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Abstract
Background: Ursolic acid is a triterpenoid compound found in natural plants that exhibits
antiproliferative effects in various cancer cells. Our study is the first to demonstrate the
strong inhibitory effects of ursolic acid on the proliferation of cutaneous T-cell lymphoma
(CTCL) cells. We aimed to further investigate the underlying mechanism of the proliferation
inhibition induced by ursolic acid in CTCL cells using transcriptome sequencing. Methods:
Cell counting kit-8 assays were used to observe the effects of six traditional medicine
monomers on the proliferation of CTCL cells. Transcriptome sequencing was used to identify
differentially expressed genes after ursolic acid treatment. Bioinformatics analysis was
performed to determine the potential mechanism. Real-time quantitative PCR and western
blotting analyses were performed to confirm the sequencing results and verify the possible
mechanisms of ursolic acid-mediated proliferation inhibition in CTCL cells. Results: Ursolic
acid exhibited the strongest inhibitory effect on the proliferation of CTCL cells among the six
traditional medicine monomers. Transcriptome sequencing analysis showed that 2,466
genes were significantly altered. Combined with Kyoto Encyclopedia of Genes and Genomes
functional enrichment analysis and protein-protein interaction network analysis, the
interaction of various pathways and signaling molecules, such as tumor necrosis factor-α,
NLR family pyrin domain containing 1, c-Jun N-terminal kinase, and melanoma
differentiation-associated gene 5, accounted for the anti-tumor effects of ursolic acid in
CTCL cells. Conclusion: Ursolic acid significantly inhibited the proliferation of CTCL cells,
and our study laid a theoretical foundation for the future treatment of CTCL using ursolic
acid.
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Background

Cutaneous T-cell lymphoma (CTCL) is a type of lymphoma that
primarily involves the skin at the time of diagnosis without evidence
of extra-cutaneous disease. This condition arises from a group of
diseases with different clinical manifestations, histological
characteristics, and prognosis. A recent epidemiological study showed
that the median age at CTCL diagnosis was 50 years, and the incidence
rate of patients over 50 years of age increased by nearly 4 times [1].
CTCL has become an important public health issue in many countries.
The exact etiology of CTCL may be related to a variety of biological,

physical, and chemical factors [2]. Currently, there is no effective
method for the treatment of CTCL. Patients with progressive and
refractory disease often require systemic or combination therapy.
However, CTCL remission often recurs, and recurrent CTCL has strong
resistance to further treatment. Therefore, novel treatment strategies
for refractory and recurrent CTCL are urgently needed.
Traditional Chinese medicine has the advantages of low toxicity,

high effectiveness, and low cost; this approach may play an important
role in the treatment of various tumors [3–5]. Ursolic acid (the
structure of which is shown in Figure 1A) is a triterpenoid compound
existing in natural plants, which has been shown to inhibit cell
proliferation and promote apoptosis in a variety of tumor cells [6–8].
However, there has been no research on the mechanism of ursolic acid
in CTCL cells. Our previous results showed that ursolic acid exerted
strong inhibitory effects on the proliferation of both Myla and Hut-78
cells. To further explore the underlying mechanism of ursolic acid in
CTCL cells, the research technology of transcriptome sequencing was
performed.
Here, we investigated the basic function of ursolic acid on the

proliferation of CTCL cells and performed transcriptome sequencing
analysis to explore the potential mechanism of ursolic acid in Myla
cells for the first time. Our study is expected to lay the theoretical
basis for future CTCL therapy and utilization of ursolic acid.

Methods

Cell and culture
Human CTCL Myla cells were acquired from BeNa Culture Collection
(Suzhou, China), while Hut-78 cells were obtained from Kebai
Biotechnology Co., Ltd. (Nanjing, China). All cells were cultured in
100 × 20 mm cell culture dishes (Corning Inc., Corning, NY, USA)
with complete medium containing RPMI-1640 medium (Gibco, Grand
Island, NY, USA) and 10% fetal bovine serum (Gibco, Grand Island,
NY, USA). The cell culture dishes were incubated in a BB150 CO2
incubator (Thermo Scientific, Waltham, MA, USA) at 37 °C and 5%
CO2.

Chemicals and reagents
Quercetin, emodin, icaritin, resveratrol, ursolic acid and curcumin
were purchased from MedChemExpress (Monmouth Junction, NJ,
USA). The RNA isolator total RNA extraction reagent was obtained
from Vazyme BioTech Co., Ltd. (Nanjing, China). Cell counting kit-8
(CCK-8), Hifair® III 1st Strand cDNA Synthesis SuperMix (gDNA
digester plus), and Hifair® qPCR SYBR® green master mix were

procured from Yeasen Biotech Co., Ltd. (Shanghai, China). Antibodies
against the stress-activated protein kinase/Jun-amino-terminal kinase
(81E11), Bcl-2 (124), Bax (D2E11), poly ADP-ribose polymerase
(PARP, 46D11), caspase-3 (D3R6Y), anti-rabbit IgG (Horseradish
peroxidase-linked antibody), anti-mouse IgG (Horseradish
peroxidase-linked antibody), and antibodies against Fas-associating
protein with a novel death domain (FADD), gasdermin D (GSDMD),
melanoma differentiation-associated gene 5 (MDA5), and β-actin were
obtained from Cell Signaling Technology, Inc. (Boston, MA, USA) and
Proteintech Group, Inc. (Chicago, IL, USA).

Cell proliferation assays
CCK-8 was used to assess the proliferation inhibition rate of ursolic
acid in Myla and Hut-78 cells treated with the indicated compounds.
The cells were seeded into each well (containing 180 μL complete
medium) of 96-well plates, followed by 20 μL phosphate buffer saline
with a compound of the designed concentration added into each well.
After incubating the cells in the CO2 incubator for the designed time,
20 μL CCK-8 was added to each well and the plates were incubated for
another 4 h. Finally, Multiskan Spectrum (Thermo Scientific, Waltham,
MA, USA) was used to measure the absorbance at 570 nm. The
inhibition rate of each compound on Myla and Hut-78 cells was
calculated as a percentage of the control.

Total RNA extraction and cDNA library construction
Myla cells were seeded into 6-well plates with 1.8 mL complete
medium in each well, and 200 μL phosphate buffer saline containing
ursolic acid at the designed concentration was added into each well.
After 48 h, the total RNA extraction reagent was used to collect the
cells. This process was repeated three times. Subsequently, all three
batches of samples underwent enrichment and fragmentation of
mRNA. Reverse transcription was performed to construct a cDNA
library.

Transcriptome sequencing and bioinformatics analysis
All cDNA samples were sequenced using the IIIumina NovaSeq 6000
platform (San Diego, CA, USA). All raw reads underwent a series of
processes of quality control and mapping with the reference genome
to obtain effective data for subsequent analysis. Functional annotation
of mapped reads was accomplished using the Gene Ontology (GO)
database and Kyoto Encyclopedia of Genes and Genomes (KEGG)
database. DESeq2 was used to identify the number of differentially
expressed genes (DEGs) between groups. Finally, functional
enrichment analysis using GO and KEGG databases and
protein-protein interaction (PPI) network analyses were performed in
sequence.

Real-time quantitative PCR (RT-qPCR)
After treatment with ursolic acid for 48 h, Myla cells were collected
using the RNA isolation total RNA extraction reagent. The extracted
RNA was reverse-transcribed into cDNA using Hifair® III 1st Strand
cDNA Synthesis SuperMix. Then, qPCR was performed using the
Roche LightCycler-480 system at the program: 1 cycle of 95 °C for 5
min, 40 cycles of 95 °C for 10 s, 60 °C for 30 s, and 1 cycle of 95 °C for
15 s, 60 °C for 60 s, 95 °C for 15 s, and 60 °C for 15 s.

Western blotting analysis
After treatment of ursolic acid for 48 h, the collected samples were
lysed using radio immunoprecipitation assay (RIPA) buffer with
protease and phosphatase inhibitors (Cell Signaling Technology,
Boston, MA, USA) for 10 min, followed by ultrasonication in a mixture
of ice and water for 15 min. A bicinchoninic acid protein assay kit
(Beyotime Biotechnology, Shanghai, China) was used to determine
protein concentration. Then, the protein samples (total protein 40 μg)
were successively added to the SDS-PAGE electrophoresis system
(Bio-Rad, Benicia, CA, USA), and the proteins in the gels were
transferred onto a polyvinylidene fluoride (PVDF) film using a tank
transfer system (Bio-Rad). After submerging in blocking buffer for 1 h,
the PVDF membranes were incubated in the new blocking buffer

Highlights
Ursolic acid exhibited stronger inhibitory effects on cell
proliferation than quercetin, emodin, icaritin, resveratrol, or
curcumin in cutaneous T-cell lymphoma cells. Subsequently,
transcriptome sequencing analysis combined with protein-protein
interaction network analysis revealed that the key pathways
TNF-α, NLRP1, JNK, and MDA5 accounted for the antitumor
effects of ursolic acid in cutaneous T-cell lymphoma cells.
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containing primary antibodies overnight at 4 °C. The next day, the
films were washed by tris buffered saline with tween (TBST) solution
for three times and incubated with secondary antibodies for 1 h at
room temperature. Eventually, all PVDF membranes were exposed
using the Bio-Rad ChemiDoc XRS+ imaging system (Bio-Rad).

Statistical analysis
The data of the experiments with three duplicated holes are shown as
means ± standard deviation, the curve charts and histograms were
drafted using GraphPad Prism 6.01, and the statistical difference was
computed by Student’s t-test (two-tailed), ***P < 0.001, **P < 0.01, *P
< 0.05, and N.S. shows no significant difference.

Results

Ursolic acid exhibited strong inhibitory effects on the

proliferation in CTCL cells.
Traditional medicines play an important role in cancer therapy [9].
Here, we evaluated the effects of quercetin, emodin, icaritin,
resveratrol, ursolic acid and curcumin on Myla and Hut-78 cell
proliferation. As shown in Figure 1B & C, the above monomers exerted
different degrees of inhibitory effects on Myla and Hut-78 cells.
Significantly, the antiproliferative effects of ursolic acid were superior
to those of the other five monomers. These antiproliferative effects
were subsequently investigated in Myla and Hut-78 cell lines treated
with ursolic acid for 24, 48 h, and 72 h, respectively (Figure 1D & E).
The IC50 of ursolic acid in Myla cells were 33.71 ± 7.56 μM (24 h) and
14.05 ± 4.09 μM (48 h), 16.40 ± 1.71 μM (72 h), and the IC50 of
ursolic acid in Hut-78 cells were 24.14 ± 3.24 μM (24 h), 16.90 ±
1.59 μM (48 h) and 7.24 ± 0.99 μM (72 h). Therefore, we found that
ursolic acid exhibited dramatic inhibitory effects on the proliferation
of CTCL cells, suggesting a potential clinical application.

Figure 1 The effects of six medicine monomers on the proliferation of CTCL cells. (A) The chemical structure of ursolic acid (C30H48O3,
molecular weight 456.68). (B & C) Myla and Hut-78 were respectively treated with indicated concentration of six medicine monomers for 72 h, and
CCK-8 assay was performed to determine the cell viability. (D & E) Myla and Hut-78 cell lines were treated with gradient concentrations of ursolic
acid for 24 h, 48 h, and 72 h, and CCK-8 assay was performed to determine the inhibition rate. CTCL, cutaneous T-cell lymphoma; CCK-8, cell
counting kit-8.
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Ursolic acid induced huge gene changes by transcriptome
sequencing analysis
To investigate the potential antitumor mechanism of ursolic acid,
transcriptome sequencing analysis was used for further exploration of
Myla cells. Based on the above experimental data and existing
epidemiological data (mycosis fungoides was the most common type
of CTCL, accounting for approximately 50% [10]), transcriptome
sequencing analysis was performed after treatment of Myla cells with
10 μM ursolic acid for 48 h. As shown in Figure 2, the expression of
2,466 genes were significantly changed, among which 1,941 genes
were significantly upregulated and 525 genes were significantly
downregulated.

Functional enrichment analysis of DEGs
To explore the cell function changes followed by the gene expression
changes in Myla cells treated with ursolic acid, functional enrichment
analysis was performed for the 2,466 significant DEGs. Software
Goatools (V0.6.4) were used in GO functional enrichment analysis,
and 3,412 GO terms were obtained (P < 0.05) (1,855 GO terms at
P-adjust < 0.05). The top 30 GO terms are shown in Figure 3A, in
which the top three were all associated with vitamin metabolism,
followed by negative regulation of the extrinsic apoptotic signaling
pathway in the absence of ligand and negative regulation of signal
transduction in the absence of ligand. In addition, the functional
groups with the most abundant genes in the top 30 GO terms were
regulation of the extrinsic apoptotic signaling pathway, positive
regulation of leukocyte migration, regulation of T-cell proliferation,
and negative regulation of protein secretion. Many studies have shown
that ursolic acid inhibited proliferation and migration and promotes
apoptosis in various tumor cells [6–8]. The results of the functional
enrichment analysis suggested that ursolic acid exerted significant
effects on proliferation inhibition and apoptosis induction in Myla
cells, which was consistent with our original results.
KEGG pathway enrichment analysis was performed. The pathway

with the highest enrichment degree was the tumor necrosis factor-α
(TNF-α) signaling pathway, followed by the Jak-STAT signaling
pathway, NOD-like receptor signaling pathway, Toll-like receptor
signaling pathway, mitogen-activated protein kinase (MAPK)
signaling pathway, RIG-I-like receptor signaling pathway, C-type
lectin receptor signaling pathway, and IL-17 signaling pathway
(Figure 3B). These pathways are associated with cell proliferation and
apoptosis [11–14], which provides some insight into the mechanism
of ursolic acid in Myla cells.

PPI network analysis of significant DEGs
Critical life functions are executed by proteins that interact in
organisms. Therefore, it is extremely important to perform PPI
network analysis to explore the functions of DEGs. As shown in Figure
4, all 199 proteins of the nodes were divided into four groups. The
lower-right group contained the maximum number of nodes, with
highest density at the edges. This group mainly includes the nuclear
factor kappa-B (NF-κB) protein family, proteasome family, APETALA1,
and TNF-α protein family. The top left corner covered integrin family
related proteins and a variety of collagens, while the left lower corner
covered some key proteins in cell division, the right upper corner
interleukin family, and its receptors. Additionally, the four groups
were linked to various chemokines. Some of the proteins mentioned
above are authentically relevant to cell proliferation and apoptosis [15,
16], and more experiments are needed to verify the correlation in vivo
and in vitro.

RT-qPCR validation of significant DEGs
To furtherly verify the results of transcriptome sequencing and
perform an analysis of the representative genes of the pathways and
the key gene nodes in the PPI network, RT-qPCR was performed. The
results of RT-qPCR are shown in Figure 5, most of which were
consistent with previous transcriptome sequencing results. Combined
with the results of RT-qPCR and transcriptome sequencing, the mRNA
expression of TNF-α, TNF receptor-associated death domain (TRADD),

and caspase 10 of the TNF-α signaling pathway were all upregulated,
NLR family pyrin domain containing 1 (NLRP1) and caspase
recruitment domain family member 11 (CARD11) of the NOD-like
receptor signaling pathway were significantly upregulated, interleukin
1 receptor associated kinase 2 and TNF receptor associated factor 1
(TRAF1) of the Toll-like receptor signaling pathway were upregulated,
MAPK8 of the MAPK signaling pathway was upregulated, and
tripartite motif containing 25 (TRIM25) and caspase 10 of the
RIG-I-like receptor signaling pathway were upregulated. In addition,
the mRNA expression of NF-κB, proteasome 20S subunit beta 9, and
Jun proto-oncogene (JUN) in the PPI network was upregulated.
Though the expression of Janus kinase 3 was significantly upregulated,
its expression was low. Finally, there was no significant difference
between the treatment and control groups in the expression of kinesin
family member 11, centromere protein F, NIMA related kinase 2, and
TTK protein kinase, the last three of which are key proteins related to
cell division. The sequencing data reliably reflected changes in gene
expression.

Western blotting analysis of pathway-related proteins and
apoptosis-related proteins
Combined with the above experimental results, western blotting
analysis were performed to explore the changes in the expression of
some pathway-related proteins and apoptosis-related proteins in Myla
cells after treatment with ursolic acid. As shown in Figure 6A, the
expression of FADD, a key protein in the TNF-α signaling pathway,
was upregulated, GSDMD in the NOD-like receptor signaling pathway
was upregulated, phosphorylated c-Jun N-terminal kinase (p-JNK) in
the MAPK signaling pathway was upregulated, and MDA5 in the
RIG-I-like receptor signaling pathway was upregulated. The
consistency of the western blotting and RT-qPCR results suggests
that these pathways are very likely to participate in the regulatory

Figure 2 DEGs induced by ursolic acid treatment. Myla cells were
treated with 10 μM ursolic acid for 48 h, and the samples were
collected for transcriptome sequencing and bioinformatics analysis.
The abscissa represented the multiple of DEGs expression between two
sample groups, namely the value obtained by dividing the expression
of the treated sample by that of the control sample. The ordinate
exhibited statistically significant gene expression (i.e., P-value). The
higher −log10 (P-value) was, the more significant the difference was,
and both the values of abscissa and ordinate were logarithmic. The red
dot in the graph indicated up-regulated gene, while the green dot
down-regulated gene and the gray dot non-significant difference gene.
DEGs, differentially expressed genes. FC, fold change.
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Figure 3 Functional enrichment analysis of significant DEGs in Myla cells after ursolic acid treatment. (A) GO functional enrichment
analysis: the ordinate indicated GO terms. The upper abscissa exhibited the gene numbers mapped with the GO terms, which corresponded to
different points on the broken line. The lower abscissa exhibited a significant level of enrichment, which corresponded to the height of column. (B)
KEGG pathway functional enrichment analysis: the ordinate represented different KEGG pathways, and the abscissa indicated the rich factor of
each pathway. The color and size of points represent the significance level of enrichment and the gene numbers of each pathway separately. DEGs,
differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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process of ursolic acid in Myla cells. In addition, the expression of Bax
(an antagonistic factor of Bcl-2), Bcl-2, caspase-3, cleaved caspase-3,
PARP, and cleaved PARP was upregulated (Figure 6B). Although Bcl-2
is an anti-apoptotic protein, the expression of Bax is significantly
higher than that of Bcl-2. Furthermore, combined with the expression
of caspase-3, cleaved caspase-3, PARP, cleaved PARP, and the results
of proliferation inhibition tests of ursolic acid in Myla cells, these data
suggest that ursolic acid also promotes apoptosis in Myla cells.

Discussion

CTCL, a type of non-Hodgkin lymphoma, is relatively rare in
non-Hodgkin lymphoma (approximately 5% of all cases) [1]. Because
of its high recurrence rate and drug resistance, researchers continually
research treatment strategies for CTCL. In the present study, we
detected the effects of ursolic acid in both Myla and Hut-78 cells and
found that the inhibitory effects of ursolic acid on the proliferation of
CTCL cells were superior to those of the other five traditional
medicines, and the inhibitory effect was concentration-dependent in
CTCL cells (Figure 1D & E). Importantly, our study first explored the
potential effects and mechanisms of ursolic acid in Myla cells, which
are derived from mycosis fungoides, the most common type of CTCL
[10]. Transcriptome sequencing revealed that the key pathways
TNF-α, NLRP1, c-Jun N-terminal kinase (JNK), and MDA5 were
responsible for the anti-tumor effects of ursolic acid in CTCL cells.
In our study, we found that the expression of the apoptosis-related

effector proteins Bax and Bcl-2 was upregulated after treatment with
ursolic acid. Bax and Bcl-2 belong to the Bcl-2 family, which plays

important roles in the regulation of apoptosis [17]. Although their
expression was upregulated, that of Bax was significantly higher than
that of Bcl-2. Additionally, the early marker PARP and late marker
caspase of apoptosis were upregulated. Thus, we inferred that ursolic
acid inhibited proliferation and induced cell apoptosis in Myla cells.
TNF-α directly killed tumor cells without obvious cytotoxicity to
normal cells and triggered the activation of many pathways, including
the NF-κB and MAPK pathways, which are closely related to apoptosis
induction and proliferation inhibition [18, 19]. In our study, the
expression of TNF-α, TRADD, FADD, caspase 10, and caspase 3 were
all up-regulated, which constituted a complete chain of upstream and
downstream relations of apoptosis promotion [20]. In addition, JNK
can be activated by TNF-α through a series of procedures, after which
JUN protein is activated and finally enters the nucleus to activate
target gene transcription and promote apoptosis [21]. The expression
of both p-JNK and JUN was upregulated, which was consistent with
the ursolic acid-triggered activation of TNF-α.
As reported, some chemotherapeutic drugs play antitumor roles by
inducing pyroptosis [22, 23], which can be activated by NOD-like
receptors [24]. In our study, the expression of NLRP1, CARD11, and
GSDMD was upregulated, suggesting that ursolic acid may inhibit the
proliferation of Myla cells via pyroptosis [24]. MDA5, a key member
of the RIG-I-like receptor family, induces growth inhibition or
apoptosis in multiple types of cancer cells by activating RNA ligands
in an interferon-dependent or interferon-independent manner [25].
The expression of TRIM25, caspase 10 and MDA5 in the RIG-I-like
receptor signaling pathway was also upregulated by ursolic acid
treatment in our study.

Figure 4 The PPI network of DEGs. All 2,466 significant DEGs were mapped with the proteins in STRING database. 199 nodes and 819 edges were
obtained after further screening, and a PPI network was established subsequently. PPI, protein-protein interaction; DEGs, differentially expressed
genes.
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Figure 5 RT-qPCR analysis of 17 DEGs. Myla cells were treated with 10 μM ursolic acid for 48 h, and the samples were collected for RT-qPCR
analysis. The two columns were on behalf of the relative expression of control group and experimental group (10 μM ursolic acid), respectively. All
the results were shown as means ± standard deviation, and the statistical difference was calculated by Student’s t-test (two tailed), ***P< 0.001, **P
< 0.01, *P< 0.05, N.S. = no significant difference. RT-qPCR, real-time quantitative PCR; DEGs, differentially expressed genes; Ctrl, control group;
TNF-a, tumor necrosis factor alpha; TRADD, TNF receptor-associated death domain; JAK3, Janus kinase 3; NLRP1, NLR family pyrin domain
containing 1; CARD11, caspase recruitment domain family member 11; IRAK2, interleukin 1 receptor associated kinase 2; TRAF1, TNF receptor
associated factor 1; MAPK8, mitogen-activated protein kinase 8; TRIM25, tripartite motif containing 25; CASP10, caspase 10; NFKB1, nuclear factor
kappa B subunit 1; PSMB9, proteasome 20S subunit beta 9; JUN, Jun proto-oncogene; KIF11, kinesin family member 11; CENPF, centromere
protein F; NEK2, NIMA related kinase 2; TTK, TTK protein kinase.
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Figure 6 Western blotting analysis of key proteins of related pathways and apoptosis related key proteins. Myla cells were treated with 10
μM ursolic acid for 48 h, and the samples were collected for western blotting analysis. (A) The expression of FADD, GSDMD, p-JNK and MDA5 in
control group and experimental group (10 μM ursolic acid). (B) The expression of Bax, Bcl-2, caspase-3, cleaved caspase-3, PARP and cleaved PARP
in control group and experimental group (10 μM ursolic acid). β-Actin is shown as internal reference protein; FADD, Fas-associating protein with a
novel death domain; GSDMD, gasdermin D; p-JNK, phosphorylated c-Jun N-terminal kinase; MDA5, melanoma differentiation-associated gene 5;
PARP, poly ADP-ribose polymerase; Ctrl, control group.

As reported, ursolic acid induced proliferation inhibition and
apoptosis, and decreased the protein levels of p65 and p50 in Hut-78
cells [26]. However, our data showed that the expression of most
NF-κB family members was upregulated after ursolic acid treatment.
Here, we believe there are several reasons for these conflicting results.
First, Myla and Hut-78 represent mycosis fungoides and Sezary
syndrome, respectively. It is very common for ursolic acid to exhibit
different effects in two CTCL lines derived from different tissues.
Second, inhibition of NF-κB signaling induces cell apoptosis [27], but
activation of NF-κB signaling also induces cell apoptosis [28].
The NF-κB signal transduction pathway inhibited cell apoptosis

through a variety of pathways, such as increasing the expression of
Bcl-2 and TRAF1, which were both verified in our study [29, 30]. In
addition, the presence of NF-κB can also inhibit the anti-tumor effect
of TNF-α [31]. In addition, the proteasome degraded I κB, which was
inhibited by NF-κB; thus, NF-κB was released and activated, which
played an anti-apoptotic role [32]. Additionally, the antagonism of
NF-κB and proteasome indicated that NF-κB or proteasome inhibitors
may enhance the antitumor effects of ursolic acid.

Conclusion

In summary, ursolic acid significantly inhibited proliferation and
induced apoptosis in Myla cells, which was the result of the
interaction of various pathways and signaling molecules, such as
TNF-α, NLRP1, JNK, and MDA5. This study is expected to provide a
theoretical basis for future applications of ursolic acid in CTCL.
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