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Muscarinic Receptors

as Targets for Metronomic Therapy in Ovarian Cancer

Yumurtalik Kanserinde Metronomik Tedavi Hedefi Olarak Muskarinik Reseptorler
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ABSTRACT

Aim: In this study, the effects of muscarinic acetylcholine receptor (mAChR) agonist
carbachol on the proliferation of cisplatin-resistant (A2780cis) and cisplatin-free (SKOV-3)
ovarian cancer cell line were for the first time investigated to further evaluate the potential
therapeutic effect of metronomic chemotherapy.

Material and Methods: The inhibitory effect of carbachol on cell proliferation was detected
using the xXCELLigence Real-Time Cell Analyzer (RTCA) dual plate (DP) system. A
preliminary study was conducted to determine the dose of carbachol 100 uM, cisplatin 1 uM,
and two combination studies were carried out with 100 uM carbachol + cisplatin 1 uM and
100 uM carbachol + 10 pM atropine, over cancer cells without drugs was used as the control
group. The cell proliferation curve was monitored for 96 hours. The cell index value of
inhibition in cell proliferation was automatically measured every hour for each well using
RTCA 1.2.1 software.

Results: Co-administration of carbachol with cisplatin caused a decrease in cell number in
both A2780cis and SKOV-3 cell lines in a time-dependent manner (p<0.001). Substantial cell
death was observed in both cisplatin-resistant (A2780cis) and cisplatin-free (SKOV-3) cell
lines within 24 hours after carbachol with cisplatin application and this continued at the 96™
hour.

Conclusion: The findings of this study confirm the notion that mAChRs can be considered as
therapeutic targets for metronomic therapy in ovarian cancer, as well as the usefulness of a
muscarinic agonist as a repositioning drug in the treatment of such tumors.

Keywords: Ovarian cancer; mAChR; carbachol; SKOV-3; A2780cis; cisplatin.
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Amac¢: Bu caligmada, muskarinik asetilkolin reseptoric (MAChR) agonisti karbakolun,
sisplatine direncli (A2780cis) ve sisplatine direngsiz (SKOV-3) yumurtalik kanseri hiicre
hatlarinin proliferasyonu tizerindeki etkileri, metronomik kemoterapinin potansiyel terapotik
etkisini daha ileri diizeyde degerlendirmek tizere ilk kez arastirildi.

Gere¢ ve Yontemler: Karbakoliin hiicre proliferasyonu iizerindeki inhibitor etkisi,
XCELLigence Real-Time Cell Analyzer (RTCA) dual plate (DP) sistemi kullanilarak tespit
edildi. 100 uM karbakol ve 1 pM sisplatin dozunu belirlemek i¢in bir 6n ¢aligma yapildi ve
100 uM karbakol + 1 pM sisplatin ve 100 pM karbakol + 10 uM atropin olmak iizere iki
kombinasyon g¢aligmasi yapildi, ilagsiz yumurtalik kanser hiicreleri ise kontrol grubu olarak
kullanildi. Hiicre proliferasyon egrisi 96 saat izlendi. Hiicre proliferasyonundaki inhibisyonun
hiicre indeksi degeri, RTCA 1.2.1 yazilimu ile her kuyu i¢in her saat otomatik olarak dl¢iildii.
Bulgular: Karbakolun sisplatin ile birlikte uygulanmasi hem A2780cis hem de SKOV-3 hiicre
hatlarinda zamana bagl olarak hiicre sayisinda azalmaya neden olmustur (p<0.001). Sisplatin
ile karbakol uygulamasindan sonraki 24 saat iginde sisplatine direngli (A2780cis) ve sisplatine
direngsiz (SKOV-3) her iki hiicre hattinda da 6nemli diizeyde hiicre 6liimii gozlenmis ve bu
durum 96. saatte de devam etmistir (p<0.001).

Sonug: Bu ¢alismanin bulgulari, mAChR'lerin yumurtalik kanserinde metronomik tedavi igin
terap6tik hedefler olarak kabul edilebilecegi fikrini ve ayrica bu tiir timoérlerin tedavisinde bir
muskarinik agonistin bir yeniden konumlandirma ilaci olarak kullanigliligin1 dogrulamaktadir.
Anahtar kelimeler: Yumurtalik kanseri; mAChR; karbakol; SKOV-3; A2780cis; sisplatin.
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INTRODUCTION

G protein-coupled receptors (GPCRs) are involved in
tumorigenesis, including abnormal cell growth, increased
cell viability, angiogenesis, and metastasis (1). These
receptors control basic physiological functions such as
neurotransmission, enzyme and hormone release, immune
reactions, muscle contraction, and blood pressure
regulation (2). Functional differences in these receptors
cause some diseases including cancer and therefore,
GPCRs are the target of therapeutic agents used for many
diseases.

Three muscarinic receptor subtypes (M1R, M3R, and
M5R) that stimulate cellular signaling when expressed in
proliferating cells are conditional oncogenes (3).
Carbachol is a cholinomimetic drug that binds and activates
acetylcholine receptors, and therefore it is classified as a
cholinergic agonist. Some studies have shown that the
cholinergic agonist carbachol induces cancer cell
proliferation (4,5). Activation of muscarinic acetylcholine
receptors (MAChRSs) by the agonist carbachol has been
reported to cause two opposite types of responses in breast
tumor cells: short-term stimulation promotes tumor
progression, while long-term treatment induces cancer cell
death without affecting normal cells lacking mAChRs (4).
The latter effect was thought to be an unfulfilled goal of
conventional chemotherapy, consisting of systemic
delivery of the highest effective and tolerable dose to kill
as many of the tumor cells as possible. It also produces
undesirable effects on the normal tissues of cancer patients
and requires chemotherapy to be administered at relatively
free and long intervals between doses to allow normal cells
to heal. Therefore, the application of metronomic therapy
has come to the fore to improve the treatment of cancer
patients. Metronomic therapy relies on the administration
of low doses of a chemotherapeutic drug, alone or in
combination with other drugs, at short inter-dose intervals
to provide both effective treatment and reduce side effects.
Long-term treatment of breast cancer cells with the
muscarinic agonist carbachol promotes cell death, it was
investigated whether low doses of this agonist combined
with paclitaxel (PX) used in the treatment of breast cancer
inhibit disease progression in human MCF-7 tumor cells
and PX plus carbachol has been shown to reduce cell
viability and tumor growth in vitro (6). The results of this
study confirm that mAChRs can be considered as
therapeutic targets for metronomic therapy in breast cancer
and that a muscarinic agonist would also be useful in the
treatment of such tumors.

Gynecological cancers are among the important health
problems in terms of mortality and morbidity in all
women (7). Ovarian cancer is the seventh most common
cancer in women and the most lethal gynecological
cancer (8). It is the seventh most common cancer among
women and the eighth leading cause of cancer-related
death. The typical age of diagnosis with ovarian cancer is
60, and the average lifetime risk for women is about 1 in
70. Studies have shown that GPCRs are involved in the
progression and metastasis of ovarian neoplasms. The
presence of mMAChRs has been detected in different types
of tumor cells, including ovarian cancer, and they are
associated with tumorigenesis (9,10).

In a single study that was identified in the literature, the
effects of carbachol and histamine on changes in
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cytosolic-free calcium and cell proliferation have been
characterized in human ovarian cancer (OVCAR-3) and
non-tumorigenic Chinese hamster ovarian (CHO) cells.
Both carbachol and histamine-induced cell proliferation in
OVCAR-3 cells but did not affect CHO cells (11). It was
observed that the effects of carbachol and histamine on cell
proliferation and Ca?* increase on OVCAR-3 cells were
completely blocked by atropine and the selective H-1
histaminergic receptor antagonist pyrilamine, respectively.
In this study, it was planned to investigate whether the
muscarinic receptor agonist carbachol combined with PX
used for cancer treatment inhibits the progression of the
disease in tumor cells of cisplatin-resistant (A2780cis) and
cisplatin-free (SKOV-3) ovarian cancer cell lines.

MATERIAL AND METHODS

Cell Culture

Cell culture A2780 was obtained from the European
Collection of Authenticated Cell Cultures, (93112519) and
SKOV-3 over cancer cells was obtained from the
American Type Culture Collection (ATCC® HTB-77™,
Manassas, VA, USA). These cells were cultured in RPMI
medium (Catalog number: 11875093, Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum, penicillin/streptomycin, and
amphotericin-B 1%. Cell culture was performed at 37 °C
in a 5% CO; incubator. In a study aiming to evaluate the
potential association of M3 muscarinic receptors with
proliferation and cell death in the human chronic
myelogenous leukemia K562 cell line, it was determined
that 100 uM carbachol application caused a decrease in
cell number (5). Exposure of K562 cells to carbachol for
24 hours reduced the number of early apoptotic cells but
had no change in the number of necrotic cells. 100 uM
carbachol treatment for 48 hours increased the number of
necrotic cells and decreased the number of apoptotic cells.
Taking the results of this study as a reference, the
carbachol 100 uM (CCh group), cisplatin 1 uM (Cis group),
100 uM carbachol + cisplatin 1 uM (CCh+Cis group), and
100 uM carbachol + 10 uM atropine (CCh+Atr group)
combinations were carried out, over cancer cells without
drug was the control group. Cancer cells were incubated
with carbachol, atropine, and cisplatin for 96 hours.
XCELLigence Real-Time Cell Analysis

The xCELLigence Real-Time Cell Analyzer (RTCA) dual
plate (DP) system (Roche Diagnostics GmbH, Penzberg)
was used for real-time monitoring of cell viability without
labeling on the cells. 3x108 cells were seeded in each well
of the E-plate and the cell proliferation curve was
monitored for 24 hours after that carbachol, atropine,
cisplatin, and their combinations were added to the E-plate
systems and they were monitored in real-time for 96 hours.
The cell index (Cl) value was automatically measured
every hour for each well with RTCA 1.2.1 software.
Statistical Analysis

All statistical analyses were performed using the SPSS
software v.21. The assumptions of normality were tested
by the Shapiro-Wilk test. The homogeneity of variances
with normal distribution was tested by the Levene test.
Homogeneous data were analyzed with the ANOVA test
for comparisons between groups, and non-homogeneous
data were analyzed with the Welch test. The Bonferroni
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post hoc test was used for comparisons between subgroups
of homogeneous data, while the Dunnett T3 test was used
in non-homogeneous data. The data were expressed as
meanztstandard deviation, and the p value of <0.05 was
defined as statistically significant.

RESULTS

The effect of the non-selective muscarinic agonist
carbachol (100 pM) added to cisplatin-resistant (A2780cis)
and cisplatin-free (SKOV-3) ovarian cancer cells on cell
proliferation were examined in this study. The time period
in which it showed the best effect was determined by
comparing the groups at 0, 24, 48, 72, and 96 hours.
Results for Cisplatin-Resistant (A2780cis) Cell Line
Comparison of the cell proliferation between the groups
for the cisplatin-resistant (A2780cis) cell line at 0, 24, 48,
72, and 96 hours were shown in Table 1 and Figure 1. Any
statistically significant difference was not seen when the
cell index values taken at the 0™ hour were compared
between the groups (p=0.165). At the 24™ hour, it was
observed that the control and CCh groups decreased
significantly compared to the Cis group (p<0.001). At 48"
and 72" hours, the groups administered only carbachol
were statistically significantly reduced compared to the
group administered only cisplatin (p<0.001). At the 24™,
48™ and 72" hours, a statistically significant decrease was
detected in the CCh+Cis group compared to the control,
CCh, and Cis groups (p<0.001). Additionally, when the
CCh+Atr group was compared with the Cis and CCh+Cis
groups, there was a significant increase in the Cis group,
while a statistically significant decrease was detected in
the CCh+Cis group (p<0.001). At the 96" hour, there was
a statistically significant decrease in the CCh+Cis group
compared to the control, CCh, and Cis groups (p=0.009).
Results for Cisplatin-Free (SKOV-3) Cell Line
Comparison of the cell proliferation between the groups
for the cisplatin-free (SKOV-3) cell line at 0, 24, 48, 72,
and 96 hours were shown in Table 2 and Figure 2. Any
statistically significant difference was not seen when the
cell index values taken at the O™ hour were compared
between the groups (p=0.329). At the 24™ hour, when the
control group was compared with the group administered
only with carbachol, a significant decrease in cell viability
was detected in the CCh group (p<0.001). In addition,
when the control and CCh groups were compared with the
Cis group, a statistically significant decrease was found in
the control and CCh groups (p<0.001). When the CCh+Cis
group was compared with the CCh group, a statistically
significant decrease was observed in the CCh group, while
there was a significant increase in the Cis group (p<0.001).
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When the CCh+Atr group was compared with the CCh
group, a statistically significant decrease was observed in
the CCh and CCh+Cis groups, and a significant increase
was found in the Cis group (p<0.001). At the 48" hour,
when the control group was compared with the group
administered only with carbachol, a significant decrease in
cell viability was detected in the CCh group (p<0.001). In
addition, when the control and CCh groups were compared
with the Cis group, there was a statistically significant
decrease in the control and CCh groups (p<0.001). When
the CCh+Cis group was compared with the group
administered only cisplatin, a significant decrease in cell
viability was detected in the CCh+Cis group (p<0.001).
When the CCh+Atr group was compared with the control
and only cisplatin-administered groups, it was observed
that there was a statistically significant decrease in the
CCh+Atr group (p<0.001). At the 72" hour, when the
groups administered only carbachol and only cisplatin
were compared, a significant decrease was detected in the
CCh group (p<0.001). When the CCh+Cis group was
compared with the control, only carbachol and only
cisplatin applied groups, a statistically significant decrease
was observed in the CCh+Cis group (p<0.001). When the
CCh+Atr group was compared with the Cis and CCh+Cis
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Figure 1. The effect of the cisplatin and carbachol on

cisplatin-resistant (A2780cis) ovarian cell proliferation
CCh: carbachol applied group, Cis: cisplatin applied group, CCH+Cis: carbachol
and cisplatin applied group, CCh+Atr: carbachol and atropine applied group,
superscript letters denote significant differences of the group when compared with
the 2: control group, ®: CCh group, ¢: Cis group, and ¢: CCh+Cis groups (p<0.001)

Table 1. Carbachol and cisplatin effects on cisplatin-resistant (A2780cis) ovarian cancer cell proliferation

Control CCh Cis CCh+Cis CCh+Atr p
HO 0.0013£0.0001 0.0017+0.0003 0.0020£0.0002 0.0015%0.0001 0.0018+0.0003 0.165
H24 0.0448+0.0022 0.0367+0.0014 0.0559+0.004 12 0.0261+0.00182 0.044540.0032¢¢ <0.001
H48 0.0632+0.0039 0.0548+0.0031 0.074740.0030° 0.026740.00242b¢ 0.0570£0.0074¢ <0.001
H72 0.0820+0.0048 0.0663%0.0073 0.0996+0.0087° 0.027540.00442b¢ 0.071740.0088¢¢ <0.001
H96 0.0833+0.0039 0.0691£0.0215 0.0821£0.0046 0.026140.01182 0.0596+0.0034 0.009

CCh: carbachol applied group, Cis: cisplatin applied group, CCH+Cis: carbachol and cisplatin applied group, CCh+Atr: carbachol and atropine applied group, superscript letters
denote significant differences of the group when compared with the 2: control group (p<0.001), ®: CCh group (p<0.001), & Cis group (p<0.001), ¢: CCh+Cis group (p<0.001)
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Table 2. Carbachol and cisplatin effects on cisplatin-free (SKOV-3) ovarian cancer cell proliferation

Control CCh Cis CCh+Cis CCh+Atr p
HO 0.0057+0.0002 0.0051%0.0003 0.0052+0.0004 0.0058+0.0005 0.0061£0.0004 0.329
H24 0.0390+0.0092 0.0116+0.0040? 0.0779+0.0039: 0.0336+0.0026 0.0547+0.0073%¢  <0.001
H48 0.0551%0.0071 0.0394+0.0037* 0.0863+0.00452® 0.0469+0.0038° 0.0324+0.0042% <0.001
H72 0.0740+0.0073 0.0606+0.0031 0.0849+0.0039° 0.023610.00342b 0.061740.0030¢¢ <0.001
H96 0.0846+0.0077 0.0774£0.0071 0.0752£0.0025 0.0158+0.00332 0.0888+0.0038¢ <0.001

CCh: carbachol applied group, Cis: cisplatin applied group, CCH+Cis: carbachol and cisplatin applied group, CCh+Atr: carbachol and atropine applied group, superscript letters
denote significant differences of the group when compared with the 2: control group (p<0.001), ®: CCh group (p<0.001), & Cis group (p<0.001), ¢: CCh+Cis group (p<0.001)

groups, there was a significant increase in the Cis group,
while a statistically significant decrease was detected in
the CCh+Cis group (p<0.001). At the 96" hour, when the
CCh+Cis group was compared with the control, only
carbachol applied and only cisplatin applied groups, a
statistically significant decrease was determined in the
CCh+Cis group (p<0.001). When the CCh+Atr group was
compared with the CCh+Cis group, a significant decrease
was observed in the CCh+Cis group (p<0.001).

Icontol

0,127 Icch
— Cis
c CChsCis
9 0,10-| CCheatr ab b d
= ab
= 0,08
-E bed cd
— 0,06 c 1
:I<) a
C 0,04 be % ¥
E abc
—_ a abc
Q@ 0,02
O %

0,00 |

T T I
HO H24 H48 H72 H96

Figure 2. The effect of cisplatin and carbachol on

cisplatin-free (SKOV-3) ovarian cell proliferation

CCh: carbachol applied group, Cis: cisplatin applied group, CCH+Cis: carbachol
and cisplatin applied group, CCh+Atr: carbachol and atropine applied group,
superscript letters denote significant differences of the group when compared with
the 2: control group, ®: CCh group, ©: Cis group, and %: CCh+Cis groups (p<0.001)

DISCUSSION

The term metronomic chemotherapy (MT) first used by
Hanahan et al. (12), is the chronic administration of
chemotherapy at low, minimal doses on a continuous
schedule of administration (13). As ovarian cancer remains
the most common cause of death from a gynecological
malignancy, it is necessary to find better treatment
strategies than traditional dosing of chemotherapy to cure
this deadly disease. The traditional chemotherapy program
requires episodic administration of a cytotoxic drug at the
maximum tolerated doses (MTD) which targets tumor
cells followed by periods of rest to allow non-cancer
tissues to recover (14). However, these cytotoxic drugs

Duzce Med J, 2023;25(3)

also damage normal cells, especially in MTD (15). It has
been reported that the success of chemotherapy may
depend on the development of approaches for metronomic
planning in order to minimize MTD toxicity and improve
its anti-tumor effect (16). One of the main challenges in
the treatment of ovarian cancer is the development of drug
resistance. Metronomic chemotherapy also prevents the
development of drug resistance as it reduces the extent of
drug-free periods.

For the development of the MT strategy, some drugs were
tested, especially those with an oral formulation. The
common point of the studies conducted is that MT
applications have promising results for ovarian cancer
therapy. Nevertheless, the identification of the optimal
dosage has yet to be established. Using an optimal
metronomic dose of metronomic docetaxel has been
shown to be effective in inhibiting tumor growth and
prolonging survival using an ovarian cancer model (14). In
addition, it has been reported that oral topotecan may be
an ideal agent to be considered for clinical MT trial in
ovarian cancer (17). In another study, pazopanib therapy
in combination with metronomic topotecan therapy
showed significant antitumor effects in preclinical ovarian
cancer models (18). When the studies are reviewed, it is
suggested that MT is a treatment option for ovarian cancer
patients.

Muscarinic receptor agonists such as carbachol stimulate
cell proliferation, survival, migration, and invasion, as
shown by in vitro studies using human ovarian cancer
cells. There is previous evidence suggesting that
muscarinic receptors can regulate cell proliferation
depending on the growth context of the cell. It has
previously been reported that mAChRs are involved in
ovarian cancer progression (9). mAChRs belong to the
GPCR family which constitutes the largest family of cell
surface receptors involved in signal transduction. The
effects of carbachol and histamine on cytosolic-free
calcium and changes in cell proliferation were
characterized in OVCAR-3 cells and non-tumorigenic
CHO cells (11).

No studies have yet been conducted on the effects of CCh
in metronomic therapy applications for ovarian cancer. In
a study evaluating cell proliferation has been reported that
the cholinergic agonist carbachol inhibits the proliferation
of human chronic myelogenous leukemia K562 cells,
especially at the 48" hour after administration (5). A study
investigating metronomic treatment approaches in breast
cancer demonstrated that low doses of therapy combining
PX with carbachol could be a useful strategy to treat triple
negative (TN) breast tumors (19). To inhibit the action of
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carbachol, cells also were treated with atropine at 10° M
and this inhibitory effect was prevented in the presence of
atropine.

In this study, it was investigated the action of a combination
of low doses of the muscarinic agonist carbachol plus
cisplatin, a chemotherapeutic agent frequently used in
ovarian cancer treatment, in terms of effectiveness.
Substantial cell death was observed in A2780cis and
SKOV-3 cells within 24 h after carbachol application and
this continued at 96" hour. It was observed that carbachol
application caused a significant decrease in cell number at
the 24" hour compared to cisplatin in cisplatin-free and
cisplatin-resistant cell lines. As a result of atropine
application, while carbachol decreased cell proliferation
both alone and together with cisplatin, only cisplatin itself
showed the opposite activity in the cisplatin-free cell line.
The effect of carbachol on reducing cell proliferation was
seen at the 72" and 96" hours when it was administered
together with cisplatin in the cisplatin-free cell line. In the
cisplatin-resistant cell line, it was observed that the control
and CCh groups significantly decreased compared to the
Cis group at 24 hours. Carbachol with cisplatin significantly
inhibited cell proliferation at the 24", 48", 72" and 96™
hours. Co-administration of carbachol with cisplatin caused
a more effective decrease in cell number than application
of carbachol alone. Unlike other studies, the inhibitory
effect of carbachol was not prevented by atropine
application. It is demonstrated that low doses therapy
combining cisplatin with a cholinergic agonist carbachol
could be a useful strategy to treat ovarian tumors.

CONCLUSION

These results support the notion that the cholinergic
agonist carbachol may have roles in cell death and affect
cell proliferation by activating muscarinic receptors. The
results of the study confirmed that mAChRs can be
considered as therapeutic targets for metronomic therapy
in ovarian cancer and the usefulness of a muscarinic
agonist as a repositioning drug in the treatment of this type
of tumor. However, in order to reach a definite conclusion,
the results need to be supported by other methods. The next
study is planned to evaluate the effects of carbachol on cell
proliferation as well as its effects on cell cycle and
apoptosis in breast, ovarian, and brain cancers.
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