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The role of muscarinic receptors in several diseases including cancer has recently emerged. To evaluate the
hypothesis that muscarinic acetylcholine receptors may play a role in bladder cancer as well as in other tumor
types, we investigated their expression in bladder tumor specimens. All examined samples expressed the M1, M2
and M3 receptor subtypes. We also found that the level of M2 transcripts, but not those of M1 or M3, significantly
increased with the tumor histologic grade. In view of these results, we proceeded to investigate whether the M2
agonist Arecaidine had any effect on in vitro cell growth and migration of T24 cells, a bladder tumor cell line
expressing the muscarinic receptors, including the M2 subtype. We observed that Arecaidine significantly reduced
T24 and 5637 cell proliferation and migration in a concentration dependent manner. The silencing of M2 receptor
by siRNA in T24 and 5637 cell lines showed the inability of Arecaidine (100 mM) to inhibit cell proliferation after
48 hours, whereas the use of M1 and M3 antagonists in T24 appeared not to counteract the Arecaidine effect,
suggesting that the inhibition of cell proliferation was directly dependent on M2 receptor activation. These data
suggest that M2 muscarinic receptors may play a relevant role in bladder cancer and represent a new attractive
therapeutic target.

Introduction

Bladder cancer is the fifth most common tumor in western
society, with a global incidence predicted to further increase in
the future.1,2 Over 90% of the cases are transitional cell carcino-
mas (TCC) of the urothelium,1 a highly heterogeneous disease.3

Bladder urothelial cells normally express a variety of receptors
that respond to signaling molecules and neurotransmitters.4-7

Among them, the muscarinic acetylcholine receptors (mAChRs),
expressed both in detrusor muscle and in urothelial cells, are
strongly involved in the biology of the normal human bladder.8,9

Specifically, the M2 and M3 receptors have been identified as the
most abundant receptor subtypes, with M2 receptors mainly
expressed in umbrella cells and in the bladder mucosa,10 and in a
higher proportion (3:1) respect to M3 in the detrusor muscle.8,11

The main function of these receptors is the control of both con-
traction of detrusor cells and the release of substances such as
ATP and NO on urothelium, thus affecting detrusor

functions.8,12,13 The expression of muscarinic receptors in blad-
der is decreased in urothelial and suburothelial cells of patients
affected by overactive human bladder.14,15 Functional alterations
of mAChRs have also been detected in diabetic patients and with
aging16,17 Although the activity of mAChRs has been investi-
gated in normal bladder and in some pathological conditions,
the role of these receptors in bladder cancer has been poorly
investigated. Muscarinic receptors are also expressed in primary
and metastatic colon, ovary, prostate, and lung carcinomas,
breast cancer and melanoma.18-23 Interestingly, cell proliferation
and migration appear modulated in these tumors mainly by the
M3 receptor subtype.19,24-26 However, we have recently demon-
strated that the M2 receptor subtype is able to inhibit cell growth
and survival in human glioblastoma cells, highlighting a role for
this receptor in the inhibition of cancer cell proliferation.27,28

In this study we attempt to investigate the expression of M2 mus-
carinic receptors in bladder cancer samples and to explore their bio-
logical effects on urothelial cancer cells as we already demonstrated in
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glioblastoma cells. Our results show that
theM2 receptors are related to the tumor
grade and that their selective stimulation
strongly inhibits both in vitro prolifera-
tion and migration of T24 and 5637
cancer cells.

Results

M2 receptor expression is
proportional to the histological
grading of the tumor in bladder
carcinoma

We have measured the mRNA lev-
els for M1, M2 and M3 receptors by

Figure 1. Muscarinic receptor expression in bladder cancer biopsies. (A) M1, M2 and M3 mRNA expression levels in normal bladder and in low and high
TCC grade. mRNA levels for M1 and M3 receptor subtype were significantly upregulated only in low-grade tumor tissues compared to controls, differ-
ently from mRNA levels for M2 subtype receptor whose expression in the high-grade tumors was statistically significant increased than both in normal
tissue and low-grade tumors (B) Immunohistochemistry analysis for M2 receptor expression. M2 expression in normal, low, and high TCC grade (40£).
The graph shows the quantification of the percentage of the M2 positive cells in high and low TCC grade. (C) Immunohistochemistry analysis showing
the M2 receptor expression in the normal and transitional area nearby the tumoral region. Magnification 20£. *P < 0.05, **P < 0.01, #P < 0.001.

Figure 2. The M2 agonist Arecaidine inhibits in vitro cell proliferation of T24. (A) M1, M2 and M3 mRNA
expression levels in T24 cell line. (B) MTS assay of T24 cell viability in absence (control) or in presence
of (12.5, 25, 50, 100 mM) for 24 and 48 hrs. Cell survival was significantly decreased after both 24 and
48 hrs of treatment with 100 mM in presence of Arecaidine as well as at 48 hrs at lower concentrations.
#P< 0.001. Ctl, control. O.D., optical density.
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qPCR in formalin-fixed paraffin-embedded (FFPE) tissues of
low (n D 8) and high (n D 8) grade cases of non-
invasive TCC. Four samples of normal bladder tissue were
used as comparison. As shown in Figure 1A, the mRNA
levels for M1 and M3 receptor subtype were significantly
upregulated only in low-grade tumor tissues compared to
normal bladder (P < 0.01 and P < 0.05, respectively). The
M2 receptor expression in the high-grade tumors was twelve
times higher than in the normal tissue (P < 0.001) and
almost fourfold increased respect to low-grade tumors (P <

0.01). No statistically significant difference in the mRNA
expression levels of M2 receptors was found between normal
and low-grade samples. The potential relation between M2
receptor expression and tumor grade was confirmed by
quantifying the number of positive cells by immunohis-
tochemistry on serial sections of FFPE samples using an
antibody against the M2 receptor (Fig. 1B). The immunos-
taining (Fig. 1B) for M2 receptor appeared diffusely distrib-
uted within the heterogeneous cell populations that
characterized this tumor type. As reported in the graph
(Fig. 1B), there is a striking difference in the percentage
of M2 positive cells between high and low grade samples
(P < 0.001). The above results indicate that the expression
of M2 receptor protein, as assessed by immunohistochemis-
try seems to correlate with the mRNA levels.

Figure 3. Effect of M2-silencing on T24 cell growth. (A) T24 transfected with Chromo GAPDH siRNA for 48 hrs (red) used as control of transfection (bar D
50 mm). (B) Western blot of the GAPDH expression in T24 cells in absence (CTRL) and in presence of Chromo-GAPDH siRNA (after 48 hrs of transfection).
Actin and GAPDH were used to normalize the bands. (C) Representative image of Western blot of M2 receptor expression in T24 cells in absence and in
presence of M2-siRNA pool (after 48 hrs of transfection). U251 cells were used as positive control of M2 receptor expression (see Ref 28) and actin to normal-
ize the bands. (D) MTS analysis performed in T24 cell lines after 48 hrs of siRNA transfection and additional 48 hrs of Arecaidine (100 mM) treatment. The val-
ues are themean§ SEM of 2 independent experiments performed in triplicate. ***P< 0.001. CTRL, control; O.D., optical density.

Figure 4. MTS analysis in absence or in presence of Arecaidine alone or
in combination with M1 (pirenzepine) and M3 antagonist (4-DAMP). In
particular, the M3 antagonist further enhances the decrease in T24 cell
viability/proliferation mediated by Arecaidine. #P < 0.001. Ctl, control,
Are, Arecaidine, Pir, Pirenzepine, O.D., optical density.
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Moreover, the expression of M2 receptors was also observed
both in the nearby normal tissue and in hyperplastic urothelial
area in the same bioptic samples with TCC. We observed a pro-
gressive depth of staining for M2 expression from normal to
tumoral area (Fig. 1C).

The M2 agonist arecaidine inhibits in vitro proliferation
of the T24 and 5637 cell lines

We have recently shown thatM2 receptors are highly present in
tissues and cell lines derived from glial tumors and that the treat-
ment with the M2 agonist Arecaidine inhibits cell growth and
induces severe apoptosis.27,28 We thus investigated whether the
M2 receptors could also mediate similar effects in a cell line
derived from urothelial carcinoma (T24) after treatment with the
M2 agonist Arecaidine. The T24 cells express all 3 muscarinic
receptors analysed, yielding the following rank order of

expression: M1�M2>M3 (Fig. 2A). With regard to theM2 sub-
type, the effect of its agonist Arecaidine on cell viability and prolif-
eration was assessed by MTS assay. Results (Fig. 2B) showed that
the stimulation with 100 mM of Arecaidine after 24 hours was
able to significantly inhibit cell proliferation (P < 0.001 vs Con-
trol), whereas lower concentrations did not significantly affect
T24 cell viability/proliferation. If the stimulation was extended up
to 48 hours, all concentrations of Arecaidine (even the lowest) sig-
nificantly decreased cell proliferation (all P< 0.001 vs Control).

In order to confirm that the effect mediated by Arecaidine on
T24 cell proliferation was dependent on M2 receptor activation,
we treated the cell line with Arecaidine after M2 receptor silenc-
ing using a pool of 4 siRNAs targeting human M2 receptor. A
70% of transduction efficiency was obtained as indicated by
Chromo-siRNA GAPDH transfection used as positive control
(Fig. 3A-B). The use of siRNAs pool specific for CHRM2

entirely abolished the M2 expres-
sion in T24 cells after 48 hours of
transfection (Fig. 3C, P < 0.05).

As indicated by MTS assay
(Fig. 3D), although the silencing
step caused per se an inevitable
decrease in cell number (see Con-
trol bar), possibly due to the lipo-
fectamine toxicity, however the
additional treatment with
(100 mM) Arecaidine after M2
receptor silencing, was ineffective
to inhibit T24 cell viability com-
pared with control (P > 0.05).

To further confirm the
involvement of M2 receptors in
the decrease of cell proliferation,
we treated the T24 cell line with
the M1 or M3 antagonists
(10¡6M pirenzepine and 10¡8M
1,1-dimethyl-4-diphenylacetoxy-
piperidinium iodide [4-DAMP],
respectively). The antagonists
alone were not able to affect cell
proliferation as well as the M1
antagonist pirenzepine did not
counteract the decrease in cell
proliferation-Arecaidine induced
(Fig. 4). Considering that the
increase in cancer cell prolifera-
tion is normally mediated via the
stimulation of the M3 receptor
subtype,19 we also verified that
the specific inhibition of M3
receptor with 4-DAMP enhanced
the M2-mediated effects. Results
(Fig. 4) showed that the com-
bined use of 100mM of Arecai-
dine and 4-DAMP significantly
strengthened a decrease in T24

Figure 5. Immunofluorescence and cell viability of human dermal fibroblasts. (A) Human dermal fibroblasts
expressing the M2 muscarinic receptor. Blue, DAPI; Red, M2 receptor. (B) Human dermal fibroblast cell viabil-
ity/proliferation in presence of different concentrations of Arecaidine. Gallamine (10¡6M) was used as M2
antagonist to counteract the Arecaidine effects. Ctl, control, Are, Arecaidine, Gal, Gallamine, O.D., optical
density.
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cell proliferation (P < 0.001), suggesting that Arecadine
could partially bind the M3 receptors, producing an antago-
nist effects respect to M2 receptor on T24 cell proliferation.

In order to rule out the potential Arecaidine toxicity, we tested
its effect in human dermal fibroblasts, used as control. M2 recep-
tors appeared faintly expressed in human fibroblasts (Fig. 5A).
Moreover, neither the Arecaidine treatment nor the presence of
M2 antagonist gallamine (10¡6M) affected cell viability of fibro-
blasts at all concentrations analysed (Fig. 5B).

Finally, we asked whether the observed effects were T24-
restricted, by testing a different cell line the 5637, a grade 2 TCC
of the bladder. Given that the 5637 cell line showed a similar
expression of M1, M2 and M3 receptors detected by RTPCR33

(Fig. 6A), results showed that the stimulation with Arecaidine
was able to induce a statistically significant decrease even in 5637
cell proliferation in a dose dependent manner at both 24 and
48 hours (P < 0.001 at 24 hours after treatment with 50 and
100 mM of Arecaidine and at all concentrations after 48 hours,
Fig. 6B). More importantly, the MTS assay performed after the
M2 receptor silencing and treatment with Arecaidine, showed
that 5637 cell proliferation was not inhibited, as similarly
observed in T24 (Fig. 6C and D, P > 0.05).

Supplementary experiments have indicated a statistically signifi-
cant decrease in cell proliferation in a dose dependent manner after
treatment with Arecaidine even in a further different cell line
expressing the M2 receptors, the HT1197, a grade 4 TCC of the
bladder (P < 0.001 at all concentrations after 24 and 48 hours; see
Fig. S9A and B) and no inhibition of the cell growth in presence of
Arecaidine after silencing of the M2 receptor (Fig. S9C).

The M2 agonist arecaidine inhibits in vitro migration of the
T24 and 5637 cell lines

Finally, we investigated the effect of Arecaidine under differ-
ent concentrations on the migratory activity of the T24 urothelial
cancer cells by transwell migration assay. Migration as prolifera-
tion was severely affected by Arecaidine (Fig. 7A-F) in a concen-
tration dependent manner where concentrations of 12.5, 25 and
50 mM of Arecaidine induced a significant and progressive
reduction of the number of migrated cells compared to control
of 10% (P < 0.05), 51% and 87.3% (P < 0.001), respectively.
After 100 mM Arecaidine treatment, 98% of tumor cells were
blocked in the upper side of the chamber (P < 0.001, Fig. 7F),
suggesting a potent inhibitory effect of M2 agonist on cell migra-
tion. Similar effects were observed on 5637 cell line where a

Figure 6. The M2 agonist Arecaidine inhibits in vitro cell proliferation of 5637 cell line. (A) M1, M2 and M3 mRNA expression levels in 5637 cell line.
(B) MTS assay of 5637 cell proliferation in absence (control) or in presence of Arecaidine (12.5, 25, 50, 100 mM) for 24 and 48 hrs where cell survival was
significantly decreased in a dose-dependent manner after both 24 and 48 hrs of treatment with Arecaidine. (C) Representative images of Western blot of
M2 receptor expression in 5637 cells in absence and in presence of M2-siRNA pool (after 48 hrs of transfection). GAPDH was used to normalize the bands.
(D) MTS analysis (reported as N. of cells) performed in 5637 cell line after 48 hrs of siRNA transfection and additional 48 hrs of Arecaidine (100 mM) treat-
ment. The values are the mean§ SEM of 2 independent experiments performed in triplicate. #P < 0.001. Ctl, control. O.D., optical density.
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statistically significant and dose-dependent decreased number of
migrated cells were found after treatment with arecaidine
(Fig. 8A and B, P < 0.01 at 25, 50 and 100 mM). Experiments
performed on HT1197 cell line showed no influence on the
migration property because of its attenuated ability to migrate
even in basal conditions (data not shown).

Discussion

Recently, the potential involve-
ment of acetylcholine and musca-
rinic receptors in the modulation
of tumor cell proliferation has been
highlighted.29,30 In particular, sev-
eral reports have shown that M3
muscarinic receptor activation
enhances tumor cell proliferation,
migration and angiogenesis.19,24,31

However, this question is far by
being settled. Very recently, we
have demonstrated that selective
activation of M2 receptors induces
cell growth arrest and apoptosis of
glioma tumor cells in vitro,27,28

suggesting that M2 receptors might
play a counteracting role in tumor
cell proliferation.

In the present study we exam-
ined the expression of mAChR
subtypes (M1, M2, M3) musca-
rinic receptor subtypes in TCC,
showing that the expression of M2
receptor is the highest in the high
grade samples (Fig. S10), however
no statistical significant difference
was found between low-grade and
normal samples, probably due to
the number of cases still low. On
the contrary, M1 and M3 are sig-
nificantly upregulated only in low-
grade samples.

The results on the M2 expres-
sion and its protein distribution in
tumor samples lead us to hypothe-
size that this specific type of musca-
rinic receptor might play a potential
permissive role in bladder cancer
cell biology. In fact, in non-neuro-
nal tissues such as bladder, the ace-
tylcholine could be released in an
autocrine or paracrine fashion,
modulating the functions of the
neighbouring cells.32 In addition,
in pathological conditions includ-
ing cancer, an altered sensitivity
of tumor cells to muscarinic
receptors has been described.33,34

Both these aforementioned explanations need further experi-
ments to elucidate the biological function of M2 muscarinic
receptors in bladder cancer.

Notably, our study also shows that the M2 change is not lim-
ited to the cancer site, but the transition from the normal to the
tumoral area through the hyperplasic region is apparently

Figure 7. The M2 agonist Arecaidine inhibits in vitro cell migration of T24 cell line. Representative micro-
scopic fields of T24 cell migration across an 8 mm pore size filter in absence (A) and in presence of
12.5 mM, (B) 25 mM, (C) 50 mM (D) and 100 mM (E) Arecaidine for 21 hours. Magnification 25£. (F) The
graph shows that 12.5, 25 and 50 mM of Arecaidine were able to significantly decrease the number of
migrated cells (10, 51 and 87%, respectively) with a better effect at 100 mM of Arecaidine. The bars repre-
sent the mean§ SD. *P < 0.05, **P < 0.001 vs. untreated cells. CTR, control, ARE, Arecaidine.
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accompanied by a progressive
increase in M2 expression. This
observation is not far from a
study showing a similar behav-
iour of a different receptor such
as Endothelial growth factor
receptor (EGFR), whose differen-
tial tissue expression is reported
in urothelial carcinoma, correlat-
ing with clinic-pathological
parameters.35

Muscarinic receptors can be
detected in urothelial cancer cell
lines. To date, the evidence for
the expression of these receptors
is quite conflicting. In fact, some
authors reported that T24, one of
the most studied urothelial cancer
cell lines, expresses only the M2
and M5 receptors, at variance
with other cell lines positive for
M1, M2, and M3.33 Our data
show that the M3 receptor sub-
type is abundantly expressed in
T24 cell line, and that both M1
and M2 and M2 receptors are
similarly represented. Therefore,
this apparent contrast with previ-
ous publications33 could be over-
come, if we consider that we have
used real time PCR, a more sensi-
tive technique than PCR.

By pharmacological competi-
tion with selective M2 antago-
nists (gallamine or methoctramine) and silencing of M2
receptors by siRNAs, we have previously confirmed that Arecai-
dine was able to activate M2 receptor subtypes in normal and
pathological cell types (i.e. Schwann cells, oligodendrocytes and
glioblastoma cells).28,36-38

In the light of the above findings and given that the expression
of M2 receptors is associated with the urothelial tumor grade in
vivo, we aimed to investigate the effects of the M2 agonist Arecai-
dine on the T24 cell line.

Arecaidine is able to inhibit cell proliferation in T24 cells in
concentration- and time-dependent manner as in glioblastoma
cells,28 where the highest concentration (100mM) already
affects cell proliferation after 24 hours, whereas the lower con-
centrations are effective only over a prolonged time of treat-
ment (48 hours), probably due to the different dynamic of the
gradual activation of the M2 receptor. The involvement of the
M2 receptors in mediating the inhibition of cell proliferation
in T24 cell line was confirmed by the silencing of the M2 recep-
tor by siRNA. In fact, after siRNA transfection the M2 receptor
expression was completely abolished in T24 cells, and the T24
cell proliferation appeared unmodified after Arecaidine
treatment.

Moreover, the use of M1 and M3 antagonists did not counter-
act the decrease in cell proliferation induced by Arecaidine. Inter-
estingly, in presence of M3 antagonist we observed that the
Arecaidine effect was enhanced, suggesting either that high doses
of Arecaidine bind a lesser extend M3 receptors and that on the
other the block of the M3 receptor enhances the Arecaidine
mediated effect. As suggested for the M2 upregulation in cancer
bioptic specimens, we could hypothesize that also in T24 an
enhanced sensitivity to M2 receptor occurs, likely due to a dysre-
gulation of the muscarinic receptor signaling.

Cancer cell migration is an issue of particular interest
because of the genesis of urothelial bladder carcinoma, often
described as a multifocal tumor in the urothelial tract of a
single patient. Several molecular evidences suggest that these
lesions are descendants of the intraepithelial (or intraluminal)
spread of a single transformed cell.39,40 It is interesting that
Arecaidine seems also to influence T24 cell migration as well
as proliferation.

The hypothesis of our study is also validated as the involve-
ment of M2 receptors in proliferation and migration can be fur-
ther extended to 2 TCC lines with different grade beyond T24
such as HT1197 and 5637 (grade 4 and 2, respectively),

Figure 8. The M2 agonist Arecaidine inhibits in vitro cell migration of 5637 cell line. (A) Graph showing that
25, 50 and 100 mM of Arecaidine were able to significantly decrease the number of migrated cells. (B). Repre-
sentative microscopic fields of 5637 cell migration across an 8 mm pore size filter in absence and in presence
of 25, 50 and 100 mM Arecaidine for 21 hours. Magnification 25£. The bars represent the mean § SD.
**P < 0.01 vs. untreated cells. CTR, control.
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reflecting also in some way the variability in response to the Are-
caidine treatment and considering their different genetic
background.

Although further experiments are required to elucidate the
mechanism downstream M2 receptor activation, the decreased
migration at lower concentrations may suggest an impact on cell
adhesion molecules such as Focal adhesion kinase (FAK), whose
specific activation is required for dynamic process as migration.
All together these data support the evidence that the M2 receptor
is specifically involved in the regulation of tumor cell prolifera-
tion and migration.

Our observations, although restricted to cancer cell lines, may
contribute to a more detailed biological and molecular knowl-
edge of the role of muscarinic receptors in urothelial bladder can-
cer cells.

Conclusions

In conclusion, for the first time we show that M2 is upregu-
lated in high grade urothelial bladder cancer specimens and that
its agonistic stimulation affect both in vitro proliferation and
migration of urothelial cancer cell line. We believe that our data
could help to clarify the role of the M2 muscarinic receptors in
urothelial bladder cancer.

Methods

Cell lines and tumor samples
Human bladder cancer 5637, T24 and HT1197 cell lines

(grade 2, 3, 4, respectively) were purchased from Cell Lines Ser-
vice (CLS–Eppelheim, Germany) and ICLC (ICLC, Genova,
Italy), respectively.40 Cells were maintained in RPMI, DMEM:
Ham’s F12 mixture (1:1) and DMEM, respectively, and supple-
mented with 2 mM L-glutamine, and 10% fetal calf serum
(FCS, Sigma-Aldrich).

Bladder cancer tissue was obtained from a total of 16
patients underwent to surgical treatment (8 with non-muscle
invasive low and 8 with high grade of TCC). Four urothelial
samples, obtained from patients underwent bladder biopsy
for diseases other than bladder tumor (all selected cases suf-
fering from ureteral lithiasis) were used as controls. All
patients gave informed consent to tissue donation. The
biopsy withdrawal has been approved by the Ethical Commit-
tee Protocol N. CE/7779. The research has been conducted
in accordance with the Declaration of Helsinki. Only sections
adjacent to tissue areas containing a minimal rate of 60%
tumor cells were further processed for immunohistochemistry
and qPCR analysis. Histological grading was performed
according to WHO 2004 tumor classification.

Isolation and expansion
of human fibroblasts

Isolation of human primary dermal fibroblasts culture was
performed as previously described.41,42

Drugs, cell survival and proliferation
The M2 agonist Arecaidine was purchased from Sigma-

Aldrich. The muscarinic antagonists used were: gallamine, (final
concentration 10¡6M, Sigma, Cat. N. G-8134) as M2 antago-
nist, pirenzepine (final concentration 10¡6M, Tocris, Cat. N.
1071) as M1 antagonist and 4-DAMP (final concentration
10¡8M, Tocris, Cat. N. 0482) as M3 antagonist.28 Cell growth
of T24 cell lines (2000 cells/well) and human dermal fibro-
blasts41,42 was quantified using a colorimetric method (CellTiter
96 AQueus One Solution Cell Proliferation Assay, Promega)
according to the manufacturer’s instructions.42,43

M2 receptor silencing
The human M2 muscarinic receptor (CHRM2) (ID1129)

expression was inhibited in T24, 5637 and HT1197 cells using 4
different siRNAs. The Chromo GAPDH siRNA (20 nM/well)
were also used as positive control of transfection. The sequences
of the 4 CHRM2 siRNAs (Riboxx Life Sciences) were as follows:
1.(siRNA1129-1) sense, 50- AUUUACUACUAAAUCCUCC-
CCC-3’, antisense 50-GGGGGAGGAUUUAGUAGUAAAU-
30;

2. (siRNA1129-2) sense 50- AUGUAGCCCAUUU-
CUUCCCCC-3’, antisense 50-GGGGGAAGAAAUGGGCUA-
CUA; 3.(siRNA1129-3) sense 50-UCCUUUGAGUUUCAGG
CUGCCCCC-30, antisense 50- GGGGGCAGCCUGAAACU-
CAAAGGA-30; 4.(siRNA1129-4) sense 50-AGUUACACCUU-
GACCUAACCCCC-3’, antisense 50-GGGGGUUAGGUCAA
GGUGUAACU-3’. Cells were plated in 24 multiwells (2,5 £
103 cells/well) for MTS assay and in 60 mm dishes (40 £ 104

cell/dish) for western blot analysis and cultured in complete
medium. The siRNAs were pre-mixed with RiboxxFect accord-
ing to manufacturer’s instructions and then added to wells 24 h
after plating. The efficiency of the transfection was evaluated
transfecting, in separate wells, Chromo-GAPDH siRNA. The
ability of the siRNA pool to affected CHRM2 expression was
tested using pool siRNA at the final concentration of 50 nM/
each and then evaluating M2 receptor expression by western blot
analysis 48 h after transfection.

Western blot
Western Blot Analysis on T24, 5637 and HT1197 for M2

receptor was performed as previously described.28 The primary
antibody against human anti-M2 mAChR was purchased from
Abcam (Cat. N. ab2805) (dilution 1:500 v/v). U251 glioblas-
toma cell line was used as positive control for M2 receptor
expression.28

Cell migration assay
Transwell filter chambers were used for the assay (8 mm pores,

BD Biosciences). Semi-confluent T24, HT1997 or 5637 cells were
resuspended in serum free medium, seeded at 5£104/well in the
upper Boyden chamber and incubated at 37�C for 21 hours. The
lower chamber contained DMEM-F12, DMEM or RPMI with
10% FCS. Afterwards, the inner side of the insert was wiped with a
wet swab, in order to remove the cells and the outer side of the insert
gently rinsed with PBS and stained with 0.25% crystal violet
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(Sigma) for 15 min, rinsed again, and then allowed to dry.
Migrated cells were counted (8 fields per chamber) under a light
microscope. Arecaidine was added at different concentrations in
both the upper and the lower part of each chamber. Experiments
were repeated 3 times in duplicate.

Immunohistochemistry
Sections from each of the FFPE normal and cancer samples

were examined by immunohistochemistry using the Vectastain
ABC kit (Vector Laboratories) after de-paraffination in xylene/
ethanol. Antigen retrieval was performed in Tris-EDTA pH 9.0
prior to incubation with the anti-human M2 receptor at 4�C
overnight (5 mg/ml, Abcam Cat. N. ab2805). The sections were
counterstained with Mayer’s hematoxylin. Ten representative
fields/section were selected and the positive cells were counted
under a light microscope.

Immunofluorescence
Human primary dermal fibroblast cultures were fixed with 2%

paraformaldehyde and permeabilized with 0.1% Triton X-100
solution (Sigma-Aldrich). Cells were then incubated overnight at
4�C with anti-human M2 receptor purified antibody (Abcam) fol-
lowed by incubation with secondary antibody fluorescein-conju-
gated (AlexaFluor 488 or 594, Invitrogen). Cells were
counterstained with DAPI (diamidino-2-phenylindole) before ana-
lyzed by a fluorescence microscope LEICA DM 4000B (Leica
Microsystems).

Quantitative PCR (qPCR)
Total RNA was extracted from FFPE sections and TCC cell

lines with the “RNeasy FFPE Kit” (Qiagen, Venlo, Netherlands)
and quantified by spectrophotometer. RNA (1 mg) was reverse
transcribed with the “Quantitek Reverse Transcription Kit” (Qia-
gen, Netherlands). Primers for qPCR were designed by using the
GenBank nucleotide database and the online software available
from Genscript (www.Genscript.com). Primer sequences used are:
1) 18 s; Forward primer: 50-gcaattattccccatgaacg-30; Reverse
primer: 50-gggacttaatcaacgcaagc-30; 2) M2; Forward primer: 50-
gatggcctggagcacaaca-30; Reverse primer: 50-gctgcttagtcatcttcacaac-
30; 3) M1; Forward primer: 50-acgctctactggcgcatcta-30, Reverse
primer: 50-gccttcgtcctcttcctctt-30; 4) M3; Forward primer: 50-
cgctccaaccaggaggaagta-30, Reverse primer: 50-ggagttgaggatggtgctgt-
30. qPCR amplification was performed by using the Biorad
CHROMO4 System (Bio-rad Laboratories, USA) and the Power

SYBR green Master Mix (Applied Biosystems, USA). PCR condi-
tions included: 2 min at 50�C, and 10 min at 95�C, followed by
45 cycles of 95�C for 15 s, 60�C for 30 s, and 72�C for 30 s.
qPCR data were analyzed by using the Bio-Rad Instrument Gene
Expression Analysis Software. Quantification was performed using
a comparative CTmethod (CTD threshold cycle value).28

Statistical analysis
Statistical analysis was performed using unpaired 2-tail t-test.

For multiple comparisons, the One-way analysis of variance
(ANOVA) test and Bonferroni post-hoc test were used. Data are
expressed as mean § SD unless specified and plotted using
GraphPad Prism 5 software (San Diego, USA). The results were
considered statistically significant at P < 0.05.
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