl of stop solution to each well and
being gently mixed. The LDH concentration was measured
at 490 nm and the treated groups were compared with the
untreated.

ROS quantification using flow cytometry. Flow cytometric
measurement of ROS production was performed using a Muse
Oxidative Stress Kit (cat.no. MCH100111; Luminex) according
to the manufacturer's instructions. Briefly, SK-LMS-1 cells
were seeded in 6-well plates (5x10* cells/well) and allowed to
grow at 37°C for 24 h. The cells were then pretreated with 0,
20, 50, or 100 #M 2-D08, diluted in fresh medium at 37°C, for
24 and 48 h. Next, the cells were detached and resuspended in
1X Assay Buffer, and Muse Oxidative Stress Reagent working
solution was added. The samples were incubated for 30 min
at 37°C before analysis using the Guava Muse Cell Analyzer
(cat. no. 0500-3115; Luminex), and further analyzed using
Muse analysis software (version 1.5; Luminex).

Flow cytometric analysis of apoptosis. The apoptotic profiles
were studied using the Muse Annexin V & Dead Cell Kit
(cat. no. MCH100105; Luminex). Annexin V-PE detects phos-
phatidylserine on the external membrane of apoptotic cells,
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while 7-AAD permeates late-stage apoptotic and dead cells
by being excluded from live and healthy cells. Ut-LMS cells
were treated with 2-D08 at different concentrations (20, 50,
or 100 M) for 24 or 48 h in 6-well plates at 5x10* cells per
well. The cells were trypsinized, harvested, and resuspended
in a fresh medium. Then, 100 pl of Muse Annexin V & Dead
Cell reagent was added. After staining for 20 min at room
temperature in the dark, the apoptotic profiles of the cells were
recorded using the Guava Muse Cell Analyzer following the
manufacturer's instructions and further analyzed using Muse
analysis software (version 1.5; Luminex).

Ki67 immunostaining. SK-LMS-1 cells were fixed with IC
Fixation Buffer (cat. no. 00-8222-49; Invitrogen; Thermo
Fisher Scientific, Inc.) for 20 min at room temperature and
permeabilized with 0.2% Triton X-100 (cat. no. T8787-50ML,;
Sigma-Aldrich) in 1X phosphate-buffered saline (cat. no. LB
001-02; Welgene, Inc.) for 5 min at room temperature. The cells
were then blocked with 2% normal goat serum (cat. no. 5425;
Cell Signaling Technology, Inc.) in phosphate-buffered
saline and incubated with the anti-Ki67 antibody (1:250;
cat. no. MA5-14520; Invitrogen; Thermo Fisher Scientific,
Inc.) at 4°C overnight. The anti-Ki67 antibody was detected
by incubating the cells with an anti-rabbit IgG antibody
(Fab2 Alexa Fluor 594 Conjugate; 1:500; cat. no. 8889S; Cell
Signaling Technology, Inc.) for 1 h at room temperature. The
slides were mounted using ProLong Gold Antifade Mountant
with DAPI (cat. no. P36935; Invitrogen; Thermo Fisher
Scientific, Inc.). Fluorescence images were obtained using the
EVOS FL Cell Imaging System.

Flow cytometric assessment of Ki67 expression. To determine
the percentage of proliferating cells based on Ki67 expression,
the Muse Ki67 Proliferation Kit (cat. no. MCH10014; Luminex)
was used. Briefly, cells expressing Ki67 were harvested, fixed
with 1X fixation solution for 15 min at room temperature, and
washed with 1X assay buffer. After resuspension, the cells
were treated with permeabilization solution for 15 min at room
temperature and washed again. Next, the cells were incubated
with either Muse Hu IgG1-PE or Muse Hu Ki67-PE antibody
for 30 min at room temperature and analyzed using the Guava
Muse Cell Analyzer, followed by further analysis using Muse
analysis software (version 1.5; Luminex).

Bromodeoxyuridine (BrdU) cell proliferation assay. The BrdU
Cell Proliferation Assay Kit (cat. no. 6831S; Cell Signaling
Technology, Inc.) was used to study the proliferating cells. In
brief, cells (5x10° cells/well) were seeded into 96-well plates
and treated with 2-DOS at the indicated concentrations for 24
or 48 h. The cells were then exposed to BrdU at 37 °C for
24 h, fixed at room temperature for 30 min, and incubated with
mouse anti-BrdU antibody at room temperature for 1 h, and
treated according to the manufacturer's protocol. Lastly, the
absorbance was measured at 450 nm using an INNO micro-
plate spectrophotometer.

Flow cytometric evaluation of cell cycle distribution. The
Muse Cell Cycle Kit (cat. no. MCH100106; Luminex) was
used to determine the cell cycle phases of the samples. The
cells were centrifuged and fixed for 3 h in 70% ethanol at
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-20°C. After fixation, the cells were stained with the Muse Cell
Cycle Reagent and incubated in the dark at room temperature
for 30 min. The samples were analyzed using the Guava
Muse Cell Analyzer, followed by further analysis using Muse
analysis software (version 1.5; Luminex).

Protein preparation and western blot analysis. Ut-LMS cells
were exposed to various concentrations of 2-D08 (0, 20, or
50 uM) for 48 h. The cells were then lysed in NP-40 lysis buffer
(cat.no. MBS355472; MyBiosource, Inc.) containing a protease
inhibitor cocktail (cat. no. P8340; Sigma-Aldrich; Merck
KGaA). The Pierce BCA Protein Assay kit (cat. no. 23225;
Thermo Fisher Scientific, Inc) was used to measure the protein
concentration of lysate. Equal amounts of protein (10-50 ug
from cell lysate), denatured by heating, were subjected to
12-15% SDS-PAGE. After electrophoresis, the separated
proteins were transferred from the gel to PVDF membranes
(cat. no. IPVHO00010; Merck KGaA), which were blocked
with 5% skimmed milk (cat. no. 262100; BD Biosciences) for
1 h at room temperature, and subsequently incubated with
the primary antibodies overnight at 4°C with gentle shaking.
The primary antibodies used in the present study were RIP
(1:1,000; cat. no. 3493T), LC3B (1:1,000; cat. no. 2775S), p21
(1:1,000; cat. no. 2947S), p27 (1:1,000; cat. no. 3686T), pS3
(1:1,000; cat. no. 25278S), Caspase-3 (1:1,000; cat. no. 9665S),
cleaved Caspase-3 (1:1,000; cat. no. 96645S), Caspase-9
(1:1,000; cat. no. 9502S), PARP (1:1,000; cat. no. 9542S) and
B-Actin (1:1,000; cat. no. 4967S) (all from Cell Signaling
Technology, Inc.); and a-smooth muscle (SM) actin (1:1,000;
cat. no. ab5694), TAGLN (1:5,000; cat. no. ab14106) and
Calponin 1 (1:1,000; cat. no. ab46794) (all from Abcam). After
washing with the TBST (Tris-buffered saline, 0.05% Tween
20) solution, the membranes were incubated with anti-rabbit
(1:5,000; cat. no. 7074S; Cell Signaling Technology, Inc.) and
anti-mouse horseradish peroxidase-conjugated secondary
antibodies (1:5,000; cat. no. 7076S; Cell Signaling Technology,
Inc.) for 1 h at room temperature. The signals were detected
using the Immobilon ECL Ultra Western HRP Substrate
(cat. no. WBKLS0100; Merck KGaA) and quantified using the
Azure c280 chemiluminescent image system. Densitometric
analyses of the resulting images were performed using ImageJ
1.53a software (National Institutes of Health).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from SK-LMS-1 cells using NucleoZOL
(cat. no. 740404.200; Macherey-Nagel GmbH & Co. KG).
RNA samples were reverse transcribed into cDNA using a
ReverTra Ace qPCR RT Kit (cat. no. FSQ-101; Toyobo Life
Science). In brief, RNA was denatured at 65°C for 5 min,
then placed on ice. The reaction solution was prepared with
nuclease-free water, 5X RT buffer, RT enzyme mix, primer
mix, and RNA (0.5 pg-1 pug) to a total volume of 10 ul. The
mixture was incubated at 37°C for 15 min, heated at 98°C
for 5 min, and then stored at 4°C or -20°C. RT-qPCR was
performed using a QuantiTect SYBR Green RT-PCR Kit
(cat. no. 204243; Qiagen GmbH) and the primer pairs listed
in Table SI. The cycling conditions included an initial dena-
turation step at 95°C for 10 min. Amplification was carried
out for 40 cycles with denaturation at 95°C 15 sec, followed
by annealing at 50°C for 20 sec to achieve optimal annealing
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temperatures, and extension at 72°C for 20 sec. The RNA level
was expressed as a relative result via the 224% method (26)
against the endogenous standard control [3-actin.

RNA-sequencing (RNA-seq). Total RNA was extracted
from SK-LMS-1 cells using NucleoSpin RNA/Protein
(cat. no. 740933.50; Macherey-Nagel GmbH & Co. KG)
according to the manufacturer's instructions. RNA quality was
assessed with a 4200 TapeStation System with an RNA Screen
Tape (Agilent Technologies, Inc.), and RNA was quantified
using a Qubit fluorometer (Thermo Fisher Scientific, Inc.).
Libraries with total RNAs were constructed using the KAPA
RNA HyperPrep Kit with RiboErase (cat. no. 08098140702;
Roche Sequencing Solution, Inc.) according to the manufac-
turer's instructions. The loading concentration of the final
library was measured using the TapeStation 4200 System
(Agilent Technologies, Inc.) and qPCR was performed on the
LightCycler 480 System (Roche Diagnostics) with the Kapa
Library Quantification Kit (cat. no. 07960298001; Roche
Sequencing Solution, Inc.), resulting in the final library being
loaded at 2 nM. High-throughput sequencing was performed
in paired-end 150 sequencing runs using a NovaSeq 6000
(Illumina, Inc.) at Genome Insight, Inc. Raw reads were
assembled and low-quality reads were filtered using Cutadapt
(v.3.4; National Bioinformatics Infrastructure Sweden).
Filtered reads were aligned on a reference genome down-
loaded from Ensembl (GRCh38; Homo sapiens; https:/www.
ensembl.org) using STAR (v.2.7.8a) (27) and the gene-level
expression for each sample was calculated using RSEM
(v.1.3.1) (28). Differentially expressed genes were analyzed
using a two-slided Wald test under each condition with the
DESeq2 (version 1.26.0) (29) and edgeR (version 3.28.1) (30)
packages.

Statistical analysis. The GraphPad Prism software (v.6.0;
Graphpad; Dotmatics) was used for the statistical analyses.
The results are expressed as the mean + standard error of
the mean (SEM), and the data were analyzed using one-way
analysis of variance, followed by Tukey's post hoc test for
comparison among multiple groups. ‘P<0.05 was considered
to indicate a statistically significant difference.

Results

2-DO08 inhibits the viability of Ut-LMS cells. The cytotoxic
effect of 2-D08 treatment (Fig. 1A) on Ut-LMS cells was
first investigated using the well-established SK-LMS-1 and
SK-UT-1B cell models. The viability of Ut-LMS cells was
determined using MTT assays followed by treatment with
2-DO08 at different concentrations (0-100 xM) for 24 or 48 h.
As revealed in Fig. 1B, the viability of SK-LMS-1 cells signifi-
cantly decreased to 21% in the 100-uM 2-D08-treated group
at 24 h, although different doses did not lead to statistically
significant changes (Fig. 1B, left graph). After 48 h of treat-
ment, SK-LMS-1 cell viability decreased significantly to 80
and 17% at 50 and 100 uM 2-D08 concentrations, respectively
(Fig. 1B, right graph). Treatment of SK-UT-1B cells with
2-DO08 at concentrations >10 #M for 24 and 48 h significantly
inhibited cell viability (Fig. 1C). By contrast, treatment of
normal Ut-SMCs with 2-D08 for 24 and 48 h had a slight

inhibitory effect on viability (Fig. 1D). These results indicated
that the viability of Ut-LMS cells was significantly affected by
2-D08 treatment.

2-DO08 inhibits colony formation of Ut-LMS cells. It was inves-
tigated whether 2-D08 affects the proliferation of Ut-LMS
cells using a colony formation assay. As demonstrated in the
crystal violet-stained (upper panels) and bright-field images
(lower panels) in Fig. 1E, the size of a single colony in the
2-DO08-treated groups (20, 50 and 100 uM) after 7 days was
smaller than that in the control group. Compared with control
cells, treatment of Ut-LMS cells with 2-D08 (10, 20, 50, and
100 pM) for 7 days induced a dose-dependent decline in
survival fraction (Fig. 1F). Furthermore, plating efficiency
was measured to assess the colony-forming ability of Ut-LMS
cells compared with that of untreated cells. The mean plating
efficiency of Ut-LMS cells decreased significantly (Fig. 1G).
These findings indicated that 2-D08 plays a key role in inhib-
iting colony formation and is a potential drug for clinical
applications in Ut-LMS cells.

2-D08-induced apoptotic and necrotic cell death is dependent
on RIPI in SK-UT-1B cells. To determine whether the afore-
mentioned reductions in cell viability induced by 2-D08 in
SK-UT-1B cells were associated with apoptotic cell death and
cell cycle arrest, a flow cytometric analysis was performed.
Apoptotic cells were identified using Annexin V. As revealed
in Fig. 2A, the percentage of apoptotic cells slightly increased
in 2-D08-treated SK-UT-1B cells compared with that in
untreated cells. Additionally, SK-UT-1B cells were stained
with propidium iodide, and the cell cycle profiles were evalu-
ated using the Guava Muse Cell Analyzer. The results indicated
that treatment with 2-D08 did not affect the progression
of the cell cycle in SK-UT-1B cells (Fig. 2B). To investigate
whether 2-D08 regulates necrosis or autophagy in SK-UT-1B
cells, the expression of RIP (a necrosis marker) and LC3B (an
autophagy marker) were analyzed. Cells were treated with
2-DO08 at the indicated concentrations, and the expression of
RIP1 and LC3B was assessed using western blot analysis.
The level of RIP1 was significantly higher in 2-D08-treated
cells than in untreated cells, while that of LC3B remained
unchanged (Fig. 2C). Furthermore, 2-D08-treated SK-UT-1B
cells were evaluated using LDH assays to confirm necrosis.
As shown in Fig. 2D, 2-D08 significantly increased the levels
of LDH release in SK-UT-1B cells. These results suggested
that 2-DO08 significantly induces apoptosis and necrosis in
SK-UT-1B cells.

2-DO08 triggers intracellular ROS level increment. Excessive
accumulation of ROS in cells can lead to oxidative stress,
resulting in damage to nucleic acids, lipids, proteins,
membranes and mitochondria (31). To assess whether 2-D08
increases ROS levels in SK-LMS-1 cells, the cells were
cultured with different concentrations of 2-D08 (0, 20, 50 and
100 #M) for 24 and 48 h, followed by analysis with the Guava
Muse Cell Analyzer. ROS levels were at 33.0, 43.0, 50.5 and
77.6% in control and 2-D08 treated SK-LMS-1 cells at the
indicated concentration for 24 h, respectively (Fig. 3A, upper
panels). After 48 h of 2-D08 treatment, the respective results
were 43.7, 61.3, 82.55 and 88.48% (Fig. 3A, bottom panels).
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Figure 1.2-D08 decreases viability and colony formation ability in the Ut-LMS cells. (A) Chemical structure of 2-D08. (B-D) Ut-LMS cells and Ut-SMCs were
treated with various concentrations (0-100 xM) of 2-D08 for 24 or 48 h. After the end of incubation, cell viability was measured using MTT assays. Graphs
of viability versus 2-D08 concentrations were used to calculate ICs, values based on the trendline equation for Ut-LMS cells. (E) Ut-LMS cells were treated
with 2-DOS8 at the indicated concentration (0-100 #M) for 7 days. Representative microscopic images of the colonies stained using crystal violet (white scale
bar, 1,000 ym; black scale bar, 400 gm). (F and G) After 7 days, dose-survival curves derived from a clonogenic survival assay and comparisons of plating
efficiency were performed. Surviving fractions were calculated based on colony counts and plating efficiency. The data are reported as the mean = SEM. All
experiments were repeated thrice. “P<0.01 compared with the control group. 2-D08, 2',3'4'-trihydroxyflavone; Ut-LMS, uterine leiomyosarcoma; Ut-SMCs,

uterine smooth muscle cells; SEM, standard error of the mean.

Consequently, these results indicated that 2-D08 induces ROS
generation in SK-LMS-1 cells.

2-D08 promotes apoptosis in SK-LMS-1 cells. To examine
whether cells undergo apoptosis, SK-LMS-1 cells were
treated with different concentrations (20, 50, or 100 gM) of

2-DO08 for 24 and 48 h. Apoptotic cells were determined in
flow cytometry using Annexin V. As demonstrated in Fig. 3B,
the percentage of apoptotic cells significantly increased in a
dose-dependent manner. After 24 h of treatment, the percent-
ages of apoptotic cells were 7.01% at 20 uM, 15.66% at 50 yuM
and 90.93% at 100 uM, compared with 5.56% for the control
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Figure 2. 2-D08-induced apoptotic and necrotic cell death is dependent on RIP1. (A and B) After treatment with 2-D08 at the indicated concentrations,
SK-UT-1B cells were stained with Annexin V and propidium iodide to analyze the apoptotic rates and cell cycle distribution, respectively, using flow cytom-
etry. The quantitative data are shown in the right panel. (C) Representative western blots of the necrosis marker RIP1 and autophagy maker LC3B. SK-UT-1B
cells were treated with 2-D08 at 20 and 50 xM and the indicated proteins were analyzed 48 h after treatment. (D) In vitro LDH assay of SK-UT-1B cells.
The cells were treated for 24 or 48 h with 2-DO08 at indicated concentrations (10, 20, 50, or 100 zM) and the supernatants were analyzed for LDH content, as
described in the materials and methods. Cell lysis solution served as a positive control for 100% cell lysis and LDH release. Three experiments were performed
that showed similar results. The data are presented as the mean + SEM. “P<0.01.2-D08, 2',3' 4'-trihydroxyflavone; LDH, lactate dehydrogenase; SEM, standard

error of the mean.

cell culture (Fig. 3B, upper panels). After 48 h of treatment,
the percentages of apoptotic cells were 8.81% at 20 uM,
16.77% at 50 uM, and 83.39% at 100 yM, compared with
6.53% for the control cell culture (Fig. 3B, bottom panels).
To further identify whether ROS production is involved in
2-D08-induced apoptosis, SK-LMS-1 cells were treated with
2-DO08 (100 pM) with or without NAC and CAT. Both NAC and
CAT, known as ROS scavengers (32,33), effectively reduced
2-D08-induced apoptosis in SK-LMS-1 cells (Fig. 3C).
These results indicated that 2-D08 induces ROS-mediated
apoptosis in SK-LMS-1 cells. However, antioxidants, acting
as ROS-scavengers, block the anticancer effect of 2-D08 on
SK-LMS-1 cells.

2-D08 suppresses the proliferation of SK-LMS-1 cells in vitro.
The aforementioned experiments demonstrated that a consis-
tent proliferation inhibitory effect occurs with 20-50 pM
2-D08 and that high doses (100 M) have the potential to
induce non-specific cytotoxicity. Based on these findings,
subsequent experiments were conducted using 20- and 50-yM
doses at 48 h. Cell proliferation was assessed by evaluating
Ki67 expression and using a BrdU assay. The expression of

the proliferation marker Ki67 is demonstrated in Fig. 4A. To
accurately quantify the expression of Ki67 in SK-LMS-1 cells,
flow cytometry was utilized. The proportion of Ki67-positive
cells decreased from 93.48 to 67.79 (20 uM) and 65.03%
(50 uM) after a 48-h treatment with 2-D08 (Fig. 4B). BrdU
incorporation in proliferating cells significantly decreased
in 50-uM 2-DO08-treated cells at 48 h compared with that
in the control (n=10) (Fig. 4C). These results indicated
that 2-D08 treatment induces antiproliferative effects in
SK-LMS-1 cells.

2-D08-mediated S and G2/M arrest contributes to growth
inhibition in SK-LMS-1 cells. To investigate whether
2-D08-mediated inhibition of cell proliferation is related to
cell cycle arrest, SK-LMS-1 cells were treated with varying
concentrations of 2-D08 for 24 and 48 h. The cell cycle
profiles were assessed using the Guava Muse Cell Analyzer.
Interestingly, 2-DO08 significantly increased the cell population
at the S and G2/M phases, while simultaneously reducing it
in the GO/G1 phase after 48 h of treatment (Fig. 4D). This
experiment confirmed that 2-D08-mediated cell cycle arrest
contributes to inhibition of proliferation in SK-LMS-1 cells.
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Figure 3. 2-D08 induces ROS production and apoptosis in SK-LMS-1 cells. (A) SK-LMS-1 cells were exposed to 2-D08 (0, 20, 50, or 100 M) for 24 and
48 h. Intracellular ROS fluorescence signals were detected using the Muse Oxidative Stress kit, and typical ROS profile plots are shown. A similar pattern
was observed in three independent experiments. The percentage of ROS-positive cells is revealed in the histogram graph (right). (B) SK-LMS-1 cells were
treated with 0, 20, 50, or 100 M of 2-D08 for 24 and 48 h. Apoptosis was decided using Annexin V staining and flow cytometry. Representative results are
demonstrated in the left panel, and the statistical analysis is represented in the right panel. (C) Apoptosis was measured in SK-LMS-1 cells treated with 2-D08
(100 xM) in the presence or absence NAC (5 mM) and CAT (50 units/ml) for 24 h. NAC and CAT, acting as ROS scavengers, partly rescued the 2-D08-induced
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Figure 4. Inhibition of SK-LMS-1 cell proliferation and cell cycle by 2-D08. (A) SK-LMS-1 cells were treated with 20 and 50 #M of 2-DO0S for 48 h, and immu-
nofluorescence assays were used to analyze the expression of the cell proliferation marker Ki67 in the treated cells. Red, Ki67; blue, nuclear DNA. Scale bar,
200 pm. (B) The percentage of Ki67-positive cells at the indicated concentrations at 48 h. The Muse Ki67 Proliferation kit allowed for the quantification of the
percentages of proliferating and non-proliferating cells based on Ki67 expression. (C) A BrdU assay was performed after 48 h of treatment of SK-LMS-1 cells
with 2-D08 (20 or 50 yM). Absorbance was measured at 450 nm using a microplate reader. (D) SK-LMS-1 cells were treated with 2-D08 (0, 20, or 50 M) for
24 and 48 h and then subjected to a DNA content analysis using flow cytometry. The left panel shows a representative histogram of the cell cycle distribution,
while the right panel quantifies the cell cycle distributions. The data are presented as the mean = SEM of three independent experiments. “P<0.01 compared
with each group. 2-D08, 2',3' 4'-trihydroxyflavone; SEM, standard error of the mean.

Effect of 2-D08 on the expression of proteins related to cell
proliferation and apoptosis in SK-LMS-1 cells. To study
the detailed mechanism(s) of action of 2-D0S8, western blot-
ting was employed to detect the protein levels of the cell
cycle-regulatory proteins p21, p27 and p53. Application of

2-D08 in the SK-LMS-1 cells significantly increased p21
protein levels at 20 and 50 xM, but not p53 levels. Treatment
with the low dose of 2-D08 (20 uM) increased p27 levels,
while, at a high dose (50 xM), no significant increase was
observed (Fig. 5A). CHX assay was also conducted to inhibit
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Figure 5. The effects of 2-DO08 on the expression of cell proliferation- and apoptosis-associated genes in SK-LMS-1 cells. (A) Expression of p21, p27 and
p53 proteins in SK-LMS-1 cells exposed to 2-D08. The bar graph shows the density ratios of the p21, p27 and p53 protein bands relative to f3-actin bands.
(B) The mRNA levels of p21, p27 and p53 were assessed using reverse transcription-quantitative PCR analysis. The results are presented as the mean + SEM
(n=6). (C) Western blot analysis of the effect of 2-D08 on the activation and proteolytic cleavage by Caspase-3, Caspase-9 and PARP in the SK-LMS-1 cells.
The bands in the left panel were quantified using an image analyzer. The data are presented as the mean + SEM of three independent experiments. ““P<0.01
compared with each group. 2-D08, 2',3' 4'-trihydroxyflavone; SEM, standard error of the mean.

protein synthesis in SK-LMS-1 and SK-UT-1B cells to
evaluate the expression of p53. When treated with CHX for
the indicated time, the expression of the p53 protein remained
unchanged in SK-LMS-1 cells but decreased in SK-UT-1B
cells (Fig. S1). The mRNA levels of p21, but not of p27 and
p53, significantly increased compared with the group treated
with 2-D08 (Fig. 5B). To improve understanding of how 2-D08
triggers apoptosis in SK-LMS-1 cells, western blot analysis
was conducted by investigating the expression of Caspase-3,
the pro-apoptotic protein cleaved Caspase-3, Caspase-9
and PARP antibodies with cell lysates. Caspase-3 cleavage
was detected under these conditions, indicating that 2-D08
activated Caspase-3 at a concentration of 50 uM (Fig. 5C). By
contrast, there was no change in the expression of Caspase-9
or PARP (Fig. 5C). Together, these findings suggested that the
modulation of cell cycle- and apoptosis-related proteins may
contribute to the 2-D08-induced suppression of proliferation
and apoptosis in SK-LMS-1 cells.

Effect of 2-D08 on the expression of differentiation marker
proteins in SK-LMS-1 cells. The contractile apparatus of SMCs

is characterized by the presence of high levels of a-SM-actin,
calponin 1, TAGLN (SM22a) and SM-MHC, which are
specific markers of the stage of cell differentiation (34,35).
Various SMC malignancies can modulate the differenti-
ated-to-differentiated phenotype in response to changes in the
surrounding environment (36-40). For example, the expression
of SM-specific markers in human Ut-LMS cell lines, including
SK-LMS-1, is low because these cancerous cells have a dedif-
ferentiated SMC phenotype (40). It was investigated whether
2-D08 affects the expression of SM-specific markers. As
demonstrated in Fig. 6A, compared with the control group,
treatment of SK-LMS-1 cells with 2-D08 did not significantly
affect the expression of a-SM-actin, TAGLN, or calponin 1.
Furthermore, the mRNA levels of SM-specific markers,
excluding TAGLN, did not change significantly compared with
those in the group treated with 2-D08 (Fig. 6B). Taken together,
these findings demonstrated that 2-D08 does not directly
regulate the phenotypic modulation of SK-LMS-1 cells.

Transcriptome analysis in 2-D08-treated SK-LMS-1 cells.
It was aimed to obtain additional insights into the effects of
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2-D08 and conducted transcriptome analyses with RNA-seq
in both control and SK-LMS-1 cells treated with 50 xM 2-D08
for 48 h. Principal component analysis revealed clear clus-
tering per treatment, indicating significant differences in the
transcriptome profiles between the two groups (Fig. 7A). The
hierarchical clustering heatmap showed that 259 genes were
differentially expressed between these two groups (Fig. 7B,
adjusted P-value <1.3 and llog2 fold change (FC)I>2). Of the
259 genes, the expression of 192 was upregulated and that
of 67 was downregulated in 2-D08-treated SK-LMS-1 cells.
The genes with high FCs are listed in Table I and all genes
with significantly altered expression are included in Table SII.
To obtain information on 2-D08-specific target genes in
SK-LMS-1 cells, DEseq2 was utilized to identify differen-
tially expressed genes (DEGs). This analysis revealed that the
expression of 1,031 genes was downregulated and that of 2,907
genes was upregulated in 2-D08-treated SK-LMS-1 cells
compared with those in the control (adjusted P-value <0.05
and llog2FCI>1). The distribution of DEGs is illustrated in a
volcano plot (Fig. 7C). DEGs between the two groups were also
examined using edgeR. As revealed in Fig. S2, 3,827 DEGs
were identified, with 2,834 showing upregulated expression and
993 showing downregulated expression in two groups. Using
gene ontology (GO) functional analysis, statistically signifi-
cant enrichment was identified for numerous GO biological
processes related to DNA replication (cell cycle) between the
two groups (Fig. 7D). Gene set enrichment analysis observed
that DNA replication (normalized enrichment score=2.35) and
DNA-dependent DNA replication (normalized enrichment
score=2.509) were positively regulated in the 2-D08-treated
group (Fig. 7E). Additionally, various GO molecular functions
related to the apoptotic process were significantly enriched

(Fig. 7F). Taken together, these findings suggested that 2-D08
modulates pathways related to the cell cycle and apoptosis in
SK-LMS-1 cells.

Discussion

In the present study, a new function of 2-D0S8 in inducing
multiple signaling pathways in Ut-LMS cells was identified,
including ROS generation, which serve as key mediators of
its anticancer effects (Fig. 8). Although 2-DO0S is currently
known as a SUMO inhibitor, several studies have shown that
it participates in numerous biological functions in different
cells (22-24). Recently, 2-D08 was shown to suppress the
proliferation and differentiation of C2C12 myoblast cells (25).
In the current study, the hypothesis that 2-D08 can affect the
proliferation of Ut-LMS in vitro was tested. The data revealed
that 2-D08 suppressed cell viability and enhanced anticancer
effects in Ut-LMS cells (Fig. 1B and C). In particular, both
low-dose (10-20 M) and high-dose (50-100 xM) treatment
with 2-DO08 significantly inhibited long-term colony forma-
tion compared with that in the control (Fig. 1E). Furthermore,
the data revealed that inhibition of proliferation mediated by
2-D08 was accompanied by induction in the rate of apop-
tosis in Ut-LMS cells (Figs. 2A and 3B). Interestingly, after
48 h of treatment with 20 M 2-DO08, there was a significant
decrease in Ki67 expression (Fig. 4A), indicating reduced
cell proliferative activity. However, there was no change
in cell viability as measured by the MTT assay (Fig. 1B),
suggesting that this decrease in Ki67 expression did not
affect the survival ability of the cells. ROS induces lipid
peroxidation, which is used as a cell death signal to induce
programmed cell death (41). According to a previous study,
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2-D08 induces ROS accumulation and mediates apoptosis  influenced by ROS accumulation in SK-LMS-1 cells (Fig. 3A).
in acute myeloid leukemia cells (24). Consistent with the  Furthermore, these results indicated the presence of basal
results of previous studies (24), the results of the present study ~ ROS levels in SK-LMS-1 cells and supported the notion that
revealed that induction of apoptosis by 2-D08 was significantly ~ cancer cells exhibit higher basal levels of ROS compared
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Table I. High fold-change genes among the significantly up- and downregulated genes.
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Upregulated genes top 10-fold change

Gene symbol Description log2FoldChange P-value
HSPAG6 Heat shock protein family A (Hsp70) member 6 10.56313299 12.14147123
TINCR TINCR ubiquitin domain containing 7.622131682 5477771463
RASDI1 Ras related dexamethasone induced 1 7.409021026 6.643901651
FRG2B FSHD region gene 2 family member B 7.403884047 5.03755407
RIMBP3C RIMS binding protein 3C 6.660468995 3.55968452
AFF2 ALF transcription elongation factor 2 6.633655223 3.527869717
ARC Activity regulated cytoskeleton associated protein 6.546234801 4.829959694
ASXL3 ASXL transcriptional regulator 3 6.386994619 3.064184081
FCRL3 Fc receptor like 3 6.070912873 2.678081617
CCDCT73 Coiled-coil domain containing 73 6.057297181 2.670620262
Downregulated genes top 10-fold change
LCN12 Lipocalin 12 -4.939386897 1.359228814
CCN5 Cellular communication network factor 5 -5.149869976 3976541161
TNFSF12-TNFSF13 TNFSF12-TNFSF13 readthrough -5.177935809 1.336744493
ABCGl1 ATP binding cassette subfamily G member 1 -5.202302215 4.051255441
MUSTNI Musculoskeletal, embryonic nuclear protein 1 -5.277064096 1.669719597
tspan32 tetraspanin 32 -5.420116874 1.814259284
CPAMDS C3 and PZP like alpha-2-macroglobulin domain -5.683960725 2.050450132
containing 8
TBC1D3C TBC1 domain family member 3C -5.804635788 2.100940952

URGCP-MRPS24

ATF7-NPFF

URGCP-MRPS24 readthrough
ATF7-NPFF readthrough

-6.100406013
-6.546939056

2.762892929
3447437941

with normal cells due to an imbalance between oxidants and
antioxidants (42).

According to previous studies, p21, p27 and p53 are
direct or indirect suppressors of tumor development and play
different roles in human biological systems (43). Uterine
leiomyosarcomas are characterized by increased p53 expres-
sion compared with normal leiomyomas and SM tumors
of uncertain malignant potential (44,45). Additionally,
upregulation of p21 expression contributes to cell cycle arrest
by activating p53 (46). Consistent with these studies, it was
hypothesized that 2-D08 affects the expression of p21, p27
and p53 in SK-LMS-1 cells. The antiproliferative effects of
low-dose (20 uM) 2-DO08 treatment for 48 h and the significant
increase in the expression levels of p21 and p27 proteins were
demonstrated in Fig. SA. The expression of p21 protein only
increased when 2-D08 was supplied at a high dose (50 xM)
through the induction of antiproliferative activity and arrest
at the S and G2/M phases (Fig. 4D, bottom panels). This is
an important strategy in cancer treatment, as it inhibits the
proliferation and division of cancer cells by interfering with
the cell cycle that regulates cell division. Therefore, these
results indicated that p21 and p27 can act individually under
each experimental condition and that p21 is more strongly
associated with the 2-D08-induced effects against cell prolif-
eration than p27. However, as shown in Fig. 1E, p27 may also

be involved in the inhibition of Ut-LMS cell proliferation at
low doses of long-term 2-D08 treatment. Interestingly, the
protein level of pS3 was not significantly related to either dose
(Fig. 5A), and 2-DO08 triggered apoptosis in these cells possibly
through enhanced expression of cleaved Caspase-3 at a high
dose (50 M) (Figs. 3B and 5C). Additional experiments are
required to verify these differences and further confirm the
mechanism involved.

Unlike cardiac or skeletal muscle cells, SMCs are unique
in their capacity to switch phenotypes (39,47,48). SMC pheno-
typic conversion has been extensively investigated in vascular
diseases such as atherosclerosis (49). Although vascular SMC
conversion has been intensively studied, phenotypic modula-
tion appears to strongly correlate with the development of
Ut-LMS. In a study published in 2010, a less-differentiated
SMC phenotype was observed in human Ut-LMS cell lines,
whereas the exogenous expression of myocardin in Ut-LMS
cells induced increased expression of SM-specific markers
and stabilization of actin fibers (40). Thus, despite the assump-
tion that 2-DO08 is associated with an altered phenotype of
SK-LMS-1 cells, the expression of SMC marker genes did
not change significantly in 2-D08-treated-SK-LMS-1 cells
(Fig. 6A). These results suggested that 2-D08 represents an
antiproliferative and apoptotic effector rather than a pheno-
typic modulator in SK-LMS-1 cells. Although the mechanisms
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underlying 2-D08-mediated phenotypic conversion remain
unclear, other candidate genes or drugs may play pivotal roles
in the phenotypic conversion of Ut-LMS.

Transcriptome analysis of 2-D08-treated SK-LMS-1 cells
revealed significant changes in gene expression, with 259
genes differentially expressed and distinct clustering observed
for each treatment group (Fig. 7B). The analysis identified
2-D08-specific target genes and showed downregulated expres-
sion for 1,031 genes and upregulated expression for 2,907 genes
in 2-D08-treated cells (Fig. 7C; Table SII). GO functional anal-
ysis revealed significant enrichment for biological processes
related to DNA replication (cell cycle) and various molecular
functions related to the apoptotic process (Fig 7D-F). These
findings suggested that 2-D08 modulates pathways related to
the cell cycle and apoptosis in SK-LMS-1 cells, and potentially
offers a new therapeutic strategy against cancer. The exact
molecular mechanisms through which 2-D08 modulates the
cell cycle and apoptotic pathways in SK-LMS-1 cells are not
fully understood and require further research. It is also impor-
tant to note that, while this analysis provides valuable insights
into the potential effects of 2-D08 on Ut-LMS cells, additional
studies are needed to validate these findings and explore their
broader implications.

Analysis of RNA-seq data has revealed that treatment with
2-D08 enhances the expression of dexamethasone-induced
Ras-related protein 1 (RASDL1), a key estrogen signal transducer
in female reproductive organs (50,51). Rapid upregulation of
the expression of RASDI induced by estrogen occurs via the
p38-MAPK and ERK1/2 pathways in ovariectomized and
prepubertal mice. Reduced expression of RASDI in patients
with repeated implantation failure correlates with lower
estrogen levels during the menstrual cycle, suggesting impaired

implantation (50). Under normal conditions, RASDI facilitates
uterine modulation for successful implantation, while decreased
levels in patients with repeated implantation failure result
in abnormal uterine regulation, hindering implantation (51).
Additionally, RASDI overexpression suppresses cell prolifera-
tion in various cell types, including NIH-3T3 fibroblast cells,
MCEF-7 breast cancer, and A549 lung adenocarcinoma cell
lines (52). Further studies are needed to improve understanding
of the relationship between 2-D08 and RASDI and to gain
clinical insights into uterine leiomyosarcoma.

A significant decrease in viability and colony formation
capacity was observed in SK-UT-1B cells, demonstrating
an anticancer effect (Fig. 1C and E). However, the experi-
ments related to the cell cycle using flow cytometry did not
demonstrate any effect of 2-D08 on SK-UT-1B cells compared
with the results with SK-LMS-1 cells (Fig. 2B). Even though
SK-LMS-1 and SK-UT-1B are both LMS cell lines, differences
in gene expression due to cell origin appear to have led to these
results. As depicted in Fig. S1, a CHX assay was conducted to
inhibit protein synthesis and no difference was observed in the
expression of pS3 in SK-LMS-1 cells, although, a decrease was
observed in SK-UT-1B cells, in the indicated timepoints. These
results suggested that the stability of p53 may differ between
the two cell lines. The difference in p53 protein stability
between the two cell lines is likely attributed to variations in
mutation sites within the p53 gene (53,54), but further research
is needed for confirmation. Additionally, SK-UT-1B is slightly
faster in doubling time compared with SK-LMS-1, as indicated
by a previous study (55). Despite conducting a comprehensive
cell cycle analysis, no clear relationship was found between
the doubling times of cell lines with similar histology or those
with similar doubling times. Furthermore, 2-D0S is involved
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in various signaling pathways such as ROS, apoptosis and
proliferation in SK-LMS-1 cells compared with SK-UT-1B
cells. Studying the changes in gene expression related to these
signaling pathways could lead to the development of substances
targeting them, maximizing their anticancer effects. To investi-
gate which genes are involved in these signaling pathways and
contribute to the anticancer effect of 2-D08, RNA-seq analysis
was performed on SK-LMS-1 cells treated with 2-D08 (Fig. 7).
Therefore, further studies on the mechanism in Ut-LMS cell
lines can help to more clearly define the direction of LMS
treatment, considering that the response to cancer therapy
can vary greatly depending on individual genetic differences.
Such research contributes to the personalization of cancer
management and plays an important role in determining the
most effective treatment for specific patient groups.

Among the limitations of this study, the authors acknowl-
edge that extensive research using, for example, animal models
is warranted to determine the biological effects of 2-D08 and
the mechanisms underlying its roles. In addition, most in vitro
experiments were conducted using two short-term (48 h) doses
(20 and 50 uM) of 2-D08. Selection of the optimal dose of
2-DO08 is required for treating human Ut-LMS. Lastly, using
established Ut-LMS treatment drugs such as trabectedin,
pazopanib and dacarbazine as positive controls in the present
study could enhance reliability. However, it remains unclear
which signaling pathways mediate the effects of these drugs in
Ut-LMS cell lines.

In summary, the present study demonstrated that 2-D08
elicits anticancer effects via multiple signaling pathways in
Ut-LMS cells. Although additional research is needed to fully
understand the underlying biological mechanisms, these results
suggested that treatment with 2-D08 can repress proliferation,
induce apoptosis and potentially affect tumor development in
Ut-LMS.
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