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Muscarinic cholinergic signaling and overactive bladder-like
symptoms associated with invasive bladder cancer
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Abstract. The objective of the present study was to explore
the association between muscarinic cholinergic signaling
and urothelial bladder tumors. Possible associations among
overactive bladder (OAB) symptoms and bladder tumors
were retrospectively investigated using a multicenter Chinese
database with prospectively collected data since 2010. Firstly,
it was demonstrated that OAB symptoms, such as urgency,
were more severe in patients with invasive bladder cancer
and were associated with a reduced prognosis. Following
this, muscarinic cholinergic receptor 3 (M3R) expression in
urothelium was determined to be lower in invasive cancer
tissue than in adjacent non-cancerous tissue, yet M3R
upregulation was associated with a reduced progression free
survival (PFS) time. Additionally, it was also demonstrated
that muscarinic cholinergic receptor 2 (M2R) was upregu-
lated in the sub-urothelium, and this was also associated
with a reduced PFS time. Furthermore, it was determined
that cholinesterase and acetylcholinesterase were lower in
invasive cancer than in non-invasive cancer. In conclusion,
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the results indicated that M3R expression was downregu-
lated in invasive bladder cancer, which may have a role as a
protective anti-oncogene, in contrast to its oncogenic role in
numerous other cancer types. Therefore, muscarinic cholin-
ergic signaling may be a novel therapeutic target for treating
bladder cancer.

Introduction

Bladder cancer is the fourth most common tumor among
males in the United States of America (1). The most frequent
symptom of bladder cancer is hematuria, whilst urgency,
dysuria and bladder irritation indicate muscle-invasive bladder
tumors or carcinoma in situ (cis) (2). A problem for the diag-
nosis of bladder cancer is that patients with stage T, or T,
disease may not manifest any of these symptoms (1-3).

Numerous patients with bladder diseases may exhibit a
complex of symptoms known as overactive bladder (OAB),
characterized by urgency, frequency and nocturia, with
or without urinary incontinence (4). It was reported that
metastatic breast cancer was also associated with OAB-like
symptoms (4,5). Whether these symptoms are associated with
molecular features or with prognosis of bladder cancer remains
unclear. These data may be beneficial for understanding the
onset and progression of bladder cancer.

Antagonists of muscarinic acetylcholine receptors
(mAChRSs) remain the first-line therapy for treating OAB
symptoms, such as urgency (6). Understanding the role of
mAChRs in OAB requires the examination of all five receptor
subtypes (M1R-MS5R), all of which being located in the urothe-
lium (4). The urothelium could respond to muscarinic agonist
stimulation by self-releasing acetylcholine (ACh), which may
modulate afferent activity in turn (7). The urothelium assists in
filling and distension of the bladder, and it protects the under-
lying stroma (8). Of non-muscle invasive bladder cancer, ~70%
were confined to the urothelium (5).
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Muscarinic cholinergic receptor 3 (M3R) is one of the
major receptors associated with micturition in normal human
bladder and OAB (9); however, M3R transcripts have not been
detected in the J82, RT4, T24 and 5,637 urothelial cancer cell
lines (10). Recently, a study also determined that M3R expres-
sion was decreased in the bladder cancer group, compared with
non-cancer control individuals (9). Nevertheless, the clinical
features were not mentioned in these studies, and invasive
bladder cancer was not focused on (9,10).

MAChRSs are expressed in several tumor types, including
colon, ovary, lung, breast and prostate cancer, and the genes
encoding M1R and M3R have been demonstrated to function
as conditional oncogenes (11), activating downstream phos-
phatidylinositol hydrolysis to induce cell proliferation (12).
In addition to clarifying the potential role of MAChRs in
bladder cancer, studies are required to explore the potential
role of muscarinic cholinergic signaling. Such signaling serves
an important role in colon cancer (13), but whether it also
participates in bladder cancer is unclear. This signaling can be
partially measured via assays for several enzymes involved in
auto- and paracrine signaling, including acetylcholinesterase
(AChE), butyrylcholinesterase and choline acetyltransferase
(ChAT) (14). Muscarinic signaling in the urothelium also
contributes to OAB-like symptoms (4,15).

To begin to address these gaps in the literature, data that
had been prospectively entered into a multicenter database,
of patients with invasive bladder cancer in China, were retro-
spectively analyzed. Possible associations between OAB-like
symptoms and muscarinic cholinergic signaling were exam-
ined using this data.

Patients and methods

Study design and ethical approval. A multicenter database
between January 2010 to December 2015 was established at
the Tumor Hospital of Guangxi Medical University (Nanning,
China), Nanfang Hospital of Southern Medical University
(Guangzhou, China) and Guangzhou First People's Hospital
(Guangzhou, China), containing medical records of patients
with OAB, suspected or diagnosed bladder tumors since 2010.
The patients written informed consent were obtained at the
time of data collection. The mean age was 58.2 (7-85) years,
203 were male and 71 were female. The present study was
approved by the ethics committee of institutes aforementioned.
Information on OAB-like symptoms were recorded prospec-
tively in this database, after which the patients underwent
bladder biopsy, transurethral resection or radical cystectomy.
Overall OAB symptom severity was assessed using the
OAB symptom score (OABSS) (15). Investigators collected
symptom data prior to definitive diagnosis or pathology results
became available.

Inclusion criteria and exclusion criteria. Patients in the data-
base who were confirmed to have bladder tumors based on
bladder biopsy, transurethral resection or radical cystectomy
between January 2010 and December 2015 were eligible.
Patients were excluded from the study if they had previously
been diagnosed with OAB or interstitial cystitis or if they had a
history of severe urinary system infection, pelvic radiotherapy
and sexually transmitted diseases.
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Clinical outcomes. Outcomes were time to recurrence,
progression free survival (PFS) and overall survival. Time to
recurrence and PFS were calculated as the date from radical
cystectomy to the first documented recurrence. A single
patient was diagnosed with cis, a type of superficial bladder
tumor which is not muscle-invasive, and was not included in
the PFS observation.

Reverse transcription-polymerase chain reaction (RT-PCR)
analysis of MAChRs MIR-M5R. Bladder mucosa specimens
were obtained by cystoscopy from 10 patients with OAB, and
total RNA was extracted using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA),
according to the manufacturer's instructions. Expression
levels of MIR-MS5R transcripts were determined by RT-PCR
as previously described (16). Total RNA (1.5 ug) was reverse
transcribed for 60 min at 37°C using random primers from the
M-MLV First Strand kit (Invitrogen; Thermo Fisher Scientific,
Inc.). PCR amplification was performed for 2 min at 50°C,
then 10 min at 95°C, followed by 45 cycles of 15 sec at 95°C
and 60 sec at 58°C.

Histopathology and immunohistochemistry against
MIR-M5R. Polyclonal antibodies against MIR-MS5R were
purchased from Abcam (Cambridge, UK), and DAB substrate
liquid was obtained from Sigma-Aldrich (Merck KGaA,
Darmstadt, Germany). A total of 4 ym-thick sections from
tumor tissue and tumor-adjacent tissue were embedded in
paraffin, fixed in 4% paraformaldehyde for 24 h at room
temperature, deparaffinized, subjected to antigen retrieval
(citrate buffer for 30 min at 100°C; rehydration in a descending
ethanol series at 100, 95, 85 and 75% for 10 min), incubated
with 3% hydrogen peroxide for 10 min at room temperature
and mounted on slides. Slides were incubated with rabbit
antibodies to CHRM1 (1:1,000; Abcam; cat. no. ab180636),
CHRM2 (1:500; Abcam; cat. no. ab188891), CHRM3 (1:100;
Abcam, ab150480), CHRM4 (1:1,000; Abcam, ab150518),
CHRMS antibody (1:1,000; Abcam; cat. no. ab150531) over-
night at 4°C. The following day, these tissues were washed
with PBS three times, and goat anti-rabbit immunoglobulin G
horseradish peroxidase-conjugated (1:1,000; cat. no. HA1001;
HuaBio Inc., Cambridge, MA, USA) secondary antibody
incubated for 1 h at room temperature. DAB substrate liquid
was used for the slides and visualized under a light micro-
scope (magnification, x100; cat. no. CX31-LV320; Olympus
Corporation, Tokyo, Japan).

Serum levels of cholinesterase (ChE). After patients had been
hospitalized for 2 days, venous blood (2 ml) was collected on
an empty stomach, serum was isolated by centrifugation for
10 min at 1,509 x g at room temperature. Levels of ChE in
serum were assayed using the cholinesterase kit (CUSABIO,
Wuhan, China) and conducted according to the manufacturer's
protocol.

Statistical analysis. Data were plotted using GraphPad Prism 5
(GraphPad Software, Inc., La Jolla, CA, USA) and presented as
the mean + the standard deviation. Statistical tests were applied
within SPSS 21 (IBM Corp., Armonk, NY, USA). P<0.05 was
considered to indicate a statistically significant difference, and
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all reported P-values were two-sided. Differences between
patient groups were assessed for significance using Student's
t-test, including comparing serum levels of ChE and baseline
information. Differences in MIR-M5R expression between
muscle-invasive non-muscle-invasive bladder cancer were
analyzed using one-way analysis of variance followed by
the Student-Newman-Keuls post hoc test. When assessing
differences in skewed data using multiple comparisons, the
non-parametric test was used. For Table II, Kruskal-Wallis test
was used to compare three groups, whilst the Mann-Whitney
U test was used to compare two groups.

Among 26 patients who underwent radical cystectomy,
PFS was estimated using Kaplan-Meier plots with a log rank
test and multivariate Cox proportional hazards regression.

Results

Differences in OAB-like symptoms between muscle-invasive
and non-muscle-invasive bladder cancers. The 228 patients
included in the retrospective analysis were classified as having
invasive or non-invasive bladder cancer (Table I). Incidence
and severity of OAB-like symptoms, including urgency,
daytime frequency and nocturia was higher in the invasive
group, compared with the non-invasive group (Table II).
The OAB-like symptoms in patients with malignant tumors
were more severe, compared with those with benign tumors
(P=0.00001; Table II).

The core symptom of OAB is urgency (4). Among
26 patients who underwent radical cystectomy, those expe-
riencing ‘daily =1" urgency indicated lower PFS, compared
with those with less severe urgency (P=0.04962; Fig. 1A). Cox
regression identified urgency as an independent predictor of
PFS following radical cystectomy.

M3R expression in urothelium and PFS in patients under-
going radical cystectomy. M3R expression was also observed
in PFS study. Higher M3R expression in the urothelium
of the 26 patients with muscle-invasive bladder cancer who
underwent radical resection was associated with reduced
PFS [x*=8.811, degrees of freedom (df)=3, P=0.032; Fig. 1B].
Similar results were obtained when M3R expression in the
sub-urothelium was analyzed (x*=11.651, df=3, P=0.009).

Differences in MIR-M5R expression between muscle-invasive
and non-muscle-invasive bladder cancers. Expression levels
of M3R transcript in bladder mucosa was significantly higher
in patients with OAB, compared with the normal group
(P=0.00088; Fig. 1C). Among patients with bladder cancer,
M3R staining intensity in immunostained bladder urothelium
was lower in the muscle-invasive group, compared with the
non-muscle-invasive group (Fig. 1D). M3R staining intensity
in the sub-urothelium, as well as the mortality rate, was similar
between the two patient subgroups (Data not shown).

Downregulation of M3R in urothelium of patients with
bladder cancer. M3R expression in bladder urothelium
(Fig. 2A), sub-urothelium (Fig. 2B) and detrusor (Fig. 2C)
were determined in patients with bladder cancer. M3R
expression in bladder urothelium was lower in patients
with bladder cancer, whether muscle-invasive or invasive,
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Table I. Baseline characteristics of 228 Chinese patients with
bladder tumor.

Variable Value®
Age, years
Mean + SE 0.5+13.53
Median 61
Interquartile range 50-71
Sex
Male 181 (79.4)
Female 47 (20.6)
Previous operation
No 154 (67.5)
TUR 45 (19.7)
Open (partial cystectomy) 29 (12.7)
Previous intravesical instillation
No 183 (80.3)
Yes 45 (19.7)
Total bladder cancer (n=206)
Non-muscle-invasive 109 (47.8)
Muscle-invasive 97 (42.5)
Total bladder cancer (n=206)
Non-invasive 63 (30.6)
Invasive 143 (69.4)
Grade of bladder cancer (WHO 2004, n=199)
PUNLMP 10 (44)
Low-grade 90 (39.5)
High-grade 99 (43.4)
N stage of bladder cancer (n=206)
NO 175 (76.7)
N1 19 (8.3)
N2 8(3.5)
N3 4(1.8)
Metastasis of bladder cancer (n=206)
No 198 (86.8)
Yes 8(3.5)
Pathology
PUNLMP 939
Ta 54 (23.7)
T1 41 (18.0)
T2a 34 (14.9)
T2b 19 (8.3)
T3a 14 (6.1)
T3b 13(5.7)
T4a 11 (4.8)
T4b 10 (4.4)
Tis 1(04)
Benign tumor® 22 (9.6)

PUNLMP, papillary urothelial neoplasm of low malignant potential;
TUR, transurethral resection; WHO, World Health Organization; SE,
standard error. Mitomycin, pirarubicin and gemcitabine were used
in previous intravesical instillation. *n (%), except for age. "Benign
tumor is constituted of inverted papilloma and cystitis glandularis.
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Table II. Differences in overactive bladder-like symptoms between benign tumor, invasive and non-invasive bladder cancer.

Factor Benign® (n=11) Non-invasive (n=55) Invasive (n=62) P-value
No. urgency (%) 0.0017°
No urgency 2 (18.18) 29 (52.73) 15 (24.19)
Urgency=1/week 1(9.09) 2 (3.64) 3(4.84)
Urgency=1/day 2 (18.18) 4(7.27) 4(645)
Urgency=2-4/day 2 (18.18) 11 (20) 15 (24.19)
Urgency=5/day 4 (36.36) 9 (16.36) 25 (40.32)
No. daytime frequency (%) 0.0322°
<7 3(27.27) 28 (50.91) 23 (37.10)
8-14 5 (45.45) 24 (43.64) 23 (37.10)
=15 3(27.27) 3(545) 16 (25.81)
No. nighttime frequency (%) 0.0001°
0 2 (18.18) 4(7.27) 2 (3.23)
1 1(9.09) 12 (21.82) 2 (3.23)
2 4 (36.36) 18 (32.73) 12 (19.35)
>3 4 (36.36) 21 (38.19) 46 (74.19)
No. OABSS (%) 0.0016°
Urgency<?2 0(0) 29 (52.73) 15 (24.19)
Mild 6 (54.55) 4(7.27) 3(4.84)
Moderate 2 (18.18) 18 (32.73) 33 (53.23)
Severe 3(27.27) 4(7.27) 11 (17.74)
Factor Non-muscle-invasive (n=55) Muscle-invasive (n=62)
No. urgency (%) 0.0005¢
No urgency 29 (52.70) 15 (24.20)
Urgency=1/week 2 (3.60) 3(4.80)
Urgency=1/day 4 (7.30) 4 (6.50)
Urgency=2-4/day 11 (20) 15 (24.20)
Urgency=5/day 9 (16.40) 25 (40.30)
No. daytime frequency (%) 0.0198°
<7 28 (50.90) 23 (37.10)
8-14 24 (43.60) 23 (37.10)
=15 3 (5.50) 16 (25.80)
No. nighttime frequency (%) <0.0001°
0 4 (7.30) 2 (3.20)
1 12 (21.80) 2 (3.20)
2 18 (32.70) 12 (19.40)
>3 21 (38.20) 46 (74.20)
No. OABSS (%) 0.0191°
Urgency<2 29 (52.70) 15 (24.20)
Mild 4 (7.30) 3 (4.80)
Moderate 18 (32.70) 33 (53.20)
Severe 4 (7.30) 11 (17.70)

OABSS, overactive bladder symptom score; “Benign tumor includes inverted papilloma and cystitis glandularis. °P<0.05, “P<0.001, three
groups were compared using Kruskal-Wallis test and two groups were compared using Mann-Whitney U test.

compared with the non-muscle-invasive or non-invasive  cancer, M3R expression in the urothelium demonstrated a
group, respectively (Fig. 2D-G). For patients with invasive  decreasing gradient in the following order: Adjacent tissue
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Figure 1. Expression of M1-5R of urothelium in OAB and bladder cancer and urgency in PES. (A) Patients experiencing ‘daily =1’ urgency demonstrated
significantly lower PFS, compared with those experiencing ‘daily <1’ (P=0.0496). (B) PFS in patients with invasive bladder cancer who underwent radical
cystectomy. M3R expression was negatively associated with PES (P=0.032). (C) Expression levels of mAChRs M1-5R in bladder mucosa of patients with
OAB based on reverse transcription-polymerase chain reaction. (OAB group, M1-5, n=10, 9, 10, 10, 10; Control group, M1-5,n=11, 9, 11, 11, 11; P=0.56, 0.22,
0.56,0.43,0.92). (D) M1-5R proteins in bladder urothelium of patients with bladder cancer based on immunohistochemistry. M3R staining ("P<0.05) was less
intense in patients with muscle-invasive bladder cancer, even though this group had more severe OAB-like symptoms. PFS, progression free survival; M1-5R,

muscarinic cholinergic receptor 1-5; OAB, overactive bladder.

lying >2 cm from the tumor; adjacent tissue lying 0.5-1 cm
from the tumor; tumor tissue (Fig. 2H). M3R expression
of detrusor was higher in the muscle-invasive and invasive
groups (Fig. 2I). When patients were classified as low or
high-grade, according to WHO 2004 criteria (17), M3R
expression in detrusor muscle was significantly higher in the
low-grade subgroup (y*=7.348, P=0.046).

Upregulation of M2R in urothelium of patients with bladder
cancer. Expression levels of M2R in urothelium were signifi-
cantly increased in patients with invasive bladder cancer. In
the sub-urothelium, M2R expression was significantly higher
in the invasive group, compared with the non-invasive group
(x*=10.274, df=3, P=0.016), and significantly higher in the
muscle-invasive group, compared with the non-muscle-inva-
sive group (x*=8.289, df=3, P=0.038). Among the 26 patients
who underwent radical cystectomy, the level of M2R expres-
sion in the sub-urothelium negatively associated with PFS
(x*=14.276, df=3, P=0.003).

Expression MIR and M4R in patients with bladder cancer.
MIR expression in the sub-urothelium was significantly
higher in the invasive group (x?=9.151, P=0.027) and
muscle-invasive group (%*=10.028, P=0.034), compared with
the non-invasive and non-muscle-invasive group. Among
patients with muscle-invasive cancer, M1R expression in
urothelium was significantly lower in tumor, compared
with in adjacent tissues (n=23, x?=8.982, P=0.01; Fig. 3).

In addition, MIR expression in urothelium of patients with
invasive cancer negatively associated with tumor T stage
(x*=24.73, P=0.029).

M4R expression in the sub-urothelium was significantly
higher in the muscle-invasive group, compared with the
non-muscle-invasive group (%?=7.770, P=0.049). M4R
expression in invasive sub-urothelial tissue negatively associ-
ated with tumor T stage (%*=29.472, P=0.009). An increasing
gradient of M4R expression in urothelium also existed in the
following order: Adjacent tissue lying >2 cm from the tumor;
adjacent tissue lying 0.5-1 cm from the tumor; and tumor
tissue (Fig. 3).

Other indicators of cholinergic signaling in bladder cancer.
Serum levels of ChE were significantly lower in patients with
invasive cancer (n=85, 7614.69+2317.75 U/1), compared with
those with non-invasive cancer (n=108, 8570.86+2037.64 U/1)
(t=2.999, P=0.003). Similar results were obtained when
patients with muscle-invasive and non-muscle-invasive cancer
(t=2.955,P=0.004), or patients with low and high-grade cancer
(t=3.546, P=0.001) were compared.

AChE levels in urothelium and sub-urothelium were
similar between patients with invasive or non-invasive cancer.
Among those patients with muscle-invasive cancer who
underwent radical cystectomy, AChE expression levels in the
urothelium were positively associated with PFS. Expression
levels of AChE within the detrusor demonstrated a negative
gradient: Adjacent tissue lying >2 cm from the tumor; tumor
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Figure 2. Expression of M3R in bladder cancer tissue. Representative immunostained photomicrographs indicating M3R expression in (A) bladder urothe-
lium, (B) sub-urothelium and (C) detrusor of patients with bladder cancer. Differences in M3R staining intensity of urothelium between (D) invasive and
non-invasive bladder cancer tissues and (E) muscle invasive and non-muscle invasive bladder cancer tissues (P=0.038, 0.017). Differences in M3R staining
intensity of detrusor between (F) invasive and non-invasive bladder cancer tissues and (G) muscle invasive and non-muscle invasive bladder cancer tissues.
(P=0.001, 0.001). (H) Differences in M3R staining intensity between tumor urothelium tissue and adjacent tissue (P=0.023). (I) Differences in M3R staining
intensity in detrusor between patients with low-grades and high-grade bladder cancer (P=0.046). M3R, muscarinic cholinergic receptor 3.

tissue; adjacent tissue lying 0.5-1 cm from the tumor (3*=8.486,
df=2, P=0.014).

Among muscle-invasive cancer tissues, rate of ChAT
expression based on immunostaining of urothelium indicated
a negative gradient: Tumor tissue; adjacent tissue lying >2 cm
from the tumor; adjacent tissue lying 0.5-1 cm from the tumor.
Furthermore, the expression of matrix metalloproteinase-9
(MMP-9) in urothelium demonstrated an increasing gradient
in the following order: Adjacent tissue lying >2 cm from the
tumor; adjacent tissue lying 0.5-1 cm from the tumor; and
tumor tissue (Fig. 3).

Discussion

The present study indicated that urgency and other OAB-like
symptoms were more serious in patients with muscle-invasive
bladder cancer than in those with non-muscle-invasive cancer,
based on daytime frequency, nocturia, urgency and OABSS.
Patients with invasive or muscle-invasive cancer manifested
more severe OAB-like symptoms than patients with benign
bladder tumors. The results provided the first evidence that

urgency was more severe in invasive bladder cancer than in
non-invasive cancer, and is associated with reduce prognosis
following radical cystectomy.

Bladder carcinoma invading the detrusor could produce
secondary urgency and frequency. However, it was determined
that the differences existed in invasive or muscle invasive
cancers. This may be because the invasive bladder cancer only
invaded the lamina propria but not the detrusor.

All five subtypes of mAChRs (M1R-M5R) in the patient
tissue were detected, consistent with work in normal urothe-
lium (4); however, it was determined that expression of M3R
in the urothelium of patients with invasive bladder cancer was
much lower than that of other receptors (Fig. 1D), consistent
withreports of M3R was decreased in bladder cancer tissues and
a gradient of M1=M2>M3 in T24 bladder cancer cells (18,19),
but different from a gradient of M3>M4>M5>M2>M1 in
a study of patients with OAB (17). The current results also
contrast with the gradient of M2>M3=M5>M4=MI1 in normal
human urothelium (Fig. 1C) (20).

M3R serves an important role in OAB (21). The M3R
expression was higher in bladder mucosa of patients with OAB,
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Figure 3. Other indicators of cholinergic signaling in bladder cancer. Differences in proportions of urothelial cells positive for (A) MIR (P=0.010), (B) M4R
(P=0.010), (C) ChAT (P=0.033) and (D) MMP-9 (P=0.009) between bladder cancer tissue and adjacent tissue. MMP-9, matrix metalloproteinase-9; ChAT,
Choline acetyltransferase; M1R, muscarinic cholinergic receptor 1; M4R, muscarinic cholinergic receptor 4.

compared with the normal group (17). M3R upregulation was
observed in the detrusor of patients with invasive cancer, and
was associated with the more severe OAB-like symptoms in
these patients, whereas M3R downregulation was observed
in the urothelium of these patients. These results indicated
that the mechanisms leading to OAB-like symptoms may be
distinct between OAB and bladder cancer.

M3R genes are conditional oncogenes (11) frequently
expressed in digestive tract cancer types and considered
to serve an important role in proliferation, differentiation,
distant metastasis, transformation and carcinogenesis (22).
They are considered to serve a key role in the proliferation
and metastasis of cholangiocarcinoma (23), and their expres-
sion is influenced by the extent of differentiation, distant
metastasis and site of cholangiocarcinoma. Whilst several
studies have indicated that M3R upregulation is linked to
cancer processes, others indicate that downregulation is
involved (9,11-13,22,23).

On one hand, M3R activation promotes proliferation,
migration and angiogenesis in several types of cancer cells.
It also promotes proliferation of normal urothelium and
of the human urothelium-derived cell line UROtsa (24),
and M3R-selective antagonists inhibit this effect. On the
other hand, knocking down M3R increases proliferation
of UROtsa (10). Transfecting bladder cancer cell lines
such as T24 cells with an M3R expression plasmid signifi-
cantly reduces proliferation (10). These data indicated that

muscarinic M3R may serves a bidirectional regulatory role
in normal urothelial proliferation (Fig. 4A), and that this
regulatory mechanism is altered in bladder cancer urothe-
lium (10-14) (Fig. 4B).

In the present cohort of patients, M3R appeared to
act primarily as an anti-oncogene. M3R expression was
significantly lower in invasive bladder cancer, compared with
non-invasive cancer, and it was lower in the urothelium of
invasive cancer, compared with tissue adjacent to the tumor.
M3R expression increased with increasing distance from the
tumor. In addition, M3R expression in urothelium negatively
associated with PFS in patients with muscle-invasive cancer
who underwent radical cystectomy.

M3R up-regulation promotes the proliferation of normal
bladder detrusor cells (25), indicating that an observation of
M3R expression increased in bladder cancer detrusor cells
should be expected. It was determined that unlike in the
urothelium, M3R expression in the detrusor was higher in the
invasive group, compared with the non-invasive group. M3R
has an established role as oncogene in colon and lung cancer;
however, the present study demonstrated that it may be an
anti-oncogene in urothelium of bladder cancer (7). The results
indicated that M3R may serve different roles in the urothelium
and in the detrusor of bladder cancer. Urgency maybe not just
a secondary symptom due to detrusor invaded.

A previous study determined that mRNA levels of M3R
were significantly upregulated only in low-grade tumor,



782

A @
Negative feedback” oo

‘%

- Autocrine
X

e~

3 FIP,

Mormal urothelium <> Deaiiteraion > <

\ ——
1P, | - -

— -_—
La ca ._,Ca —

CacaM ca i o L
. = o CATPase]

WEI et al: MUSCARINIC CHOLINERGIC SIGNALING AND BLADDER CANCER

B ©
, O g ©

Megative feedback) "
utocrine
i -
' \
¥ Tpp, 3 o
Urothelial carcinoma 4 Pmllfera‘on. -
Ll r'. - 3
. o -
4 '
v = °
1P,
— -xB ———
——
& Ca ._, Ca q
Cacam ca ©

Figure 4. Signaling pathways of M3R regulates proliferation of urothelium (hypothesis based on previous reports). (A) It was speculated that a certain
concentration of ACh combined to the M3R and stimulates proliferation of normal urothelium. urothelium release of ACh. The autocrined and paracrined ACh
also combined to M3R. But M3R in turn inhibited urothelial proliferation when the concentration of ACh reaches a high level. The mechanism maintains the
normal metabolism of urothelium. (B) It was speculated that the mechanism has changed in bladder cancer. ACh increased due to the autocrine and paracrine
signals from the bladder urothelium and sub-urothelium tissues. However, the negative feedback of M3R on urothelial proliferation failed. The PKC pathway
serves an important role in the regulation of urothelial proliferation of M3R according to the existed data. It is possible that the Ca>*/DG-PKC pathway serves
a major role in physiological while the PKC/MAPK/NF-kB pathway may serve a major role in bladder cancer cells. M3R, MIR, muscarinic cholinergic
receptor 1; PKC/MAPK/NF-«kB, protein kinase C/mitogen-activated protein kinase/nuclear factor-xB.

compared with normal biopsies tissue, and there were no
difference in high-grade tumors (19). Similar to this study, the
data from the present study also demonstrated that there were
no differences between low-grade and high-grade tumors in
M3R expression.

The results implicated M2R as an anti-oncogene in
bladder cancer. It was determined that M2R expression was
highest in tumor tissue and decreased with increasing distance
from the tumor. It was also higher in the sub-urothelium of
patients with invasive cancer. Among patients who under-
went radical bladder cystectomy, M2R expression associated
negatively with PFS. These results are consistent with study
of Pacini et al (19) indicating that M2R helps regulate bladder
cancer proliferation, migration and invasion.

Similar to M2R, the results indicate that MIR and M4R
promote tumorigenesis and progression of bladder cancer.
MIR in sub-urothelium was significantly higher in invasive
cancer, and it was significantly lower in the urothelium of
cancer tissue, compared with adjacent non-cancerous tissue.
MIR urothelium and M4R sub-urothelial expression negatively
associated with tumor T stage. And M4R in sub-urothelium
was significantly higher in muscle-invasive cancer compared
with non-muscle-invasive cancer. Therefore, it was considered
that the M1R and M4R also serve an important role in tumori-
genesis and progression of bladder cancer.

The association of AChE with patient survival and tumor
aggressiveness had been confirmed in brain, lung, head and
neck and hepatocellular cancer (26). A negative association
was determined between ChE levels and PFS in patients
with muscle-invasive cancer who underwent radical bladder
cystectomy. Additionally, ACh interacts with M3R to stimu-
late malignant tumor growth in colon tumors (13). In addition,
significantly lower proportions of ChAT-positive cells in the
urothelium of muscle-invasive cancer were determined. This
may indicate increased synthesis of ACh and/or reduced
degradation of ACh in cancer tissue, leading to excessive
accumulation of ACh, which promotes tumor cell prolifera-
tion (13,27). Collectively, these observations indicated that the

cholinergic signaling was over-stimulated in advanced bladder
cancer. Cholinergic signaling may be a novel target to prevent
and treat bladder tumor.

Higher expression of MMP-9 were observed in the
sub-urothelium of muscle-invasive cancer and associated with
PFS of patients who underwent radical cystectomy. These results
are consistent with the hypothesis that MMP-9 acts as a down-
stream effector of cholinergic signaling in bladder cancer (28).

The results of the present study should be interpreted with
caution due to several limitations. Although data were entered
prospectively into the patient database, it cannot exclude
that a number of patients with bladder cancer may have had
OAB; however, it is unlikely that the incidence of OAB was
high enough to affect the results. A second limitation is that
patients with OAB-like syndrome were diagnosed using
subjective criteria, including urgency, urinary frequency and
nocturia, which may be interfered with by drink water due
to hematuria. Thirdly, completely normal human bladder
urothelium in the experiments were not used as a control.
Future studies should address these deficiencies in order to
verify and extend the data. Additionally, preoperative clin-
ical staging was performed in a number of patients, although
pathological staging was applied to patients who underwent
radical cystectomy.

The present study demonstrated that M3R expression
was lower in invasive bladder cancer, but it was negatively
associated with PFS. Another possible explanation is
that M3R may serve a more complex biological behavior.
Transforming growth factor-f acts as a tumor suppressor
normally, but also function as a tumor promoter in advanced
cancers (29).

In conclusion, the present study indicated that cholinergic
muscarinic signaling is altered in bladder cancer and is
associated with prognosis. Tumorigenesis and development
of bladder cancer appear to involve mAChRs, in particular a
change in the regulatory role of M3R in the urothelium. M3R
may act as an anti-oncogene in bladder cancer, unlike its onco-
genic role in numerous other cancer types.
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