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Abstract

Pilocarpine is a selective M;/M; agonist of muscarinic acetylcholine receptor subtypes. Muscarinic acetylcholine receptors
are G protein-coupled receptors. These receptors are different drug targets. The aim of the present work was to investigate
the effect of pilocarpine on the expression of M; muscarinic acetylcholine receptor, the AChE activity, IL-8 release response,
and proliferation in K562 cells, via muscarinic receptor activation. Human chronic myeloid leukemic cell cultures were
incubated with drugs. Proliferation assays were performed by BrdU assay. Expression of M; muscarinic acetylcholine recep-
tor and apoptosis proteins such as bcl, bax, cyt C, and caspases was assessed with the semiquantitative Western blotting
method. Pilocarpine inhibits chronic myeloid cell proliferation and M; muscarinic acetylcholine receptor protein expression.
Pilocarpine increases caspase-8 and -9 expression levels, upregulating the proapoptotic protein Bax and downregulating the
expression levels of the antiapoptotic protein Bcl-2. The apoptotic activity of pilocarpine is associated with an increase in
ACHhE activity. M; muscarinic acetylcholine receptors can activate multiple signal transduction systems and mediate inhibi-
tory effects on chronic myeloid K562 cell proliferation depending on the presence of 1% FBS conditions. This apoptotic
effect of pilocarpine may be due to the concentration of pilocarpine and the increase in AChE level. Our results suggest that
inhibition of cell proliferation by inducing apoptosis of pilocarpine in K562 cells may be one of the targets. M; selective
agonist may have therapeutic potential in chronic myeloid leukemia.
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Introduction

Human chronic myeloid leukemia (CML) is a very slow-growing
leukemia but can be transformed into a fast-growing acute leu-
kemia. Therefore, CML should be treated, and this transforma-
tion should be prevented. Some chemotherapy drugs are used in
chronic myeloid leukemia but do not completely treat. Leukemia
is a group of heterogeneous neoplastic malignancies. Leukemia
is a process that develops in the bone marrow and affects normal
hematopoiesis. There are four main types of leukemia. They are
classified according to their cellular origin, myeloid or lymphoid
origin, and the course of the disease. Leukemia is classified as
acute myeloid leukemia (AML), acute lymphocytic leukemia
(ALL), chronic myeloid leukemia (CML), and chronic lympho-
cytic leukemia (CLL) Jin et al. 2016). In 1999, Wessler et al.
defined the non-neuronal cholinergic system in non-neuronal
cells. It was defined that a system is formed by expressed acetyl-
choline, choline acetyltransferase, acetylcholinesterase, and cho-
linergic acetylcholine receptors (1999). Cholinergic receptors are
divided into two groups, muscarinic and nicotinic. Muscarinic
acetylcholine receptors (mAChRs) are seven-transmembrane
domains. These are the single subunit 5070 kDa glycoproteins.
They interact with G proteins (Bonner 1989; Bonner et al. 1987,
Felder 1995). In terminology, muscarinic acetylcholine receptors
are named M;—-M;R (Caulfield & Birdsall 1998; Eglen 2012;
Wess 2003). Activation of muscarinic M, M3, and M receptors
causes phosphoinositide (PI) hydrolysis and an increase in cellu-
lar calcium concentration, while activation of M, and M, recep-
tors causes inhibition of adenylyl cyclase activity and decreased
cellular cyclic adenosine monophosphate (cAMP) levels (Car-
ruthers et al. 2015; Clader & Wang 2005). These receptors medi-
ate many essential physiological functions which are as follows:
heart rate and strength, relaxation of blood vessels, constriction
of airways in the lungs, increased secretion, mobility of various
organs in the gastrointestinal tract, contraction of smooth mus-
cles, and secretion of lacrimal glands in the organism (Carruthers
et al. 2015; Clader & Wang 2005; Wess 2003). Pilocarpine is a
cholinergic agonist that specifically binds to muscarinic receptors
(M, and M) and causes an increase in free Ca** in the cytosol
(Pronin et al. 2017). The slowly hydrolyzed muscarinic agonist
pilocarpine has no nicotinic effect. Different researchers have
reported that pilocarpine possesses anti-apoptotic activities
(Reina et al. 2010). Activation of M; muscarinic acetylcholine
receptors in various cancer cells stimulates complex signaling
pathways that stimulate gene transcription leading to cell prolif-
eration via epidermal growth factor receptor (EGFR)-dependent
and independent signaling pathways. EGFR is a member of
the tyrosine kinase receptor family. Epidermal growth factor
receptors (EGFR) are glycoproteins (Finot et al. 2012; Huang
et al. 2014; Natarajan et al. 2007; Sibilia et al. 2007). Activa-
tion of EGFR leads to protein tyrosine phosphorylation and the
formation of intracellular phosphotyrosine-dependent protein

@ Springer

complexes (K. Cheng et al. 2008; K. Cheng et al. 2003; Von
Rosenvinge & Raufman 2011). The EGFR pathway is important
for solid tumors such as colon cancer cell proliferation (Felton
et al. 2018). The epidermal growth factor can stimulate cell pro-
liferation, survival, and differentiation (Finot et al. 2012; Huang
et al. 2014; Zhang et al. 2012). EGF and EGFR are overexpressed
in many cancers such as breast, lung, and liver cancer (Breindel
et al. 2013; Finot et al. 2012; Huang et al. 2014; Masuda et al.
2012). EGF stimulation causes cell proliferation, cell division,
wound healing, cancer formation, and tumor development by
biochemical changes (Citri & Yarden 2006; Finot et al. 2012;
Huang et al. 2014).

Different studies have shown that acetylcholine produc-
tion and expression of mMAChRs in non-neuronal cells regulate
important cell functions such as cell proliferation, migration,
and differentiation (Albuquerque et al. 2009; K. Cheng et al.
2008; Karlin 2002; Paleari et al. 2008; Wessler et al. 1999; Yu
et al. 2017). Moreover, these receptors have been detected in
different tumor cells derived from the lung, colon, and brain,
and their activation plays a role in cancer progression (Song
et al. 2007; Ukegawa et al. 2003; Zuchner et al. 2006). Recep-
tors such as M; mAChR have been shown to play an impor-
tant role in the proliferation, differentiation, and apoptosis of
leukemic cells (Jin et al. 2016). Apoptosis destroys damaged
cells, preserving the integrity of normal tissues and organs in
response to DNA damage, cellular stress, or oncogene expres-
sion, thereby blocking cell proliferation and tumor growth
(Croce 2008; Shirjang et al. 2019; Slee et al. 1999; Tabas &
Ron 2011; Verbrugge et al. 2010). In intrinsic (or mitochon-
drial) apoptotic pathway, DNA damage is triggered by a vari-
ety of intracellular stimuli, including cytotoxic drug therapy,
growth factor deprivation, and/or oxidative stress. Several Bcl-2
family members, including Bax (Bcl-2-associated X-protein),
Bak, Bcl-2, Bcl-xL, Mcl-1, Bid, and Bim, cytochrome c (Cyt
O) release by regulating mitochondrial membrane permeability.
Bcl-2 (anti-apoptotic) suppresses cell death, and Bax (pro-apop-
totic) induces apoptosis. Pro-apoptotic factors such as Cyt C
leak from mitochondria through these pores and play an impor-
tant role in inducing apoptosis (Celepli 2020). Cytochrome C is
a multifunctional enzyme located on the inner surface of mito-
chondria and is an important mediator and biomarker in the
mitochondrial apoptotic pathway (Renz et al. 2001). The human
chronic myeloid leukemia cell line (K562) was developed by
Lozzio et al. in 1975 in pleural fluid in the blastic crisis phase
of a chronic myeloid leukemia patient (Lozzio & Lozzio 1975).
K562 cell line represents the early differentiation phase of the
granulocyte line. Our previous studies have shown that M,,
M;, and M, muscarinic acetylcholine receptors are function-
ally expressed in K562 cells, which are human chronic myeloid
leukemia cells (Aydin et al. 2013; Cabadak et al. 2011; Cabadak
et al. 2009). We also demonstrated that muscarinic acetylcho-
line receptors are functional in these cells by detecting changes
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in different signaling pathways such as PKC, NO, cAMP, and
Ca*? via muscarinic receptors (Aydin et al. 2013; Cabadak
et al. 2011, 2009; Kanli et al. 2019). Onder et al. showed that
K562 cells express the alpha-7 nicotinic receptor. They also
showed the effects of cholinergic agonist ACh and/or atropine
(ATR), nicotinic antagonist, MLA on cell proliferation, and
intracellular Ca®* level (Onder Narin et al. 2021). Recent stud-
ies indicate that AChE is also a promising tumor suppressor (Xi
et al. 2015). Our previous studies showed that the M; mAChR
receptor was actively expressed, and AChE activity increased
in response to ACh in K562 cells; as a result, K562 cells may
be affected by pilocarpine that is M5 agonist. Tumor necro-
sis factor alpha (TNFa) is a multifunctional and multicellular
cytokine. It plays an important role in apoptosis and cell sur-
vival, as well as inflammation and immunity (Goukassian et al.
2007; Limb et al. 1996; Maddahi et al. 2011). TNFa has been
shown to have antitumor properties as well as a broad spectrum
in different diseases (van Horssen et al. 2006). TNFa is pro-
duced by a variety of cells, including macrophages, lymphoid
cells, mast cells, endothelial cells, fibroblasts, and neuronal tis-
sue (Bremer 2013; Maddahi et al. 2011; Micheau & Tschopp
2003). Acetylcholine also mediates the release of interleukin-8
(CXCLS). It is synthesized by peripheral blood mononuclear
cells, fibroblasts, epithelial cells, endothelial cells, tumor cells,
and keratinocytes. The CXCL8/IL-8 chemokine family and its
receptors are involved in inflammatory diseases (Russo et al.
2014). Chemokines such as epidermal growth factor (EGF),
IL-8, IL-12, IL-6, and IL-1 can stimulate tumor cells to pro-
duce a variety of inflammatory factors, chemoattractors such
as monocytes, neutrophils, or lymphocytes tumor cells, and
leukocytes in the circulation of tumor tissues in the inflamma-
tory environment can contribute to its regulation (Huang et al.
2014; Liu et al. 2008; Wong et al. 2009). On the other hand,
activated cancer cells secrete inflammatory mediators secondar-
ily in the regulation of tumor progression (Huang et al. 2014;
Shirabe et al. 2012). The IL-8 protein secreted by tumor cells
promotes tumor migration, invasion, and angiogenesis (Huang
etal. 2014).

We aimed to demonstrate the roles of pilocarpine in
K562 cell proliferation and apoptosis. We also compared
the effects of pilocarpine, 4DAMP, and TNFa, on IL-8
release (CXCLS), and AChE activity in K562 cells. Molec-
ular mechanisms and targeted cellular signaling pathways
involved in cell proliferation and apoptosis were investigated
at protein levels.

Material and methods
Cell lines, cell culture, and reagents

Human erythroleukemia K562 cell lines were purchased
from the American Type Culture Collection (ATCC),

Manassas, VA, USA, obtained in the form of a frozen cell
line CCL-243. Cells were cultivated in an incubator under
standard conditions (37 °C, 5% CO,) in RPMI-1640 medium
(Life Technologies, Darmstadt, Germany), containing 10%
fetal bovine serum and 100 U/ml penicillin and 100 pg/ml
streptomycin (all Biochrom, Berlin, Germany). The anti-
bodies were purchased from Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA). Pilocarpine, TNFa, and 4-diphenyl-
acetoxy-N-methyl-piperidine (4-DAMP) were purchased
from Sigma-Aldrich (Schnelldorf, Germany).

Cell proliferation assay

K562 cells (1 x 10%) were seeded into 96-well plates con-
taining RPMI-1640 medium to serum-free conditions.
After 24 h, these “starved cells” were placed into a medium
containing 1% FBS. The cells were grown in RPMI 1640
medium supplemented with 2 mM L-glutamine, 1% heat-
inactivated FBS, 100 U/mL penicillin, and 100 mg/mL
streptomycin, at 37 °C under a humidified condition of 5%
CO,. K562 cells were exposed to pilocarpine in the pres-
ence or absence of the M; muscarinic selective antagonists
4DAMP. 4DAMP were treated 30 min before pilocarpine,
TNFa, and EGF were added to the culture medium. Cells
were collected, and cell proliferation was assessed by BrdU
(5-bromo-2'-deoxyuridine; Roche, Mannheim, Germany)
assays, respectively, according to the manufacturer’s pro-
tocols. Samples at a wavelength of 370 nm were read on a
BioTek Synergy H1 unit (Synergy H1, BioTek, Winooski,
VT, USA). Cell viability and proliferation were also evalu-
ated by the trypan blue exclusion test and cell counter (TC-
20 BioRad, Hercules, CA, USA).

Measurement of CXCL8 release

CXCLS release into the supernatants was measured using
a Millipore Human IL-8 ELISA kit in accordance with the
manufacturer’s instructions.

Measurement of AChE activity

ACHhE activity of human erythroleukemia cells was deter-
mined by the Choline/Acetylcholine Assay kit (DACE-100)
after the cells were incubated with TNFa, agonists, and
antagonists for 24 h.

Western blotting

Caspase 3, 8, and 9, bel, bax, cyt C, and M; muscarinic recep-
tor proteins were evaluated by semiquantitative Western blotting.
K562 cells were treated with drugs for 24 h in a medium with 1%
serum. Cells were harvested and washed in PBS for 15 min at
400 g, and the pellet was frozen at— 80 °C. Protein level detection
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in whole lysates and Western blot analyses described our previous
studies with min6r modification (21). Band intensities were quanti-
fied by optical density using the free edition of ImagelJ software.
P-actin was used as reference proteins (loading control) in each
blot. The apparent molecular weights of M; mAChR, Caspase 3,
8, and 9, bel, bax, cyt C, and f-actin are 75 kDa, 20 kDa, 55 kDa,
46 kDa, 26 kDa, 23 kDa, 15 kDa, and 47 kDa, respectively.

Statistical analysis

All figures show the standard error of the mean (+ SEM) of
at least four/six times independent experiments. Statistically
significant differences were determined by using the one-way
analysis of variance followed by Dunnett’s posttests. All sta-
tistical tests were performed with the Prism program (Graph-
pad Prism 6), and (P <0.05) was considered significant.

Results

The change in the proliferation of human
erythroleukemia cell proliferation treated
with mitogens

Mitogenic roles of FBS, TNFa, EGF, and pilocarpine were
detected in K562 cells. K562 cells were treated for 24, 48,
and 72 h to determine their mitogenic effects in the presence
of 0%, 1%, and 10% FBS, EGF, and TNFa. Cell proliferation
curves were shown in Fig. 1.

Serum-free conditions (%0 FBS) proliferation of K562
was increased time-dependent manner being significant
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Fig.1 Effects of FBS, EGF, and TNFa on K562 cell prolifera-
tion time course. K562 were cultured for 24, 48, and 72 h in a
medium without FBS (%0 FBS; @), in the presence of 1% FBS
(M), 10% FBS (A), EGF 10 ng/mL (#), TNFa 1 ng/mL (V). Data
is the mean+SEM of n=6 experiments for triplicate. Proliferative
responses of each mitogen were significant compared to 0% FBS
(basal) ****p <0.0001,**p <0.04, *p <0.05, =p<0.019
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at 24, 48, and 72 h. Mitogens increased K562 prolifer-
ation at 24, 48, and 72 h. The mitogenic effectiveness
at 48 h was the following: 10% FBS > 5% FBS > EGF
(10 ng/mL) > TNFa (1 ng/ ml). When the 0% FBS vs
other groups were compared, the increase in the num-
ber of cells was found significant (****p < (0.0001). In
the cells treated with epidermal growth factor for 24 h,
the number of cells increased significantly compared to
cells without FBS. But K562 cells treated with epider-
mal growth factor for 72 h decreased compared to cells
without FBS. A significant difference was found between
both the EGF and TNFa groups compared to 10% FBS
(*¥***p <0.0001). FBS is the best mitogen for K562 cells.
The pro-inflammatory cytokine, TNFa, significantly
decreased compared to cells with 10% FBS at 48 h.

The effect of FBS, EGF, TNFa, agonist,
and antagonists in human erythroleukemia cell
proliferation

The effect of FBS, EGF, TNFa, and agonists in human
chronic myeloid leukemia cell proliferation is shown in
Fig. 2.

TNFa and pilocarpine caused inhibition compared to
0% FBS **p <0.005 and **p < 0.05. K562 cell prolif-
eration was significantly inhibited by pilocarpine and
TNF alpha in FBS-free conditions. Pilocarpine caused
decreased cell proliferation compared to the FBS-free
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Fig.2 Effects of mitogens and cholinergic agonists on K562 cell pro-
liferation. K562 were cultured in the presence of RPMI-1640 medium
(%0 FBS, 10% FBS, EGF (10 ng/mL), TNFa (1 ng /mL, pilocar-
pine 100 uM, and CCh 100 pM). Data is the mean+SEM of n=6
experiments for triplicate. The proliferation responses of each mito-
gen concentration compared to %0 FBS were significant **p <0.005;
*p<0.05
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group (%0 FBS), ***p <0.0004, and also, similar effects
were seen on the (%1 FBS) plus pilocarpine group com-
pared to the (%1 FBS) group (****p <0.0001) (Fig. 3a).
Cell proliferation increased by 1% FBS compared to the
%0 FBS group (**p <0.001). A total of 1% serum and
pilocarpine group and 1% serum + 4DAMP + pilocarpine
group caused inhibition compared to the 1% serum group
(*p <0.001) (Fig. 3a).

Fig.3 The effects of pilocarpine
and mitogens (FBS, TNFa) on
K562 cell proliferation. a K562
cells were cultured in RPMI-
1640 medium %0 FBS, pilocar-
pine 100 uM, 1% FBS, serum-
free TNFa 1 ng/mL, serum-free
pilocarpine + TNFa during

48 h. Each mitogen responses
compared to %0 FBS were
found significant ***p < 0.0004
and ****p <0.0001. b The
effects of pilocarpine in K562
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The effect of TNFa, M; muscarinic receptor
agonists, and M; muscarinic receptor antagonists
on acetylcholine esterase (AChE) activities in human
chronic myeloid leukemia cells

The AChE activity levels have been found to be increased
in response to pilocarpine treatment in human chronic
myeloid cells (Fig. 3b).
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were cultured in RPMI-1640%0
FBS, %1 FBS, pilocarpine

100 uM, and 4DAMP 10 uM
during 48 h. %1 FBS were
significant compared to %0
FBS group **p <0.001. Pilo-
carpine 100 uM, pilocarpine
100 uM, and 4DAMP com-
pared to %1 FBS were found
significant *p <0.05. Data

is the mean+ SEM of n=6
experiments for triplicate. b
The effect of pilocarpine and
other mitogens on acetylcholine
esterase (AChE) activity in
human erythroleukemia cells.
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It is a new finding that pilocarpine exhibits antiprolifera-
tive effects in the presence of 1% and 0% FBS. Antiprolifera-
tive effects of pilocarpine were not reversed by 4DAMP (M,
AChR antagonist).

The AChHE activity levels have been found to be increased
in response to pilocarpine treatment in human chronic mye-
loid cells (Fig. 3b).

The AChE levels increased compared to the control
(*¥***p <0.0001), but only the pilocarpine 100 pM group
was found to be not significantly different from that of the
controls. A significant increase in the AChE levels was
found in the 1 pM and 10 pM concentrations of pilocarpine
and the presence of TNFa compared to the control groups
(*¥**%p <0.0001).

Effect of TNFa, agonists, and antagonists
on interleukin-8 (IL-8) activity in human
erythroleukemia cells

Incubation of K562 cells with two pilocarpine concentra-
tions caused inhibition of IL-8 release. The mean increases
in IL-8 release caused by a combination of pilocarpine and
TNF were about three fold higher than the control (Fig. 3c).

When 1 ng/mL TNFa was added to the 1 uM and 10 uM
pilocarpine groups, an increase in IL-8 levels was deter-
mined compared to the control groups (¥***p <0.0001;
**p <0,0004).

Fig.4 Effects of pilocarpine
on muscarinic Mj receptor
expression in K562 cells. a
Western blotting. The repre-
sentative images of nitrocellu-
lose membranes were obtained

M; muscarinic receptor expression in human chronic
myeloid leukemia cells

The effect of TNFa, pilocarpine, and/or 4DAMP on M,
mAChHR expression in K562 cells is shown in Fig. 4.

Cells were treated with pilocarpine, TNFa, and/or
4DAMP. M; mAChR expression increased in cells co-stimu-
lated with 4DAMP and pilocarpine compared to the control.
The increase in M; mAChR expression with TNFa and pilo-
carpine was statistically significant (¥*p <0.01) compared to
pilocarpine. A significant increase in M; mAChR expression
was observed when 4DAMP + pilocarpine was compared to
the control (****p <0.0001). A significant increase in M,
mAChHR expression was found when 4DAMP + pilocarpine
was compared to 4DAMP (***p <0.0001).

Effects of muscarinic M;R agonist, antagonist,
and TNFa on Bax/Bcl-2, cytocrome C, and Caspase
3, 8, and 9 expression in human chronic myeloid
leukemia cells

A total of 1 pM and 10 pM pilocarpine increased Bax/Bcl-2
ratio (Fig. 5a). Increase in Bax/Bcl-2 ratio (more than twofold)
was revealed after 24-h incubation. PD153035 is an EGFR
inhibitor that prevents epidermal growth factor receptor acti-
vation. When compared to control levels, PD153035 caused
a significantly increase in Bax/Bcl-2 ratio (**p <0.001). Our
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Fig.5 A Effects of muscarinic M3R agonist, antagonist, and
TNFa on Bax/Bcl-2 expression in K562 cells. K562 cells were
pre-treated with 4DAMP for 30 min before the addition of pilocar-
pine, TNFa, and PD153035 as indicated. Levels of Bax and Bcl-2
were determined by Western blot analysis as described in “Mate-
rial and methods.” The estimated molecular weights were Bax
23 kDa, Bcl-2 26 kDa, and beta-actin 47 kDa. The upper panel
shows a the representative images of blot. Blots were analyzed by

results showed that PD153035 increased Bax/Bcl-2 ratio,
and 4DAMP reversed pilocarpine effects on Bax/Bcl-2 ratio
in K562 cells. A high Bax/Bcl-2 ratio may be characteristic
of apoptotic cells. Cytocrome C expression increased with
PD53035 compared to control (**p <0.0001) (Fig. 5b).

Imbalances in the ratios of proapoptotic (Bax) and antia-
poptotic (Bcl 2) Bcl-2 family members may predispose to
cell death with pilocarpine.

Caspase 3, 8, and 9 were detected by Western blotting
in K562 cells. The cells were treated with pilocarpine,
4DAMP, TNFa, and PD153035 for 24 h. Caspase 3, 8, and
9 expressions were demonstrated after drug treatment com-
pared to the untreated control cells (Fig. 6).

Depending on the cell type and conditions, caspase-8 can
potentiate or suppress tumor malignancy. Researchers have
developed some drugs that can increase Caspase-8 expres-
sion. EGF (10 ng/mL) has mitogenic effects on K562 cells.

In this study, an increase in Bax/Bcl-2 ratio and caspase-8
and -9 expressions was significantly increased with 1 uM
pilocarpine compared to the control (p <0.001). A total of
1 ng/mL TNFa has been shown to cause increased caspase-3
expression levels but decreased caspase-9 expression levels
compared to the control.

Discussion

The canonical downstream signaling M, M, and M5 mus-
carinic acetylcholine receptors stimulate phospholipase A2,
phospholipase D, and tyrosine kinase, as well as a calcium
channel; M, and M, acetylcholine receptors are coupled to

p-actin

Cytocrome

Control pilpM ploudM TNFa 4DAMP 4D+P 4D+T T+P  PD153035

densitometry, and the values are expressed as the means+ SEM
of three independent experiments. Pilocarpine 1 pM; 10 uM
**¥%¥p <0.0001;*p <0.01, significantly different from the con-
trol; TNFa+P vs control *p<0.01; PD153035 vs control group
**p <0.001). B Effects of muscarinic M;R agonist, antagonist
on, and 1 ng/mL TNF« on cytocrome c expression. The estimated
molecular weights were Cyt C 15 kDa and beta-actin 47 kDa.
PD153035 **p <0.0001 vs control group

G proteins of Gi/o class. Other signaling pathways activation
cause M, and M, receptors also can activate phospholipase A2
(Caulfield & Birdsall 1998; Felder 1995; Hulme et al. 1990).
Muscarinic acetylcholine receptors interact with multiple
effectors in signal transduction pathways (Felder 1995). An
increase in rat ASMC (atypical smooth muscle cell) cell prolif-
eration at 24, 48, and 72 h at 5-10% 10 ng/mL TNFa concen-
trations was determined over time. At 72 h, mitogenic activity
was found 10% FBS > 5% FBS =EGF 10 ng/mL=TNFa 1 ng/
mL. TNFa in rat ASMC cells was found to increase cell pro-
liferation and also trigger apoptosis. They confirmed that FBS
exhibited the best mitogenic effect in these cells. Accordingly,
they suggested that TNFo have a weak mitogenic effect. EGF
has been reported to stimulate the growth and proliferation
of ASMC cells as a mitogen (Placeres-Uray et al. 2013). In
our present study, 1% and 10% FBS has a mitogenic effect
in K562 cells at 24, 48, and 72 h. At 72 h, mitogenic activity
was found high level 10% FBS > 1% FBS, but EGF 10 ng/
mL =TNFa 1 ng/mL low-level increased cell proliferation as
well as weak mitogenic effects. EGF has the best mitogenic
effect at 24 h in K562 cells. TNFa caused the lowest effect
on cell proliferation at 48th than other agents. Pilocarpine
has a role in K562 cell proliferation: (1) inhibitory effect by
itself and (2) synergistic inhibitory effect at a concentration
of mitogens TNFa 1 ng/mL in the presence and absence of
1% FBS. In previous studies in K562 cell proliferation, the
inhibitory effect of carbachol at 24 h was shown to be reversed
with atropine and 4DAMP (Cabadak et al. 2011). For the first
time in this study, pilocarpine was shown to cause inhibition
of cell proliferation in the presence and absence of 1% FBS.
This effect could not be reversed with 4DAMP. Pilocarpine
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Fig.6 Effects of muscarinic M;R agonist, antagonist on, and TNFx
on caspase 3, 8, and 9 expression in K562 cells. K562 cells were
pre-treated with 4DAMP for 30 min before the addition of pilocar-
pine, TNFa, PD153035 as indicated. Levels of caspase 3, 8, and 9
were determined by Western blot analysis as described in “Mate-
rial and methods.” The estimated molecular weights were Caspase
3: 32 kDa, Caspase 8: 55 kDa, Caspase 9: 46 kDa, and beta-actin:

inhibited cell proliferation at 48 h in K562 cells. TNFa and
pilocarpine had a similar effect on cell proliferation. It was
determined that the rat ASMC cell proliferation had the same
mitogenic effect as carbachol 5% FBS in 24 h, and 5 ng EGF
had a similar effect. It has been shown that in the presence of
10% FBS in these cells, carbachol causes dose-dependent inhi-
bition. Placeres-Uray et al. determined that this reduction was
due to cell death. AF-DX-116 (M, antagonist) and 4DAMP
were found to be more effective in reversing the inhibitory
effect of carbachol in the presence of 10% FBS in rat airway
smooth muscle cells. Their data showed that M, receptors are
more effective (Placeres-Uray et al. 2013). Xu et al. showed
that pilocarpine has been found to have synergistic effects in
TNFa and CXCLS8 (Xu et al. 2013). In the 16-HBE cells, the
cigarette extract not only improved the increase in the expres-
sion of M, and M; stimulated by TNFa but also had an effect
at a hundred times lower concentration of acetylcholine.
Studies have shown that M; mAChR is widely expressed in
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47 kDa. The upper panel shows the representative images of blot. Blots
were analyzed by densitometry, and the values are expressed as the
means+SEM of three independent experiments. A **p <0.003, sig-
nificantly different from the control. B *p <0.001 significantly different
from the control. C * p<0.001 significantly different from the control

gastrointestinal tumors and may play an important role in can-
cer proliferation, differentiation, and progression (Frucht et al.
1999; Y. S. Park & Cho 2008; Raufman et al. 2008; Ukegawa
et al. 2003; Wegener et al. 2004). Feng et al. found that pilo-
carpine changes the proliferation and migrations of cholan-
giocarcinoma cells, increasing the expression of M;-mAChR
in cholangiocarcinoma (Y. Feng et al. 2018; Y. J. Feng et al.
2012). According to our study pilocarpine, TNFa, and 4DAMP
showed any change in M; protein expression level; while pilo-
carpine and 4DAMP were administered together, a significant
increase in M; mAChR protein expression was determined
compared to the control. In different cancer cells, pilocarpine
has been found to inhibit cell proliferation (Xu et al. 2013). In
many studies, acetylcholine has been shown to be expressed
in various tumors, including lung cancer, and common malig-
nant tumors in various organs (Y. J. Feng et al. 2012; Song
et al. 2003; Trombino et al. 2004). Reina et al. reported that
pilocarpine triggered apoptosis in human skin fibroblast cells.
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Pilocarpine accelerated apoptosis by increasing the IP; level
by activating M; and Mj; receptors in these cells (Reina et al.
2010). Studies in human alveolar epithelial cell line A549 cells
have shown that M, receptor stimulation leads to ACh release
and thus to an increase in TNFa-mediated CXCLS8 secretion.
TNFa caused an increase in the expression of M, and M,
receptors and a decrease in the M, receptor in A549 cells (Y. J.
Feng et al. 2012). It was determined that TNFa increased cell
proliferation and also triggered apoptosis in rat ASMC cells.
They confirmed that FBS showed the best mitogenic effect in
these cells. Accordingly, they suggested that TNFa has a weak
mitogenic effect and may regulate cell proliferation (Keslacy
et al. 2007; Placeres-Uray et al. 2013; Stewart et al. 1995).
Although the expression of M, and M; receptors increased in
human alveolar epithelial cell line A549 cells, only 4DAMP
caused a decrease in CXCLS secretion with TNFa stimulation.
In contrast, the selective antagonists for M; and M, recep-
tors had no significant effects when concentrations of 0.1 pM
methoctramine and 1 pM pirenzepine were applied (Gosens
et al. 2009; Preiksaitis et al. 2000; Watson et al. 1999). In
addition, pilocarpine-induced CXCLS release associated with
M; receptors was blocked by 4 DAMPs. In Biihling et al. in
AS549 cells, no significant response was observed in response
to acetylcholine in CXCLS release (Buhling et al. 2007). It was
determined that pilocarpine-induced CXCLS release was weak
but reproducible and varied depending on the concentration in
these cells. Pilocarpine was found to have a synergistic effect
on TNFa and CXCLS8 (Xu et al. 2013). Muscarinic stimula-
tion with methacholine and synergistic effects of TNFa on
CXCLS release has been reported in human bronchial smooth
muscle cells (Oenema et al. 2010). In 16-HBE cells, however,
cigarette extract not only promoted the increase in TNFa-
induced M, and M, expression but also showed an effect at a
100-fold lower concentration of acetylcholine. They show that
blocking M, receptors with 4DAMP alone or with nonspecific
muscarinic blockade reduced TNFa-stimulated IL-8 release
(Profita et al. 2011).

In our study, 10 uM and 100 uM concentrations of
pilocarpine caused a decrease in IL-8 levels. When 1 and
10 uM concentrations of pilocarpine were applied together
with TNFa, it caused an increase in IL-8 release. Pilocar-
pine slightly inhibited IL-8 release, while 4DAMP fully
inhibited it. Our results showed that blocking M, receptors
with 4DAMP alone reduced IL-8 release, but TNFa partly
reversed these effects in K562 cells. 4DAMP may have a role
in regulating the release of factors such as IL-8, which has
chemotactic potential. In K562 cells, pilocarpine may also
reduce cell invasion by reducing IL-8 release. Our results
also showed that the increase of AChE level by pilocarpine is
mediated by the M; muscarinic receptor in K562 cells. More-
over, pilocarpine overstimulation of AChE in K562 cells can
inhibit critical proliferation pathways. We know that AChE
is also a promising tumor suppressor. Our results show that

pilocarpine and TNF together contribute to the inhibition of
K562 cell proliferation by increasing the AChE level. Dif-
ferent studies suggested that the elevation of AChE activity
could be a promising anticancer therapeutic. We observed
that the effect of pilocarpine on M, expression increased with
the addition of TNFa. Our study is the first to demonstrate
the effect of TNFa on M; muscarinic receptor expression and
M, receptor-mediated inhibition of K562 cell proliferation.
Furthermore is the fact that the addition of 4DAMP alters the
effects of pilocarpine on M;R expression in K562 cells. Bcl-2
prevents pore formation and cytochrome C release by binding
to members such as pro-apoptotic Bax (E. H. Cheng et al.
2001), while the increase in Bax expression eliminates tumor
cells and induces cell death (Wei et al. 2001). Our results
show that pilocarpine increased Bax/Bcl-2 ratio but did not
significantly change the Cyt C expression level in K562 cells.
It was determined that the Bax/Bcl-2 ratio increased in K562
cells both in cells to which pilocarpine was added and in
cells incubated with TNF alpha and pilocarpine. Induction of
apoptosis by pilocarpine was mediated by the downregulation
of Bcl-2 and the upregulation of Bax. Prokop et al. reported
that decreased Bax/Bcl-2 ratio was associated with relapse
in ALL patients (n=14) (Prokop et al. 2000). PD tyrosine
kinase inhibitor increased Bax/Bcl ratio but decreased Cyt
C levels in K562 cells. Yuan et al. suggest that the pilocar-
pine-induced human corneal stroma (HCS) cell apoptosis
might be triggered via both a death receptor-mediated path-
way and a mitochondrion-dependent pathway (Yuan et al.
2016). Reina et al. showed that activation of M, and M,
muscarinic receptors by pilocarpine resulted in apoptosis of
human fibroblast cells (Reina et al. 2010). Inhibition of M,
has a suppressive role in K562 cell proliferation by affect-
ing the intrinsic pathways of apoptosis. Cholinergic agents
targeting apoptosis have shown potential in antiproliferative
effects in chronic myeloid leukemia cells. Pilocarpine may
be effective in inducing apoptosis in chronic myeloid leuke-
mia cells by increasing the level of AChE. AChE exerts its
pivotal role in apoptosis by its participation in the formation
of the apoptosome (S. E. Park et al. 2004). Pilocarpine may
be a promising treatment strategy to improve the treatment
of chronic myeloid leukemia. This work reveals the essential
role of the M; receptor agonist, pilocarpine, in K562 cells
and suggests it may be an additional target for anti-chronic
myeloid leukemia therapy. Determining the importance
of the non-neuronal cholinergic system in leukemia has
revealed the need to investigate the interaction of different
signaling pathways. According to the results of the study, the
role of M; receptor-mediated signaling pathways in leuke-
mia will be investigated in the future and may be important
on leukemia treatment. The roles of muscarinic agonists in
the antimitogenic signal transduction pathway may contrib-
ute to the development of new treatment combinations for
chronic myeloid leukemia.
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