Tumor Biol. (2013) 34:3939-3944
DOI 10.1007/s13277-013-0982-x

RESEARCH ARTICLE

High expression of M3 muscarinic acetylcholine receptor
is a novel biomarker of poor prognostic in patients
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Abstract We assessed the expression of M3 receptor in non-
small cell lung cancer (NSCLC) and determined its relation-
ship with clinicopathological features and its impact on
patient outcome. Specimens from 192 patients with NSCLC
were investigated by immunohistochemistry for M3 receptor
and Ki67 expression. Correlation between the expression of
M3 receptor and Ki67 and various clinicopathological fea-
tures of NSCLC patients was analyzed. We found that M3
receptor expression was gradually elevated from normal to
metaplasia/dysplasia tissues to cancer tissues. Furthermore,
there was a similar trend for Ki67 expression. Statistical
analysis revealed that M3 receptor expression in tumor cells
were correlated significantly with stage (P<0.0001), histol-
ogy type (P=0.0003), Ki67 expression (P<0.0001), tumor
size (P<0.0001), lymph node status (P<0.0001), LVS inva-
sion (P=0.0002), and histology grade (P<0.0001). Patients
with M3 receptor high expression showed far lower disease-
free survival (DFS) and overall survival (OS) rates than those
with M3 receptor low expression. Multivariate Cox regres-
sion analysis demonstrated that high M3 receptor expression
was an independent prognostic factor for both DFS and OS.
High M3 receptor expression correlates with poor survival in
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NSCLC patients. M3 receptor expression may be related
with tumor progression in NSCLC, indicating that M3 re-
ceptor may be a novel antineoplastic target in the future.
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Introduction

Lung cancer is one of the leading causes of cancer deaths
worldwide [1]. Of all the lung cancer cases, approximately
80 % of lung cancers are non-small cell lung cancer
(NSCLC). NSCLC is classified into three types: adenocarci-
noma, squamous cell carcinoma, and large-cell carcinoma
based on histologic and immunophenotypic characteristics
[2]. Despite major advances in surgical techniques, lung
cancer patients have an overall 5-year survival rate of 15 %
[3]. With regard to this, novel therapeutic approaches are
urgently needed in patients with NSCLC.

Acetylcholine is an important neurotransmitter in the
central and peripheral nervous systems. In addition to neu-
ronal production and release at nerve synapses, acetylcholine
can be produced and released by nonneuronal cells to mod-
ulate cell function. Furthermore, recent researches support
the importance of muscarinic acetylcholine receptor (M1—
MS5R) expressions and activation in cancers. Muscarinic
stimulation of cancer growth has been reported in colon
[4], lung [5], glial [6], and prostate [7] cancer. In ovarian
cancer, expression of muscarinic receptors correlates with a
poor prognosis [8]. In breast cancer, Espanol et al. [9] dem-
onstrated that M1R and M2R expression levels are associat-
ed with angiogenesis, whereas M1R, M2R, and M3R are
involved in cell proliferation. Proliferation of breast cancer

@ Springer



3940

Tumor Biol. (2013) 34:3939-3944

cells is regulated by postmuscarinic receptor activation of
extracellular signal-regulated kinas (ERK) signaling [10]. In
colon cancer, Cheng et al. concluded that luminal bile acids
stimulate colon cancer cell proliferation by interacting with
M3R and inducing transactivation of epidermal growth factor
receptor (EGFR). In colon cancer cells, agonist binding to M3R
results in MMP-7 activation which cleaves pro-heparin-binding
epidermal growth factor (HB-EGF), thereby releasing HB-EGF,
an EGFR ligand [11]. Post-EGFR signaling, mediated by ERK
activation, stimulates cell proliferation [4]. Strong evidence
demonstrates that lung cancer cell lines synthesize and secrete
Ach to act as an autocrine growth factor, which provides a basis
for understanding the effects of nicotine in cigarette smoke on
lung cancer growth [5]. ACh stimulates lung cancer cell prolif-
eration by interacting with either nicotinic acetylcholine recep-
tors or muscarinic receptors. In SCLC, acetylcholine stimulates
cell growth via M3 muscarinic mechanisms that involve in-
creased [Ca2+]l and increased phosphorylation of mitogen-
activated protein kinase (MAPK) [12]. In NSCLC, nicotine
stimulates cell growth through AKT- and MAPK-dependent
mechanisms [13] and that modulation of Akt signaling path-
ways may provide a target for directed therapy [14].

In this study, we investigated M3 receptor expression in
cancer and adjacent normal tissues from 192 patients with
NSCLC by immunohistochemical staining. We further in-
vestigated the relationship between M3 receptor expression
of tumor cells and some important clinicopathologic charac-
teristics, such as sex, age, smoking, lymph node state, histo-
logic type, and Ki67 expression in NSCLC. We discussed
whether M3 receptor expression in NSCLC could negatively
correlate with survival of patients.

Materials and methods
Patients and tumor sample

Diagnostic tumor samples were obtained from patients who
were diagnosed between the period 2003 and 2005 after prior
approval of the local Institutional Review Board. They re-
ceived care and regularly follow up at the Affiliated Tumor
Hospital of Harbin Medical University for 5 years. None of the
patients had received chemotherapy or radiation therapy prior
to surgery or died in the peri- or postoperative time period
(within 45 days after surgery). The tumor sample was histo-
logically classified according to the criteria of the World Health
Organization. Postsurgical pathologic stage was determined by
the current tumor-node metastasis (TNM) classification.

Immunohistochemical staining

The following primary antibodies were used for immuno-
histochemical staining: rabbit polyclonal immunoglobulin
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(Ig) G specific for M3 receptor (dilution, 1:250; Abcam,
USA) and rabbit polyclonal IgG specific for Ki67 (dilution,
1:200; Santa Cruz Biotechnology, Carpinteria, CA). Formalin-
fixed, paraffin-embedded tissue samples (4-um thick) were
deparaffinized with xylene and hydrated through graded alco-
hol and rinsed in phosphate-buffered saline (PBS). Antigen
retrieval was done by heating samples in a steamer for 10 min
with 10 mmol/L sodium citrate (pH 6.0). We performed protein
blocking by incubating samples for 30 min in 10 % bovine
serum albumin in TBS with 0.5 % Tween 20. Primary antibody
incubation was done overnight at 4 °C. Samples were next
washed with PBS and incubated for 30 min with secondary
antibody and then stained with 0.02 % DAB and 0.02 %
H202 in 0.05 M Tris—HCI buffer for10 min. Finally, samples
were lightly counterstained with 10 % Mayer’s hematoxylin,
dehydrated, mounted, and observed. The negative controls
were substituting mouse (for mAb) or rabbit (for poly Ab)
nonimmune IgG for the primary antibody and omitting the
primary antibody in the staining protocol.

Immunohistochemical staining assessment

M3 receptor staining was mainly localized in the cell mem-
brane in the vast majority of cancer tissues. Staining for M3
receptor was assessed in a series of randomly selected ten
high-power fields, and they were believed to be representative
of the average in tumors at x400 magnification. The sections
were scored by combining the proportion and intensity of
positively stained tumor cells. The proportion of positively
stained tumor cells was scored as follows: 0 (no positive tumor
cells), 1 (<10 % positive tumor cells), 2 (10-50 % positive
tumor cells), and 3 (>50 % positive tumor cells). Staining
intensity was classified according to the following criteria:
0 (no staining), 1 (weak staining: light yellow), 2 (moderate
staining: yellow brown), and 3 (strong staining: brown). Stain-
ing index (SI) was calculated as the staining intensity score X -
the proportion score. Using this method, we evaluated the
expressions of M3 receptor in NSCLC samples by determin-
ing the SI, with scores 0, 1, 2, 3, 4, 6, or 9. M3 receptor cutoff
values were based on measuring heterogeneity by the log-rank
test with regard to overall survival (OS). The SI score of 4 (a
cutoff point) was used to distinguish between low and high
expression of M3 receptor. Assessment of the staining was
scored independently by two investigators (Di Wang and
Yanying Wang) without knowledge of the clinicopathological
findings. The scoring staining and allocation of tumors by the
two investigators were similar. Cases with discrepancies were
rereviewed simultaneously by the original two pathologists
and a senior pathologist until a consensus was reached.

Ki67 staining is mainly located in the nuclear of colorectal
proliferative cells. Only cells with a distinct nuclear Ki67
staining were considered as positive, and the percentage of
immunoreactive nuclei was calculated by counting in a series
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of randomly selected ten microscopic fields (corresponding
to a total of at least 100 tumor cells) under high-power
magnification (x400). Finally, the patients were divided into
two groups including Ki67-negative groups (<10 %) and
Ki67-positive groups (>10 %).

Statistical analysis

All data were analyzed by statistics software (SPSS 13.0 for
Windows; SPSS, Inc., Chicago, IL). Analyzed variables in-
cluded age, tumor size, histological type, depth of invasion,
lymph node status, venous and lymphatic invasion, TNM
stage, and expressions of M3 receptor and Ki67. The correla-
tion between expressions of M3 receptor and Ki67 and the
other variables was assessed by the chi-square and Fisher’s
exact tests. Bivariate correlations between two independent
variables were analyzed by calculating the Spearman’s corre-
lation coefficients. Survival analysis was performed using the
Kaplan—Meier method and compared by the log-rank test.
Prognostic relevance was evaluated by multivariate Cox re-
gression analysis. P<0.05 was considered as significant.

Results
Clinicopathologic features of NSCLC

One hundred ninety-two patients with NSCLC included in
this study ranged from 24 to 74 years, and the mean age at
the time of surgery was 59 years. One hundred four were
women and 88 were men. At the time of diagnosis, 77 were
stage I and 115 stages II-III. Patients data were analyzed
after a 5-year follow-up, and the information were obtained
in 92.8 % (192/207) of patients. The median overall sur-
vival was 41.1 months, and median disease-free survival
was 38.6 months.

Immunohistochemical expression of M3 receptor and Ki67
in NSCLC

M3 receptor was mainly detected in the cell membrane and
Ki67 in the nucleus of NSCLC and some inflammatory cells.
Overall, the frequency and intensity of M3 receptor expression

was gradually elevated from normal to metaplasia/dysplasia
tissues to cancer tissues. M3 receptor high expression
was observed in 103 cases (53.65 %) and low in 89 cases
(46.35 %) including samples without M3 receptor expres-
sion (Table 1). Furthermore, there was a similar trend for
Ki67 expression (as a proliferative index) from normal to
metaplasia/dysplasia tissues to cancer tissues. Ki67 posi-
tive expression was found in 120 cases (62.5 %) and
negative expression was found in 72 cases (37.5 %)
(Table 1).

Expression of M3 receptor in NSCLC and correlation
with clinicopathologic features

The association of M3 receptor expression with clinicopath-
ologic factors was shown in Table 2. The M3 receptor
expression in tumor cells were correlated significantly with
stage (P<0.0001), histology type (P=0.0003), Ki67 expres-
sion (P<0.0001), tumor size (P<0.0001), lymph node status
(P<0.0001), lymphatic vessel size (LVS), invasion
(P=0.0002), and histology grade(P<0.0001). It was not
correlated with age, sex, and smoking.

Univariate and multivariate analysis for prognosis of patients
with NSCLC

Both univariate and multivariate survival analysis was used
to evaluate the effect of M3 receptor, Ki67 expression,
smoking, and clinicopathological characteristics (including
age, histology type, histology grade, stage, tumor size,
lymph node status, LVS invasion, and so on) on prognosis.
Univariate Cox regression analysis identified that stage,
tumor size, lymph node status, LVS invasion, M3 receptor,
Ki67 expression, and smoking were prognostic factors
influencing both 5-year disease-free survival (DFS) and OS
(Table 3). By multivariate analysis, we further examined
prognostic parameters of NSCLC that were significant in
univariate analysis. LVS invasion, lymph node status,
TNM stage, M3 receptor, and Ki67 expression were inde-
pendent prognostic factors influencing both 5-year DFS and
OS (Table 4).

Table 1 M3 muscarinic acetyl-

choline receptor and Ki67 ex- M3 receptor Ki67
pressions in different lung tissues Variable expression P value expression P value
Low High Negative Positive
NM 47 0 <0.001 47 0 <0.001
Metaplasia/dysplasia 35 13 34 14
CA 89 103 72 120

NM normal
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Table 2 Clinicopathological features associated with M3 muscarinic
acetylcholine receptor expression in 192 non-small cell lung cancer
patients

Over Low P value

Patient no.

Gender
Male 50 54 0.0925
Female 53 35

Age (years)
>60 63 54 0.9446
<59 40 35

Smoking
Smokers 74 58 0.3196
Nonsmokers 29 31

Stage
1 27 50 <0.0001
T/1II 76 39

Histology type
Adenocarcinoma 78 45 0.0003
Non-adenocarcinoma 25 44

Ki67
positive 85 35 <0.0001
negative 18 54

Tumor size
Tl 24 49 <0.0001
T2/T3 79 40

Lymph node status
NO/N1 28 51 <0.0001
N2 75 38

LVS invasion
No 63 76 0.0002
Yes 40 13

Histology grade
1 20 43 <0.0001
T/1II 83 46

P values by Pearson’s chi-square test

Effect of M3 muscarinic acetylcholine receptor on patients’
survival

The Kaplan—Meier 5-year survival curves stratified for M3 re-
ceptor expression were provided in our study. High-expression
M3 receptor was clearly associated with poor 5-year DFS
(28.20 % vs. 44.44 %) and 5-year OS (35.56 % vs. >50 %) rate.
The median DFS was 38.6 months, and the median OS was
41.1 months. In adenocarcinoma, the 5-year DFS of M3 receptor
high expression patients was 25.64 %, and the 5-year OS was
32.05 %. However, the 5-year DFS of M3 receptor low expres-
sion patients was 46.67 %, and the 5-year OS was >50 %. In non-
adenocarcinoma, the 5-year DFS of M3 receptor high expression
patients was 26.67 %, and the 5-year OS was 33.33 %. Never-
theless, the 5-year DFS of M3 receptor low expression patients
was 43.75 %, and the 5-year OS was >50 %.
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Discussion

Lung cancer account for more than 25 % of cancer-related
deaths and about 15 % of new cancer cases annually [1]. The
discovery of novel molecular targets for its diagnosis and
treatment has the potential to improve the clinical strategy
and to predict patient’s outcome. Our research has showed
that M3 receptor expression may play an important role in
the carcinogenesis and progression of NSCLC. M3 receptor
high expression may be associated with unfavorable clinical
outcomes in NSCLC patients.

The importance of acetylcholine signaling via muscarinic
receptors has long been recognized in neuronal tissue. How-
ever, the role of muscarinic signaling in cancer has not
received enough attention until recently. Muscarinic receptor
expression is reported in tissues and cell lines derived from
cancers of the brain [15], breast, colon, lung, ovary, pancre-
as, prostate, skin [16, 17], stomach [18], and uterus.
Depending on the cell types involved, muscarinic signaling
can activate ERK, NF-kB [19], and phosphatidylinositol 3-
kinase/Akt [20] pathways which stimulate various aspects of
tumor malignancy such as proliferation, angiogenesis, cell
survival, and so on. This suggests that inhibition of M3
receptor may be a novel therapeutic approach.

We investigated the status of M3 receptor expression in
a large number of NSCLC tissues, and we showed that M3
receptor was highly expressed in patients with NSCLC.
Only weak or none expression of M3 receptor was ob-
served in normal tissues. M3 receptor expression was sig-
nificantly correlated with the expression of Ki67. We ob-
served that 103 of 192 NSCLC patients were high M3
receptor expression, and 120 of 192 NSCLC patients were
positive Ki67 expression. These results suggested that M3
receptor high expression may be involved in the NSCLC
carcinogenesis. Overexpression of M3 receptor may repre-
sent an independent prognostic factor for NSCLC patients
influencing both 5-year DFS and OS. Patients with higher
M3 receptor expression had a shorter overall survival time,
whereas patients with lower M3 receptor expression had
better survival. These results are consistent with the previ-
ous reports concerning the roles of muscarinic receptors in
the carcinogenesis and progression of cancer. Moreover,
the prognostic impact of the M3 receptor was statistically
higher than the LVS invasion, lymph node state, TNM
stage, and Ki67 expression in the multivariate analysis.
The biological function of M3 receptor in the aggressive-
ness of NSCLC was supported by significant correlations
between N and M classification and M3 receptor expres-
sion in NSCLC. From these results, we can see that M3
receptor may become a valuable predictor for prognosis
among NSCLC patients. Further studies are still needed on
the molecular mechanism underlying M3 receptor involve-
ment in the progression of NSCLC.
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Table 3 Univariate analysis for prognosis of patients with NSCLC
Variables Risk ratio DFS P Risk ratio (0N} P
95% CI 95% CI

Age (years)
<50/>60 1.428 0.613-2.570 0.276 1.646 0.760-3.523 0.223
Gender
Male/female 1.130 0.607-2.012 0.530 1.436 0.740-2.786 0.285
Histology type

Adenocarcinoma/non-adenocarcinoma 0.843 0.328-2.167 0.722 0.917 0.385-2.184 0.845
Histology grade

V1L, 111 2.655 0.818-8.615 0.104 3.628 0.871-15.105 0.077
Stage

V1L, 111 3.808 1.173-12.358 0.026 5.164 1.240-21.506 0.024
Tumor size

T1/T2, T3 4.441 1.579-12.487 0.005 5.336 1.635-17.413 0.006
Lymph node status

NO, N1/N2 4.240 2.015-8.921 <0.001 5.038 2.204-11.518 <0.001
LVS invasion

No/yes 3.500 1.770-6.922 <0.001 3.819 2.008-7.263 <0.001
M3 receptor

Low/high 3.283 1.562-6.903 0.002 3914 1.713-8.942 0.001
Ki67

positive/negative 2.125 1.096-4.122 0.026 2.640 1.272-5.476 0.009
Smoking

Never/ever 1.952 1.050-3.629 0.035 1.961 1.020-3.770 0.043

The upregulation of M3 receptor combined with smoking
by most lung cancer patients provides not only a proliferative
stimulus but also a pathway to target for new therapeutic
intervention. In SCLC cells, augmented cell proliferation is
observed following addition of eserine, and attenuated prolif-
eration is observed with hemicholinium-3 [5]. In colon cancer,
using eserine to inhibit Ach degradation results in potentiation

Table 4 Multivariate analysis for prognosis of patients with NSCLC

of cell proliferation, whereas reducing ACh production with a
choline transport inhibitor, hemicholinium-3, attenuates pro-
liferation [21]. In addition, an M3R-selective inhibitor re-
duced the size of small cell lung cancer xenografts in nude
mice [12], and genetic ablation of M3R reduces murine colon
tumor number and size [22]. This raises the possibility that M3
receptor may be a novel antineoplastic therapy in the future.

Variables DFS oS
HR (95% CI) P HR (95% CI) P

Age (years) <50/>50 2.745 (0.975-4.473) 0.0581 2.612 (0.968-4.361) 0.0603
Gender (male/female) 2.461 (0.681-4.702) 0.4903 2.364 (0.635-4.514) 0.5042
Smoking (never/ever) 2.832 (0.853-4.598) 0.0692 2.591 (0.803-4.190) 0.1283
LVS invasion (no/yes) 2.921 (1.101-4.629) 0.0161 2.770 (1.018-4.514) 0.0462
Tumor size (T1/T2, T3) 2.379 (0.479-4.846) 0.7436 2.253 (0.382-4.726) 0.7601
Histology grade (I/IL, 1IT) 2.925 (0.925-4.924) 0.0856 2.705 (0.918-4.802) 0.0928
Lymph node (NO, N1/N2) 2.943 (2.197-4.715) 0.0160 2.791 (1.014-4.691) 0.0395
TNM stage (I/IL, I1I) 3.105 (2.108-4.832) 0.0084 2.851 (1.218-4.635) 0.0179
M3 Receptor expression (low/high) 3.931 (2.125-4.817) 0.0038 2.840 (1.195-4.824) 0.0131
Ki67 (positive/negative) 2.929 (2.184-4.928) 0.0046 2.829 (1.216-4.525) 0.0149
Histology types (adenocarcinoma/non-adenocarcinoma) 2.350 (0.501-4.725) 0.3829 2.307 (0.4205-4.391) 0.5913
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Inhibition of muscarinic receptor is practicable because oral
muscarinic antagonists are well tolerated and in wide clinical
use for overactive bladder [23], and inhaled muscarinic antag-
onists are widely used for chronic obstructive pulmonary
disease [24]. Anti-M3 receptor and its mechanism in the
treatment of different cancers were also studied [25-28].
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