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Background: Cisplatin-based neoadjuvant chemotherapy and concurrent radiotherapy and che-
motherapy are the main treatment for advanced cervical cancer. However, the development of
multidrug resistance (MDR) leads to chemotherapy failure, tumor recurrence and poor survival. In
this research, we investigated the effect and corresponding mechanism of leonurine on cisplatin
sensitivity of cervical cancer cells.

Methods: Anti-cervical cancer efficacy of leonurine and leonurine combined with cisplatin was
examined in C33A and Ms751 cells. The cell counting kit-8 assay and bromodeoxyuridine assay
were applied for measuring cell proliferation. CompuSyn software was used to calculate the
combination index and assess the synergistic effect of leonurine and cisplatin on cell proliferation.
The cell cycle distribution and cell apoptosis were analyzed by flow cytometry. The expression of
cleaved caspase-3, poly ADP-ribose polymerase (PARP), B-cell lymphoma-2 associated X (BAX),
B-cell lymphoma-2 (BCL-2), P glycoprotein (P-Gp) protein and multiple drug resistance protein 1
(MRP1) was analyzed by Western blotting.

Results: Leonurine had time- and dose-dependent anti-proliferative effects on C33A and MS751
cells. Leonurine and cisplatin combination was more efficacious in inhibiting the growth of cervical
cancer cells than either of the two drugs. The combined application has shown that the cervical
cancer cells were arrested at G1 phase after treatments. Moreover, flow cytometry analysis indicated
that the combined treatment could cause more cell apoptosis than the single drug treatment.
Consistently, combined treatment elevated BAX/BCL-2 ratio, and the expression of BAX, PARP
and cleaved caspase-3 proteins. Mechanistic investigations uncovered that the tumor-inhibiting
effects of the co-treatment were mediated by repressing MDR, including MRP1 and P-Gp protein,
thereby enhancing the efficiency of cisplatin.

Conclusion: Leonurine and cisplatin have synergistic antitumorigenic effects on cervical
cancer. Combination with leonurine may serve as a novel strategy for enhancing cisplatin
sensitivity via the inhibition of the expression of MRP1 and P-Gp.
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Introduction

Cervical cancer is one of the main causes of cancer-related deaths in women worldwide,
which seriously threatens women'’s health. According to the World Health Organization,
there are approximately 570,000 new cases annually, and about 311,000 women’s deaths
from cervical cancer, 80% of which are in developing countries." In China, there are
approximately 106,430 new cases of cervical cancer being diagnosed in women annually,
of these around 47,739 will die.” The traditional treatment of cervical cancer is mainly
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surgery and radiotherapy, while chemotherapy is mainly uti-
lized to treat patients with metastasis and recurrence of cervical
cancer.” Cisplatin-based neoadjuvant chemotherapy and con-
current chemoradiotherapy (CCRT) have been used to treat
advanced cervical cancer, which has effectively improved the
quality of life and prognosis of these patients.*> However,
about 20% of patients have progressed to chemoresistance,
resulting in chemotherapy failure, tumor recurrence and worse
prognosis.® Therefore, searching for specific and sensitive
chemotherapeutic drugs for cervical cancer and further
improving the sensitivity of cisplatin are bound to be the new
focus in the field of cervical cancer chemotherapy.

Leonurus heterophyllus, also known as Motherwort, is
a fresh and dry aerial part of Leonurus.” With a long history,
it has been commonly used in traditional medicine in Asia,
America and Europe.” In China, it is generally used to treat
gynecological diseases, including dysmenorrhea, irregular
menstruation, amenorrhea and abnormal uterine bleeding.®’
The pharmacological effects of Leonurus heterophyllus are
closely related to the kinds of alkaloids, which include
Leonurine, Stachydrine, Leonurinine and Leonurdine.”
Leonurine is one of the main components of Leonurus
heterophyllus, and it is also considered to be one of the
primary effective components. A wealth of studies has
verified that leonurine is beneficial to many systemic dis-
eases of the human body, such as protecting cardiovascular,
antioxidant stress, and inhibiting inflammation of the ner-
vous system. '*!? In the research of malignant tumors, Mao
et al illustrated that leonurine could up-regulate the expres-
sion of phosphorylated p38 and down-regulate phosphory-
lated Akt expression through inhibiting mitochondrial
pathway, thus suppressing the proliferation and promoting
the lung cancer cell apoptosis.'® Sitarek et al analyzed that
the extract of Leonurus sibiricus transgenic roots could
induce in different grades of human glioma cell
apoptosis.'*'> These data unveiled the inhibitory role of
leonurine in cancer cells. However, the effect of leonurine
on chemosensitivity, thus far, has not been reported yet. In
this article, we first evaluated the effect of leonurine on
cisplatin chemosensitivity in cervical cancer cells and
explored the underlying molecular mechanism.

Materials and Methods
Cell Lines and Cell Cultures

Human cervical cancer C33A and MS751 cells derived
from the human epithelial cervix carcinoma were ori-
ginally purchased from the American Type Culture

Collection (ATCC, Rockville, MD, USA). The C33A
cells and the MS751 cells were cultured in the RPMI
1640 medium (Invitrogen, Carlsbad, USA) and
Dulbecco’s Modified Eagle Medium (DMEM, Gibco,
USA), respectively, containing with 10% fetal bovine
serum (Gibco, USA), 100U/mL penicillin and 100pg/
mL streptomycin in 5% CO, humidified incubator at
37°C.

Reagents and Antibodies

Leonurine was bought from MedChemExpress (Monmouth
Junction, NJ, USA). It was dissolved in Dimethyl Sulfoxide
(DMSO) and diluted with indicated medium to different con-
centrations (0, 200, 400, 800, 1200, 1600, 2000uM). Cisplatin
dissolved by phosphate buffer saline (PBS) was obtained from
Sigma (St. Louis, MO) and diluted to various concentrations
0, 3, 5, 10, 15uM) in the medium. Antibodies for PARP,
cleaved caspase-3, BAX, BCL-2, and BrdU were procured
from Cell Signaling Technology (Boston, MA, USA).
Antibodies for P-Gp and MRP1 were procured from Abcam
(Cambridge, Massachusetts, USA).

Cell Viability Assay: Cell Counting Kit-8
(CCK-8) Assay

Briefly, 5000 C33A cells/well or 3000 MS751 cells/well were
seeded in a 96-well plate at in quadruplicate and located in
a 5% CO, humidified incubator until they reached between
70% and 80% confluence. Cells were then treated with the
leonurine at the following concentration (0, 200, 400, 800,
1200, 1600, 2000uM) for 24 h and 48 h, respectively. For
cisplatin treatment, cells were treated with the increasing con-
centration of cisplatin (0, 3, 5, 10, 15uM) for 24 h and 48
h. Subsequently, cells were co-treated with the following con-
centrations of leonurine (200, 400, 800uM) and cisplatin (3, 5,
10, 15uM) for 48 h, respectively. Then, C33A cells were
incubated with 10 uL. CCK-8 solutions (Dojindo, Tokyo,
Japan) in a 5% CO, incubator of 37°C for 4 h, while MS751
cells were incubated for 2 h. Ultimately, the absorbance was
evaluated at 480 nm wavelength on a Microplate Reader (Bio
Tek Instruments, Winooski, VT, USA). Three independent
experiments were performed for the final analyses.

Drug Combination Index

A combination index (CI) values were obtained to analyze
the efficacy in inhibiting cell proliferation between leonur-
ine and cisplatin via using Compusyn software.'®!”

Synergism is described when the scale of CI is 0 ~ 1,
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while antagonism is determined when CI is more than 1.
The smaller the value, the stronger the synergy (CI value:
very strong synergism 0 ~ 0.1, strong synergism 0.1 ~ 0.3,
synergism 0.3 ~ 0.7, moderate synergism 0.7 ~ 0.85, slight
synergism 0.85 ~ 0.9, nearly additive 0.9 ~ 1.10, and
antagonism more than 1.10)."® According to the combina-
tion index, the ultimate co-treatment concentrations of
leonurine and cisplatin were determined. Hence, the cells
were further separated into four different groups: control
group (treatment with DMSO), leonurine group, cisplatin
group and co-treatment group (combined treatment with
leonurine and cisplatin). Cell proliferation after 48
h treatment was analyzed.

Cell Proliferation Assay:
Bromodeoxyuridine (BrdU) Assay

Cells were seeded in a 6-well plate with a grass slide at 2.5 x
10° cells/well (C33A) or 1.2 x 10° cells/well (MS751) and then
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placed in a 5% CO, incubator. After the cells were incubated
for 12 h and attached to plate, cells were treated with the
control group, leonurine group, cisplatin group and co-
treatment group for 48 h, respectively. Then a concentration
of 1 mg/mL BrdU solution was supplemented to cells for co-
cultivating 12 h before measuring the proliferating cells. The
concentrations of antibody were as follows: the primary anti-
BrdU (mouse monoclonal antibody: 1:200) and the second
antibody (IgG/Alexa fluor ® 594: 1:100). Finally, the nuclei
were stained with lpug/mL 4, 6-diamidino-2-phenylindole
(DAPI). The marked cells were detected and calculated by
a microscope (Olympus, Tokyo, Japan) in randomly selected
5 microscopic fields at 400 x magnification. Three independent
experiments were performed for each treatment condition.

Cell Cycle Analysis
Cells (control group, leonurine group, cisplatin group and
co-treatment group) were digested by trypsin with
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Figure | Leonurine and cisplatin inhibits the ratio of cell proliferation in cervical cancer cells. (A) C33A and MS751 cells were treated with the different concentrations of
leonurine (0, 200, 400, 800, 1600, 200011M) for 24 h and 48 h. (B) C33A and MS751 cells were treated with the various concentrations of cisplatin (0, 3, 5, 10, 15uM) for 24
h and 48 h. (C) C33A and (D) MS75I cells were combined treated with the various concentrations of leonurine (0, 200, 400, 800uM) and different concentrations of
cisplatin (0, 3, 5, 10, 15uM) for 48 h. The CCK8 assay was used to analyze the cell proliferation ratio. The cell viability rates of proliferation were represented by the bars in
each group. Data are expressed as means + SD deviation of three independent experiments. Compared with the OuM group, * P < 0.05, ** P <0.01, *** P < 0.001. Compared
with the same concentration of cisplatin group, #p< 0.05, ## p <0.0l, ### p < 0.001.
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Ethylenediaminetetraacetic Acid (EDTA) and centrifuged
at 1000 rpm for 5 min. Then, Cells were resuspended in
the precooled phosphate buffer saline (PBS) (adjust con-
centration of 1 x 10° cells/mL) and fixed in 2 mL cold
70% ethanol at 4°C for overnight. The next day, after
washing twice with PBS, cells were added with 500 pL
RNAase at a concentration of 20 pg/mL for 30 min.
Finally, it was incubated with a concentration of
50 pg/mL propidium iodide (PI) 500 pL at room tempera-
ture without light exposure for 30 min. Subsequently, cell
cycle analysis was completed by CytoFLEX flow cytome-
try purchased from Beckman Coulter (Brea, CA, USA).
The ModFit LT4.1 software was used to analyze the data

obtained from the flow cytometry.

Annexin V-FITC/PI Dual Staining

Cells were seeded in 60mm dishes (C33A: 6 x 10° or
MS751: 3 x 10°), cultured until 50-60% confluence and
then divided into the above four groups (control group,
leonurine group, cisplatin group and co-treatment group)
for 48 h treatment, respectively. Cells were then per-
formed to an Annexin V-FITC/PI dual staining kit pro-
cured from BD Biosciences. According to the
manufacturer’s protocol, cells were stained with 5 pL

of recombinant Annexin V-fluorescein isothiocyanate

Table 1 Combined Index Data on Combination Treatment of
Leonurine and Cisplatin

Concentration of Concentration of Cl
Leonurine (uM) Cisplatin (uM)

100 3 1.25
200 3 1.35
400 3 1.09
800 3 0.93
100 5 0.94
200 5 0.90
400 5 0.69
800 5 0.67
100 10 1.05
200 10 0.97
400 10 0.93
800 10 0.73
100 15 0.89
200 15 0.85
400 15 0.79
800 15 0.73

Notes: Cells were treated simultaneously with Leonurine and cisplatin, then placed
into a 5% CO, and 37°C humidified incubator for 48 h.
Abbreviation: Cl, combined index.

(FITC) and 10 uL of propidium iodide (PI) solution for
15 min at room temperature in the dark. The percentage
of apoptotic cells were measured using the CytoFLEX
flow cytometry (Beckman Coulter, Fullerton, CA, USA).
The percentage of cells with FITC+/PI- and FITC+/PI+
were determined as the early apoptosis and late apopto-
sis, respectively. The sum of them is considered to be
the final cell apoptosis ratio.

Western Blot Analysis

Cells in the above four different groups were directly
RIPA buffer
Biotechnology) containing protease and phosphatase
inhibitors (Calbiochem, Billerica, MA, USA), respec-
tively. The protein concentration of cell lysates was
quantified utilizing BCA™ Protein Assay Kit (Pierce,
Appleton, WI, USA). The total protein samples were

extracted from the lysis (Beyotime

electrophoresed by sodium dodecyl sulfate- polyacryla-
mide gel electrophoresis (SDS-PAGE) and then trans-
ferred onto a polyvinylidene fluoride (PVDF) transfer
membrane. Subsequently, the PVDF membranes were
blocked with 5% milk fat for 1 h. After incubating
with corresponding primary antibodies overnight at
4°C,
horseradish peroxidase-conjugated rabbit anti-mouse
IgG (1:4000, Biosharp) or goat anti-rabbit IgG second-
ary antibody (1:3000, Biosharp) for 1h at the room
temperature. The expression of protein was visualized
(ECL)
(Millipore, USA), meanwhile the internal parameters of

the PVDF membranes were co-cultured with

by enhanced chemiluminescence reagents
these bands were quantified using the Image J software
(Bethesda, MA, USA). The concentrations of primary
antibodies were as follows: anti-cleaved caspase-3
(1:500), anti-PARP (1:2000), anti-BAX (1:1000), anti-
BCL-2 (1:1000), anti-P-Gp (1:1000), anti-MRP1
(1:1000), and anti-B-Tubulin (1:4000). The experiments

were performed in triplicate.

Statistical Analysis

Data were statistically analyzed using the SPSS25.0 soft-
ware program (IBM Corporation, Armonk, NY, USA).
Results are expressed as mean + SD. Two-tailed
Student’s t-tests were used to compare two groups. One-
way ANOVA was used to compare multiple groups, fol-
lowing by least significant difference (LSD) method. The
figure generation was performed by Prism 6.0 (Graph Pad
software) (Inc., La Jolla, CA, USA). Two-tailed P < 0.05
was considered as statistically significant.
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Results
Leonurine Increases the Antiproliferative

Effect of Cisplatin in Cervical Cancer Cells
To explore the biological function of Leonurine, CCK-8
assay was used to estimate the effect of leonurine on the
viability of C33A and MS751 cells. Compared to the control
group, leonurine inhibited the C33A and MS751 cell viabi-
lity in dose- and time-dependent manners, respectively
(Figure 1A). Furthermore, cisplatin noticeably suppressed
the cellular viability, suggesting the antiproliferative effects
of cisplatin on cervical cancer cells (Figure 1B). The half
maximum inhibitory concentration (IC50) of cisplatin was
7.8umol/l for C33A cells and 9.3umol/l for MS751 cells for
48 h (Figure 1B). Subsequently, in the presence of cisplatin,
application of leonurine could further increase the cellular
damage as illustrated by decreasing cell viability after 48
h (Figure 1C and D). Moreover, compared with the SuM
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cisplatin group, 5 uM cisplatin plus 400 pM leonurine or plus
800 uM leonurine had the obviously synergistic antiproli-
ferative function in cervical cancer cells (CI, 0.69, 0.67,
respectively). According to the combination index, SpM
cisplatin and 800uM leonurine were determined as the con-
centration of the combination therapy (CI =0.67) (Table 1).

To further acquaint the effect of 48 h co-treatment on
cell proliferation, the BrdU assay was used next. After
comparing with the control group, leonurine group, cispla-
tin group, and co-treatment group could dramatically
repress cervical cancer cell proliferation, respectively
(Figure 2). Moreover, compared with cisplatin group, the
proliferation of C33A and MS751 cells in the co-treatment
group was lower. These results revealed that leonurine not
only repressed cervical cancer cell proliferation, but also
promoted the inhibition of cisplatin on the cell
proliferation.

DAPI BrdU Merge

Control

Leonurine Cisplatin Co-treatment

Figure 2 The effects of leonurine combined with cisplatin on the cell proliferation in cervical cancer cells. C33A (A) and MS75! (B) cells were treated with control
(treatment with DMSO), leonurine (800uM), cisplatin (51tM), or the co-treatment of leonurine (800uM) and cisplatin (51M). The ratios of cell proliferation were assessed by
BrdU assay. The bars represent the ratios of cell proliferation in each group. Data of C33A (C) and MS751 (D) are expressed as means + SD deviation of three independent
experiments. * P < 0.05, ** P <0.01, *** P < 0.001. DAPI: 4, 6-diamidino-2-phenylindole.

Abbreviation: BrdU, bromodeoxyuridine.
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Figure 3 The effects of leonurine combined with cisplatin on the cell cyclin in cervical cancer cells. C33A and MS751 cells were treated with control (treatment with
DMSO), leonurine (800uM), cisplatin (51M), or the co-treatment of leonurine (800uM) and cisplatin (5uM). Cell cycle analysis of (A) C33A and (B) MS75I cells was
detected by flow cytometry. The representative images were presented after performing three independent experiments. The data of (C) C33A and (D) MS751 cells are
presented as cell frequency percentages at G| and S phase. Data are expressed as means + SD from experiments in triplicates. ** P <0.01, *** P < 0.001. PI: propidium
iodide. G| phase: Gap | phase, the cell grows in size and synthesizes mMRNA and proteins that are required for DNA synthesis. G2 phase: Gap 2 phase, cell is rapid growth
and synthesizes proteins and prepares for mitosis. S phase: synthesis phase, DNA is replicated, occurring between G| phase and G2 phase.

Leonurine Enhances the Inhibited Effect
of Cisplatin on the Cell Cycle of Cervical

Cancer

To further investigate whether co-treatment affects the
cell cycle, flow cytometry was performed. Compared
with either of the two single drug groups, the co-
treatment group significantly elevated the frequency
of above both cell lines at the Gl phase of cell cycle,
but decreased the S phase. It revealed that leonurine
could enhance the antiproliferative effect of cisplatin,
which inhibited cervical cancer cell proliferation partly
by inducing cell at the Gl
(Figure 3).

cycle arrest phase

Leonurine Promotes the Apoptosis Effect
of Cisplatin on Cervical Cancer Cells

To observe the role of leonurine on cisplatin-mediated
cell apoptosis, the flow cytometry based Annexin-V/PI
double staining analysis was utilized. Compared to the

control group, leonurine increased the apoptosis in both
C33A and MS751 cells (Figure 4). Furthermore, co-
treatment with cisplatin and leonurine could further aug-
ment the percentage of cell apoptosis compared to the
cisplatin group (Figure 4). These results suggested that
leonurine was not only induced cell apoptosis but also
promoted the apoptosis effect of cisplatin on cervical
cancer cells.

To further confirm whether leonurine improves the
apoptosis effect of cisplatin, the expression of quite
a lot apoptosis related proteins were detected after differ-
ent treatments. Compared with the cisplatin group, it is
verified that the co - treatment group significantly
induced the expression of cleaved caspase-3 and PARP
proteins in both C33A and MS751 cells (Figure 5).
Although no significant difference was found in the
BCL-2 protein expression between the cisplatin group
and co-treatment group, there was a markedly higher
expression of BAX protein and the BAX/BCL-2 ratio in
co-treatment group (Figure 5).
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Figure 4 The effects of leonurine combined with cisplatin on the cell apoptosis in cervical cancer cells. C33A (A) and MS751 (B) cells were treated with control (treatment
with DMSO), leonurine (800uM), cisplatin (51M), or the co-treatment of leonurine (800uM) and cisplatin (5uM). The percentages of apoptosis were assessed by flow
cytometry. The bars denoted the percentages of apoptosis in each group. Data of (C) C33A and (D) MS75I cells are expressed as means * SD from experiments in

triplicates. * P < 0.05, ** P < 0.01, *** P < 0.001.
Abbreviations: Pl, propidium iodide; FITC, fluorescein isothiocyanate.

Leonurine Significantly Reduces the
Drug-Resistant Proteins in Cervical

Cancer Cells

To further demonstrate the role of leonurine on cisplatin
chemosensitivity, Western blotting was utilized to measure
the MDR related protein, including P-Gp and MRPI.
Compared with the cisplatin group, the expression of drug-
resistant proteins P-Gp and MRP1 was downregulated in
the co-treatment group both in C33A and MS751 cell
(Figure 6). It may predict that leonurine improves the
cisplatin chemosensitivity through declining the expres-
sion of certain drug-resistant proteins.

Discussion

Cisplatin, a small-molecule platinum compound, is initi-
ally discovered to inhibit bacterial growth.'® Subsequently,
it is identified as a chemotherapeutic agent, severing as to

most effectually treat advanced or recurrent cervical
cancer.?’ Specifically, increasing evidence has implicated
that targeting mitochondria, inducing DNA damage and
later resulting in apoptosis of cells are the primary effect
of cisplatin-mediated cervical cancer chemotherapy.®?!
However, increasing intrinsic and/or acquired resistance
to cisplatin-based chemotherapy has become the challenge
in the treatment of many cancer patients.”” The underlying
molecular mechanisms of cisplatin resistance are complex,
including decreased intracellular drug concentration and
activity, enhanced DNA damage repair, inactivated the
apoptosis, activated the epithelial mesenchymal transition
(EMT) and cancer stem cells characteristics, and so on.°
Especially, emerging evidence has also demonstrated that
chemotherapy and/or radiotherapy can induce the forma-
tion of MDR in malignant tumors.>>*° Hence, cisplatin
resistance may develop, reducing the efficiency of cispla-
tin chemotherapy. Additionally, increased expression of
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Figure 5 The effects of leonurine combined with cisplatin on the cell apoptotic-related protein caspase-3, cleaved caspase-3, PARP, BAX and BCL-2 in cervical cancer cells. C33A (A) and
MS751 (B) cells were treated with control (treatment with DMSO), leonurine (800pM), cisplatin (51tM), or the co-treatment of leonurine (8001M) and cisplatin (51tM). The expression of
caspase-3, cleaved caspase-3, PARP, BAX and BCL-2 in C33A and MS75I cells was detected by Western blotting. The relative expression level of above apoptotic-related proteins
normalized to B-tubulin protein in (C) C33A and (D) MS751 cells was determined. Data are expressed as means * SD from experiments in triplicates. * P < 0.05,** P < 0.01, ** P < 0.001.
Abbreviations: PARP, poly ADP-ribose polymerase; BAX, B-cell lymphoma-2 associated X; BCL-2, B-cell lymphoma-2.

drug-resistant proteins, elevated drug outflow and
decreased intracellular drug concentration are contributed
to the chemoresistance.?®*” These factors ultimately lead
to an elevated cellular survival rate.

It has been revealed that leonurine suppressed cell
proliferation and promoted cell apoptosis in lung cancer
cells by inhibiting mitochondrial pathway.'? Considering
that mitochondrion is also the main target of the cispla-
tin-based chemotherapy, we hypothesized that leonurine
could improve the vulnerability of cervical cancer cells
to cisplatin by inducing apoptosis. Consistent with this
hypothesis, our results showed that leonurine did not
only particularly inhibit the cervical cancer cell viability
in dose- and time-dependent manner, but also increased
the antiproliferative effect of cisplatin in cervical cancer
cells. In this

study, cisplatin plus leonurine had

a synergistic antiproliferative function in cervical cancer
cells. Furthermore, leonurine combined with cisplatin
could further increase cell cycle arrest at G1 phase,
but having opposite effects of S phase, which played
an anti-tumor role through regulation of cell cycle
arrest.

In our study, compared with both single groups, co-
treatment could significantly induce cervical cancer cell
apoptosis. The above results were further established by
analysis of cleaved caspase-3 apoptosis protein using
Western blot. It suggested that the synergistic effect of
leonurine on cisplatin may be related to its promotion of
poly  ADP-ribose
(PARP), a multifunctional post-translational protein mod-

apoptosis. Likewise, polymerase
ifying enzyme, exists in most eukaryotic cells.”® It is

activated by recognizing DNA fragments with damaged

submit your manuscript

1892

Dove

Drug Design, Development and Therapy 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Lin et al

A Control Leonurine Cisplatin Co-treatment
Poo N - -
() .
MRP1 A
TubUin e G- - —
Fedkk P~
10 . 1.5 -
o *% a
Q |4
a = 10
S o
3508 35
33 38 o5
g E_ g o 8
3 s
g 0 e 0

\ ot g et
Co‘\“?_eot\“‘ \ *\:;:t“ga“‘\

v ane Y
°°““t°°““‘\c,\*\ac::\.u°°““°

B Control Leonurine Cisplatin Co-treatment
MRP1 o ﬁm "
TR e — e— e—
Fekk 0.15
1 * sk
o -y
Q < *
< 10 uka = o010
3. 2=
2 g2
2505 22
g o & 0.05
¥ 2
= =
s 0 2 0
-4 1 Ny o N
\ ne o o \ 0 g 0\
°°““‘\J_°°““"(;\s9\:;“::‘-“°°““e °°““€-°°“u‘\c.‘\99\g:‘.u°‘““e

Figure 6 The effects of leonurine combined with cisplatin on the MDR-related protein P-Gp and MRP1 in cervical cancer cells. (A) C33A and (B) MS751 cells were treated with leonurine
(800uM), cisplatin (5ptM), or the co-treatment of leonurine (800uM) and cisplatin (5uM). The relative expression level of P-Gp and MRPI proteins normalized to B-tubulin protein was
determined in (C) C33A and (D) MS751 cells by Western blotting. Data are expressed as means * SD from experiments in triplicates. * P < 0.05, ** P < 0.01 *** P < 0.001.
Abbreviations: MDR, multidrug resistance; P-Gp, P glycoprotein, MRPI, multiple drug resistance protein .

structure and is considered as DNA damage receptor.”’
Wu et al identified that PARP inhibitor induces leukemia
cell apoptosis via DNA damage and reverses leukemia cell
adriamycin resistance.>® Our data have shown that com-
bined therapy with leonurine and cisplatin elevated the
PARP protein expression and accelerated the DNA
damage. BAX protein, an apoptotic protein, is proven to
enhance the mitochondrial membrane permeability in vitro
and induce the release of cytochrome.®' The role of BAX
in apoptosis can be neutralized by BCL-2. In our data, it
was found that combined therapy resulted in an obvious
increase the Bax protein and the ratio of BAX/BCL-2 in
cervical cancer cell lines, suggesting that leonurine mainly
affects cervical cancer cell apoptosis through repressing
the mitochondria of cervical cancer cells through modify-
ing the expression of Bax but not BCL-2.

It has been validated that intrinsic or acquired multi-
drug resistance (MDR) is one of the major roots of cancer
Multidrug
a phenomenon that cancer cells exert cross-resistance to

chemotherapy  failure. resistance  is
various functional and structural unconcerned with their
chemotherapeutic drugs after exposure to certain che-
motherapeutic drugs.*> The mechanism of multidrug
resistance in tumors is very extensive. P-glycoprotein
(P-Gp), a product of MDR, is one of the earliest and
most significant pathways of multidrug resistance.>® It

is a member of ATP-binding cassette transporters and

has ATP-dependent drug efflux pump function which
could pump drugs out of cell membrane and reduce
intracellular drug concentration, leading to MDR.**
Accumulated evidence has identified that declining the
expression of P-Gp may sever as increasing chemosensi-
tivity in tumor cells.*>>*° Multidrug resistance-associated
protein 1 (MRP1), another ATP-binding cassette trans-
porter protein, is associated with MDR in cancer.’’ As
a membrane transporter, MRP1 could exclude cytotoxic
drugs directly in many cells by transport, causing drugs
not binding to target sites.>® One elegant research has
validated that natural products, such as Alkaloids,
Flavonoids, Paeonol, and Quercetin, play positive effects
on tumor treatment, including reducing chemotherapy
and radiotherapy side effects, and reversing multidrug
resistance, as well as improving prognosis.”> Our data
unveiled that co-treatment with leonurine and cisplatin
could strikingly reduce the expression of MRP1 and
P-Gp, which indicates that leonurine could reduce ATP-
binding cassette transporters protein expression, enhance
the intracellular cisplatin concentration and inverse the
MDR. Nevertheless, the underlying pathway of the
reverse MDR process is still indistinct and needs to be
sightseen in further researches. Furthermore, whether
leonurine has similar sensitization effects on other kinds
of chemotherapeutic drugs, such as paclitaxel, deserves
further evaluation.
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Conclusion

Conclusively, our research revealed that leonurine signifi-
cantly promotes cisplatin sensitivity in cervical cancer
cells via repressing cell proliferation, improving intrinsic
cell apoptosis and inhibiting the expression of P-Gp and
MRP1 protein, which has potential therapeutic value in
cervical cancer treatment. Correspondingly, the sighting of
leonurine in the treatment of cervical cancer provides
a novel clue that develops the anti-cancer reagents derived
from natural herbal products, and also provides the possi-
bility for the inhibitor of multidrug resistance in the future.
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