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Pristimerin Suppressed Breast Cancer Progression
via miR-542-5p/DUB3 Axis
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Background: Breast cancer is one of the most common and malignant tumors in the
world. Nowadays more attention has been garnered in pristimerin anti-cancer effects.
Here, we illustrate the function and regulatory mechanism of pristimerin in breast cancer
therapy.

Materials and Methods: Breast cancer cell lines MCF-7, MDA-MB-231, and 4T1 were
used. Cell Counting Kit-8 (CCK-8) assay was performed to evaluate proliferation viability of
breast cancer cells under pristimerin treatment. Wound healing assay was used to examine
the migration ability, cell cycle, and cell apoptosis detection were tested by flow cytometry.
Bioinformatic analysis was used to find the underlying molecular and gene connected with
pristimerin and breast cancer survival. Finally, we used transfection and real-time polymerase
chain reaction analysis to confirm the mechanism.

Results: We observed that pristimerin inhibited breast cancer cell viability, migration,
and cell cycle, meanwhile induced cell apoptosis. In addition, under pristimerin treat-
ment, miR-542-5p was up-regulated while DUB3 was down-regulated. Furthermore,
bioinformatics analysis showed higher expression of DUB3 in breast cancer compared
with normal tissue, also with poor prognosis. Overexpression miR-542-5p in breast
cancer cells leads to a decrease in DUB3 level. The effect was obviously post pristimerin
treatment and miR-542-5p overexpression.

Conclusion: Pristimerin inhibited breast cancer progression through DUB3 expression via
a canonical miRNA-mediated mechanism.
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Introduction
Breast cancer is one of the most common primary tumors in females worldwide,
also with a high malignancy degree.' Over the past few years, technical
advances, diagnosis criteria, and therapy strategies have improved, though
therapeutic efficacy is still limited, and mortality rates of breast cancer have
reduced.”? It’s crucial to improve the treatment and prognosis of patients.*
Pristimerin  (20a-3-hydroxy-2-oxo0-24-nor-friedela-1-10,3,5,7-tetraen-carboxylic
acid-29-methyl ester) isolated from the Celastraceae and Hippocrateaceae families
is a naturally occurring quinone methide triterpenoid. Various pharmacological effects
of pristimerin have been confirmed, including insecticidal, anti-inflammatory, anti-
angiogenic, anti-protozoal, and anti-cancer roles.” Nowadays, the anti-cancer activity
as a novel function of pristimerin has been discovered in cancer cell lines (eg, glioma,

colon, and multiple myeloma), and research is focused on the various molecular targets
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and pathways of pristimerin in cancer treatment and preven-
tion of chemotherapy resistance.*''

MicroRNAs (miRNAs) are a large family of small non-
coding RNAs containing 20-22 nucleotides.'> miRNAs
target the RNA induced silencing complex (RISC) by
binding to specific sites within the 3-UTR (three prime
untranslated region) to decrease the expression of target
mRNAs at the post-transcriptional level,"® leading to
either mRNA degradation or the inhibition of protein
translation.'* Argonaute (AGO) protein is an important
member of RISC. Evidence has shown that miRNAs play
a key role in a number of critical biological processes
leading to a broad spectrum of diseases. Particularly,
whether as tumor suppressor genes or oncogenes,
miRNAs can coordinate multiple cellular processes related
to cancer progression and disease severity,'> which means
that miRNAs can not only be a crucial pathophysiological
component associated with tumor development, but also
a therapy target for cancer.

Ubiquitination is a reversible process and ubiquitin
moieties are removed from polypeptides by deubiquiti-
nases (DUBs, also named USP17L2). Based on accumu-
lating evidence, DUBs are essential for DNA repair,
transcription, and cell cycle progression and other cellular
functions regulation.'® The DUBs family includes five
subgroups, DUB3 is an immediate early gene which is
also cytokine-inducible.!” It have been confirmed that
DUB3 expression was related to tumor proliferative poten-
tial and apoptosis progression, leading to poor
prognoses in various human cancers (eg, non-small cell
lung cancer, epithelial ovarian cancer, and colorectal
cancer).'®?° However, the role of DEB3 in mediating
tumor cell migration and metastasis is still unclear.

Here, we utilize unbiased approaches to identify the
specific pristimerin responsible for anti-cancer effect, and
identify miR-542-5p as a silence signal of DUB3. The
miR-542-5p/DUB3 signaling axis forms a “sensor and effec-
tor” circuitry by pristimerin treatment to suppress breast

cancer progression.

Materials and Methods

Materials

Pristimerin (purity > 99%) was purchased from
Paypaytech Inc. (Shenzhen, China), reconstructed with
dimethyl sulfoxide to 20 mM stock solution, and stored

in small aliquots at —20°C.

Cells and Cell Culture

Breast cancer cell lines MCF-7, MDA-MB-231, and 4T1 were
purchased from the Shanghai Institute of Cell Biology,
Chinese Academy of Sciences (Shanghai, China). Cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) (Gibco,
Grand Island, NY, USA), glutamine (2 mmol/L), streptomycin
(100 pg/mL), penicillin (100 U/mL), and were maintained at
37°C in humidified 5% CO, incubators. Cells in the mid-log
phase were used for further research. For cell count, medium
was removed from the culture container, rinsed with PBS, then
cells were exposed to trypsin, and incubated for 1-2 minutes.
Next, trypsin activity was stopped by adding serum containing
medium, pipetting the cells up and down until the cells were
dispersed into a single cell suspension. The cells were counted
manually under a microscope.

Cell Viability Assay

1x10* cells/well were seeded into a 96-well microplate, 18
h after seeding, treated with various concentrations (0, 0.5, 1,
2, and 4 uM) of pristimerin, triplicates per concentration.
Twenty-four hours later, 10 pL of Cell Counting Kit-8
(CCK-8; Beyotimes, Wuhan, China) was added to each well.
After incubation for 1 h, the optical density was tested by
a spectrophotometer (Bio-Rad, Hercules, CA, USA) at 450 nm
wavelength. The 0 uM pristimerin treatment was set as control
cells, whereas medium alone was set as blank control. Cell
viability was given by the following formula: Viability (% of
control cells) = (A450 of treated cells - A450 of medium)/
(A450 of control cells - A450 of medium)*100%.

Cell Apoptosis and Cell Cycle Detection
by Flow Cytometry

Breast cancer cells were treated with 0 or 1 uM pristi-
merin for 24 h. Then, cell apoptosis and cell cycle were
evaluated by Annexin V-FITC/PI apoptosis detection kit
(BD Biosciences) and PI Staining Cell Cycle Detection
Kit (Thermo Fisher, Waltham, MA, USA) following the
manufacturer’s instructions,?’ respectively. Finally, this
was analyzed by using a FACS LSRFortessa flow cyt-
ometer. The 0 uM pristimerin treated group was set as
control.

Cell apoptosis were analyzed with FlowJo 10.0 soft-
ware package (Treestar Inc., Ashland, OR, USA).
AnnexinV /PI", AnnexinV'/PI", AnnexinV /PI",
AnnexinV'/PI" were defined as live cells, early apoptosis,

and

late apoptosis, and necrosis cells, respectively.”> DNA
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index (DI) as well as the estimation of cells in S and G2M
cell cycle compartments were performed by automatic
analysis using the ModFit LT 5.0.9 software (Verity
Software House, USA).

Wound Healing Assay

Cells were seeded into 6-well plates and cultured with
DMEM. After 12h, we scratched the plate quickly with
a plastic tip, then changed the culture to serum-free
DMEM with 0 or 1 puM pristimerin. Twenty-four hours
later, wound closure was measured by Image] software.
The 0 uM pristimerin treated group was set as control.
Data was analyzed with ImageJ 1.52a software (National
institutes of Health, USA). Also, we used a non-cytotoxic
dose of 0.1 uM pristimerin treated MCF-7 cells for 5 h,
then analyzed as mentioned above to determine the biolo-
gical effect of pristimerin.

TIMER Analysis

The Tumor Immune Estimation Resource (TIMER,

https://cistrome.shinyapps.io/timer/) algorithm is

a database incorporating 10,009 samples across 23 can-
cer types from The Cancer Genome Atlas (https://cis
trome.shinyapps.io/timer/).”> The gene module allows

users to select any gene of interest and visualize the
correlation of its expression in diverse cancer types. The
survival module draws Kaplan-Meier plots for genes to
visualize the survival differences. Levels are divided
into low and high levels by a user-defined slider. Once
all inputs are defined, TIMER outputs the Cox regres-
sion results including hazard ratios and statistical sig-
nificance automatically. A P-value of Log rank test for
comparing survival curves of two groups is shown.
DUB3 expression in different cancer types was evalu-
ated compared with normal tissues, also the relationship
with DUB3 expression and overall survival (in breast
cancer, or between breast cancer and normal) was
analyzed.

Real-Time Polymerase Chain Reaction
Analysis (RT-PCR)

First, total RNA of breast cancer cells was purified by
using AxyPrep Multisource Total RNA Miniprep Kit
(Axygen, Union City, CA, USA). Each sample was sub-
jected to purity quantification using an OD 260/280 nm
absorbance ratio. Pure samples with a 260/280 ratio
between 1.8 and 2.1 were selected for subsequent

experiments. Then, after checking the quality, RNA was
converted to cDNA using PrimeScript RT Reagent Kit
with gDNA Eraser (Takara Bio,
Polymerase chain reaction was performed using SYBR

Kusatsu, Japan).
Green based on the instruction manual (Takara Bio,
Kusatsu, Japan). Primer
Primerbank  (https://pga.mgh.harvard.edu/primerbank/),
in Table 1

China). Relative target mRNA expression was quantified

sequences were found in

shown (Comate Bioscience, Changchun,
using the AACt method. U6 and f-actin were used as
housekeeping genes.

Transfection with miR-542 Mimics

1x10° cells/well were seeded into 24-well microplate with
DMEM. 18 h after seeding, 1 pL HiPerFect transfection
reagent (Qiagen, Shanghai, China) with 2 uLL 20 nM negative
control or hsa-miR-542-5p mimics (GenePharma, Shanghai,
China) were used for transfecting, mixed with 60 phL. DMEM
for 10 min, then medium was removed from the culture con-
tainer, and the mixture above added to 150 pL medium with
cells. Cells were harvested at 48 h after transfection. The
transfection efficiency of hsa-miR-542-5p was confirmed by
RT-PCR.

For cell viability detection, 1x10* cells/well were
seeded into a 96-well microplate, 18 h after seeding,
0.3uL HiPerFect transfection reagent (Qiagen, Shanghai,
China) with 0.6 pL 20 nM negative control or hsa-miR
-542-5p mimics (GenePharma, Shanghai, China) were
used for transfecting, mixed with 20 pL. DMEM for 10
minutes, then removed medium from culture container,
and the mixture above added to 100 pL medium with
cells. After 24 h, cell activity was measured as described
above, negative control was set as control.

Table | Oligonucleotide and Primer Sequence

Oligonucleotide Primer Sequence

ué 5-CGCTTCGGCAGCACATATAC-3' (forward),
5-TTCACGAATTTGCGTGTCATC-3' (reverse)

hsa-miR-542-5p 5-CTCCTCTCGGGGATCATCAT-3’ (forward),

5-TATGGTTGTTCACGACTCCTTCAC-3' (forward)

B-actin 5'-TTCAACACCCCAGCCATG-3' (forward),
5'-CCTCGTAGATGGGCACAGT-3' (reverse)

AGO2 5'-TCCACCTAGACCCGACTTTGG-3' (forward),
5-GTGTTCCACGATTTCCCTGTT-3' (reverse)

DuUB3 5'-CTATCATTGCGGTCTTTGTCTCC-3' (forward),

5-AAGTGATGCTACAGGCAGTGA-3' (reverse)
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Statistical Analysis

Statistical analyses were performed with Prism (version
8.0, GraphPad Software, San Diego CA, USA). Results
were shown as mean+SD. Statistical comparisons were
performed using two-way ANOVA or Student’s t-test of
variance. P-values<0.05 were considered to denote statis-
tical significance. All data represent at least three indepen-
dent experiments.

Results
Pristimerin Inhibited the Growth of

Breast Cancer Cells

Cell viability was performed to investigate the potential role
of pristimerin by using CCK-8 assay (all P<0.05 with pristi-
merin concentrations from 1 pM up to 4 uM; Figure 1) in
MCF-7, MDA-MB-231, and 4T1 breast cancer cells. The
result showed that pristimerin did not significantly affect
breast cancer cell viability at a concentration of 0-0.5 puM;
however, cell proliferation was remarkably inhibited when
the concentration was brought up to 1 uM. Whereas MCF-7
and MDA-MB-231 cell viability was obviously inhibited
when 2 puM pristimerin was used in the experiment.

Pristimerin Inhibited Migration and Cell
Cycle of Breast Cancer Cells, and Also
Induced Apoptosis

Migration and metastasis are the majority cause of human
cancer-related deaths.>* We used a wound healing assay to
evaluate the migration ability of MCF-7 cells and found

15 -©- MCF-7
g ’ -2 MDA-MB-231
g -¥4T1
(3]
8
S 1.04
g
g
2
=
.g osL _
2
3
0

0 0.5 1 2 4
concentration of pristimerin (uM)

Figure | Pristimerin inhibits the cellular viability. CCK-8 assay showed that pris-
timerin inhibited the viabilities of MCF-7, MDA-MB-231, and 4T breast cancer cells
in a dose dependent manner.

that under pristimerin treatment cell migration was mark-
edly reduced in vitro (Figure 2A and B), suggesting
a potential role of pristimerin in cell migration impeding.
Furthermore, we used 0.1 pM pristimerin treated MCF-7
for 5 hours, and no significant changes were observed
(Supplemental Figure S1), indicating the effect on cell

migration is due to the cytotoxicity of pristimerin, other
than the biological effect.

Pristimerin contributes to relaxation of the G1/S check-
point upon decreasing cell cycle-related proteins expression in
human cholangiocarcinoma cells.”* In line with this model,
we used flow cytometric analysis of the cellular DNA content
to discover the function of pristimerin on the cell cycle dis-
tribution and further elucidate the underlying mechanism of
pristimerin in cell growth inhibition. We observed that MCF-7
cells exhibited GO/G1 phase of the cell cycle blocking under
pristimerin treatment. In addition, S and G2-M phase of the
cell cycle also showed a concomitant reduction (Figure 2C
and D). Overall, these results suggested that induction of G0/
G1 phase arrest by pristimerin induced breast cancer cells
growth inhibition.

To further evaluate the cell growth blocking function of
pristimerin, we examined MCF-7 cells apoptosis by using
Annexin V-FITC/PI double-staining and assessed fluores-
cence by flow cytometry. As shown in Figure 2E and F,
pristimerin treatment significantly induced cell late apopto-

sis and necrosis, especially late apoptosis.

Pristimerin Down-Regulated DUB3 in

Breast Cancer
In previous study, DUB3 inhibition was confirmed to

- - .2
invasion and metastasis.?’

suppresses breast cancer
Bioinformatic analysis by TIMER was used to evaluate
DUB3 level in various cancer and normal tissues, as
shown in Figure 3A. DUB3 was significantly overex-
pressed in breast cancer compared with normal. Next, the
expression level of DUB3 in the overall survival analysis
was calculated using the Kaplan-Meier curve. Compared
to normal, breast cancer patients showed a higher expres-
sion of DUB3, with a lower overall survival rate (log-rank
P=0.003), whereas higher expression of DUB3 showed
a worse overall survival in breast invasion cancer, however
with no significant difference (Figure 3B), indicating that
DUB3 may play important roles in breast cancer and were
related to survival rate. To investigate the potential role of
pristimerin, the expression level of DUB3 with or without

pristimerin treatment in MCF-7 and MDA-MB-231 were
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Figure 2 The effect of pristimerin on migration, cell cycle distribution and apoptosis. (A and B) MCF-7 cells were treated with 0 and | uM pristimerin, respectively. The
migratory potential of cells was analyzed by wound-healing assay and results were quantified. P=0.0017. (C and D) MCF-7 cells were treated with 0 and | uM pristimerin,
respectively. Then, we stained cellular DNA with propidium iodide and performed flow cytometric analysis for evaluating the percentage of cells in various phases of the cell
cycle. P=0.0313, P=0.0532, P=0.0001, respectively. (E and F) MCF-7 cells were treated with 0 and | uM pristimerin, respectively. Then, flow cytometry analysis with Annexin
V and Pl double staining proved that apoptosis was induced. P=0.0294. *P<0.05; **P<0.01; ***P<0.001.

analyzed by RT-PCR. The results indicated that with anti-  differently expressed in tumor and normal tissue of breast
cancer effect, pristimerin treatment significantly decreased cancer and the level is associated with overall survival,
DUB3 level in both MCF-7 and MDA-MB-231 cells under pristimerin treatment, DUB3 declined while cell
(Figure 3C and D). Our findings suggested that DUB3 is  malignancy decreased in breast cancer cells.
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Figure 3 DUB3 different expression in breast cancer, associated with overall survival and is down-regulated by pristimerin treatment. (A) Expression of DUB3 in different
cancer and normal tissues. (B) Overall survival with high or low expression of DUB3 in breast cancer patients (up, P=0.142), between breast cancer patients and normal
(down, P=0.003). (C) DUB3 expression decreased in MCF-7 24 hours post-treatment with pristimerin, P=0.0484. (D) DUB3 expression decreased in MDA-MB-231 24

hours post-treatment with pristimerin, P=0.0208. *P<0.05; **P<0.001.

miR-542-5p Bounded to AGO?2 and
Targeted DUB3 in Breast Cancer Cells

The predominant function of miRNA has been confirmed
to guide AGO2 to its specific targets through sequence
complementarity, then located in RISC and lead to mRNA
cleavage or translation blocking. miR-542 associated
research was focused on proliferation, migration, metasta-
sis, angiogenesis, and survival of tumor cells.”**® Here,
we treated MCF-7 and MDA-MB-231 human breast can-
cer cells with pristimerin, miR-542-5p expression was up-
regulated (Figure 4A and B), while DUB3 was down-
regulated. Hence, we hypothesized miR-542-5p might
directly modulate AGO2 into RISC, subsequently the

RISC leads to repression of DUB3, resulting in the pro-
liferation, migration, and cell cycle were all inhibited by
pristimerin. To verify the hypothesis, we used miR-542-5p
transfection, then evaluated cell proliferation of breast
cancer cells by CCK-8 assay. The result suggested that
MCF-7 proliferation reduced with miR-542-5p overex-
pression (Figure 4C and FD). Next, we found AGO?2
mRNA level was positive related with miR-542-5p,
while DUB3 was down-regulated, suggesting that miR-
542-5p might play upstream of AGO2 and DUB3
(Figure 4E and FF). Finally, the effect of pristimerin
treatment and miR-542-5p overexpression in MCF-7
cells was evaluated. miR-542-5p mimics or control were
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Figure 4 miR-542-5p targeted AGO2 and DUB3 in breast cancer cells. (A) Expression of miR-542-5p elevated in MCF-7 24 hours post-treated with pristimerin, P=0.0478.
(B) Expression of miR-542-5p elevated in MDA-MB-231 24 hours post-treated with pristimerin, P=0.0304. (C) Levels of miR-542-5p elevated 48 hours after transfection of
miR-542-5p mimics than control in MCF-7, P=0.0302. (D) CCK-8 assay showed that miR-542-5p overexpression inhibited the viability of MCF-7 breast cancer cells,
P=0.0103. (E) Levels of AGO2 mRNA enhanced 48 hours after transfection of miR-542-5p mimics than control in MCF-7, P=0.0337. (F) Levels of DUB3 mRNA decreased
48 hours after transfection of miR-542-5p mimics than control in MCF-7, P=0.0082. (G) Levels of AGO2 mRNA expression 48 hours after transfection of miR-542-5p
mimics or control, and 24 hours post-treated with or without pristimerin (I pM) in MCF-7. P=0.0155, P=0.0201, P=0.0432, respectively. (H) Levels of DUB3 mRNA
expression 48 hours after transfection of miR-542-5p inhibitor or control, and 24 hours post-treated with or without pristimerin (I pM) in MCF-7. P=0.0205, P=0.0039,
P=0.0098, respectively. ¥P<0.05; **P<0.01.

transfected to MCF-7 cells, then treated with or without as negative control, whereas 1 uM pristimerin treated with
pristimerin (1 uM), RT-PCR was performed to determine  hsa-miR-542-5p mimics transfection group was set as
AGO2 and DUB3 expression. 0 uM pristimerin treated  positive control. Our results revealed that overexpression
with hsa-miR-542-5p control transfection group was set miR-542-5p with pristimerin treatment elevate AGO2 and
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reduce DUB3 expression significantly (Figure 4G and H),
therefore pristimerin and miR-542-5p overexpression had
profoundly the same effect to inhibit breast cancer cells
proliferation.

Discussion
Despite advances in diagnosis and treatment, breast cancer is
still the most common cancer with high mortality in women,
regardless of race or ethnicity.”® Pristimerin purified from
traditional medicinal plants has the activity to inhibit tumor
angiogenesis and prevent chemotherapy resistance.'**° In the
current study, we find pristimerin inhibits breast cancer cell
proliferation, migration, and cell cycle, induces apoptosis,
while DUB3 expression is down-regulated. Meanwhile breast
cancer overexpression DUB3 compared with normal tissue,
breast cancer patients with DUB3 high expression also exhibit
a lower survival rate. In addition, we point out miR-542-5p is
the key target in pristimerin reducing breast cancer cells via-
bility, through DUB3 signal. miRNAs play an important role
in the development of organisms and diseases, including both
biological and cellular processes, such as malignant transfor-
mation. AGO?2 is a crucial component of RISC and plays an
essential role in RNA silencing process.>’ RISC is known as
RNA interference for gene-silencing ability. In some condi-
tions, a large number of miRNAs expression levels could be
affected under anti-tumor drugs treatment, shaping a specific
miRNA expression profile footprint.>> As a novel anti-cancer
pharmaceutical, pristimerin treatment may play a central reg-
ulatory role with differentially expressed miRNAs, eventually
resulting in proliferation inhibited, GO/G1 phase arrest, and
apoptotic cell death increased. Furthermore, these anti-cancer
effects of pristimerin on breast cancer cells might alleviate or
slow disease progression.

miR-542 was a multifunctional miRNA, which is
involved in proliferation, invasion, cell apoptosis, and
other biological processes.’**® miR-542-5p and miR-
542-3p are two mature sequences formed from pre-miR
-542, while studies on miR-542-3p is abundant, studies on
miR-542-5p is insufficient, whereas its role is still contro-
versial. miR-542-3p is known as a tumor suppressor, over-
expression of miR-542-3p may lead to proliferation,
migration, angiogenesis, and survival inhibition, even
decrease the metastatic potential of tumor cells.*~> In
the present study, we first discovered miR-542-5p expres-
sion was obviously higher under elevated pristimerin con-
centration accompanied with breast cancer cell viability
reduced, which indicated that miR-542-5p might unfacili-
tate breast cancer cell proliferation. Subsequently, the

miR-542-5p effect on RISC and proliferation associated
gene DUB3 was evaluated. Our results revealed that pris-
timerin treatment and miR-542-5p overexpression shared
synergistic effect, decreasing cell proliferation potentially
achieved by its regulation on AGO2 and DUB3 expres-
sion, which was involved in breast cancer progression.

It is well documented that the dynamic equilibrium
between ubiquitination and deubiquitination regulated most
cellular protein stability, and ubiquitin-mediated protein
degradation plays crucial roles in cancer-related cellular
processes.’® As an important deubiquitinating enzyme,
DUB3 is known to regulate a DNA damage response by
controlling H2AX ubiquitination,’” stabilize Cdc25A protein
phosphatase to couple the G1/S checkpoint,®® and stabilize
SNAILI
transition.*® Strikingly, it not only regulates CDK4/6 at post-

protein to induce epithelial-mesenchymal
translational level,> but also combines to cyclin A to accel-
erate its deubiquitination and stabilize G1/S transition in cell
cycle progression. Although the upstream of DUB3 is still
unclear, the function of inhibiting cell proliferation and
migration indicates that it may act as a novel therapeutic
target in cancer. Here, we provided a mechanism basis for
pristimerin application as an anticancer therapy, however,
further studies are still needed.

Conclusions

In conclusion, the current study revealed the anti-cancer
effect of pristimerin in breast cancer (participated in the
proliferation, migration, cell cycle, apoptosis of cells)
probably through miR-542-5p/DUB3 axis.
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