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CHRM3 is a novel prognostic factor of poor  
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Abstract: Endometrial carcinoma is the most common gynecologic malignancy. Searching for a new molecule to 
more accurately predict survival of patients and act as therapy target is urgent. CHRM3 is a major player in many 
kinds of cancer. The expression level and prognostic value of CHRM3 in endometrial carcinoma remain unclear. In 
this study, we assayed the expression of CHRM3 in 257 endometrial carcinoma patients by immunohistochemistry. 
The results showed that CHRM3 expression level was closely correlated with the FIGO stage, vascular invasion and 
lymphatic metastasis. Although CHRM3 was highly expressed in advanced endometrial carcinoma, multivariate Cox 
proportional hazards regression analysis showed that CHRM3 expression was not an independent prognostic factor 
for endometrial carcinoma. Furthermore, to evaluate the prognostic efficiency of CHRM3 in endometrial carcinoma, 
we compared the sensitivity and specificity of CHRM3 in endometrial carcinoma prognosis by logistic regression. 
The result showed that CHRM3 combining with other clinicopathological risk factors was a stronger prognostic 
model than clinicopathological risk factor alone or combination of risk factors. Thus, CHRM3 potentially offers a 
clinical value in target therapy for endometrial carcinoma patients.
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Introduction 

Endometrial carcinoma is the most common 
gynecologic malignancy. Incidence rates and 
death rates of this cancer are increasing year 
by year. In the United States, an estimated 
52630 new cases are expected to be diag-
nosed in 2014, with 8590 women succumbing 
to their disease [1]. Early-stage patients have 
good prognosis and high cure rate. However, 
those with advanced stage symptom including 
metastasis may have poor prognosis. Therefore, 
there is an urgent need for finding new mole-
cules with prognostic value to more accurately 
predict survival of endometrial carcinoma 
patients and to cure this disease efficiently. 

Cholinergic nerves provide an important input 
to the uterus. Uterine activity is innervated by 
cholinergic system occurring in the uterine 
body and cervix from several species, and its 
contraction is regulated by released acetylcho-

line. This effect is mediated by the interaction 
of acetylcholine with muscarinic choline recep-
tors (CHMRs). Muscarinic receptors belong to 
the superfamily of G protein-coupled receptors 
and are widely expressed in numerous organs 
and tissues, such as the central nervous sys-
tem, salivary glands, heart, arteries, digestive 
organs, bladder, uterus, skeletal muscle, and 
smooth muscle. They are involved in signal 
transduction, secretion, peristalsis, and muscle 
contraction [2-5]. Molecular cloning studies 
have identified five CHMRs genes, each gene 
corresponding to the subtypes M1, M2, M3, M4 
and M5 receptors (CHRM1-5) [6, 7]. The musca-
rinic receptor subtypes responsible for mediat-
ing contraction of the myometrium have been 
investigated in a few animal species. In the 
guinea-pig uterus, the contractile response was 
triggered mainly by M3 receptors via the inosi-
tol phosphate pathway [8]. In the rat uterus, 
previous study had demonstrated the expres-
sion of both M2 and M3 muscarinic receptors 
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and the physiological significance of M3 sub-
type in cholinergic uterine contractions [9]. In 
the porcine uterus, the existence of M3 sub-
type but not M2 muscarinic receptor have been 
indicated by functional and radio-ligand binding 
assays [10]. And in the mouse uterus, both M2 
and M3 muscarinic receptors are expressed, 
but uterine contractions were predominantly 
mediated by the M3 receptor, because carba-
chol-induced contractions occurred in M2 
knockout mice but did not occur in M3 knock-
out mice [11]. All these findings suggest that 
the muscarinic receptors expression exist spe-
cies-related variations and M3 muscarinic 
receptor play a major role in mediating contrac-
tions of the uterus. 

Although CHRM3 is expressed in uterus and 
mainly mediate uterine contractions, its expres-
sion level and prognostic value in endometrial 
carcinoma remain unclear. In this study, the 
CHRM3 expression level in endometrial carci-
noma tissues was detected by immunohisto-
chemistry, the correlation between variables 
and overall survival (OS) was analyzed by Cox 
proportional hazards regression, the prognos-
tic accuracy of CHRM3 was compared with 
other clinicopathological risk factors by logistic 
regression, and the prognostic efficacy of 
CHRM3 in endometrial carcinoma patients was 
assessed.

Materials and methods

Patients and tumor samples

In this study, 257 formalin-fixed paraffin-
embedded (FFPE) endometrial carcinoma tis-
sue samples were obtained between April 
2003 and March 2013 from Shanghai Jiao 
Tong University Affiliated Sixth People’s Hos- 
pital, China, the Shanghai Changning District 
Central Hospital, China, and the First People’s 
Hospital of Huai’an City, Jiangsu, China. We 
excluded patients who had history of other 
solid tumors, underwent radical surgery treat-
ment, radiotherapy, chemotherapy, or other 
anticancer therapies prior to surgery, had no 
complete clinicopathological and follow-up 
data, and without completed informed consent 
and approval of the ethics committee of each 
hospital for the use of samples. Two patholo-
gists reassessed all these samples. The FFPE 
tissue samples comprised at least 80% tumor 
cells. OS was defined as the time from the date 

of surgery to the date of death or the last follow-
up examination.

Tissue microarray construction

Tissue microarrays were constructed by Shang- 
hai Zuoli Biotechnology Co., Ltd (Zuoli Bio- 
technology Co, Shanghai, China). Pathologists 
stained tissue slice of EC samples with hema-
toxylin-eosin to confirm the diagnoses and 
marked at fixed points which displayed the 
most typical histological characteristics under 
a microscope. Cores with 1.1-mm diameter 
from per-donor block were diverted into a recip-
ient block microarray. Four-micrometer-thick 
sections were cut from the recipient block and 
diverted to glass slides used with an adhesive 
tape transfer system in order to ultraviolet 
cross linkage.

Immunohistochemistry

The tissue microarray glass slides were depar-
affinized through xylene, 50% xylene and 
hydrated via gradient concentrations of ethanol 
(in 100, 95, 85, and 75% ethanol for 10 min, 
respectively). Antigen retrieval was performed 
in 0.01 M citrate buffer (pH6.0) for 30 min at 
100°C. Tissue sections were blocked for per-
oxidase activity with 0.3% Hydrogen peroxide at 
37°C for 30 mins and then washed by 
Phosphate Buffered Saline (PBS) solution. 
Subsequently, the sections were blocked with 
10% BSA for 1 h at room temperature. Then the 
tissues were incubated with CHRM3 antibody 
(1:100; Abcam Biotechnology, Cambridge, UK) 
overnight at 4°C. Next day, the tissues were 
washed with PBS for three times and incubated 
with goat anti-rabbit IgG-HRP (HUABIO) second-
ary antibody for one hour at room temperature. 
The slides were visualized using DAB substrate 
liquid (Thermo Scientific, USA) and chromogen-
ic reaction was controlled under microscope. 
After immunostaining, tissues were immersed 
into hematoxylin for nuclear staining. The slides 
were then dehydrated through gradient concen-
trations of ethanol, cleared with xylene, and 
covered with neutral balsam. 

Scoring was conducted according to the per-
centage of positive staining cells [12]; 0-5% 
scored 0, 6-35% scored 1, 36-70% scored 2, 
and more than 70% scored 3. The final score 
was designated as Low expression or High 
expression group as follows: score 0-1, Low 
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expression, score 2-3, High expression. These 
scores were determined independently by two 
senior pathologists.

Statistical analysis

Statistical analysis were conducted using SPSS 
19.0 software (Chicago, IL, USA). ROC curves 
were performed to compare the prognostic 
accuracy of CHRM3 with clinicopathological 
risk factors in all patients by logistic regression. 
For survival analysis, the Kaplan-Meier method 
was used to analyze the correlation between 
OS and variables, and the log-rank test was 

used to compare survival curves. Univariate 
analysis was based on the Cox proportional 
hazard regression model, and multivariate 
analysis was based on the Cox proportional 
hazard regression model with stepwise manner 
(forward: condition, entry α = 0.05, stay α = 
0.1). Statistical significance was set at 0.05.

Results

CHRM3 expression in endometrial carcinoma 
patients

To determine the CHRM3 expression in endo-
metrial carcinomas, we performed immunohis-
tochemistry (IHC) study using tissue microar-
rays that contained 257 endometrial carcinoma 
samples. The clinicopathological characters of 
the samples were shown in Table 1. IHC scores 
of tissue samples were shown in Table 2. 
Representative stains of CHRM3 scored as 0, 
1, 2 and 3 were shown in Figure 1. CHRM3 
expression existed significant difference in 
endometrial carcinomas. The correlation be- 
tween CHRM3 expression and the clinicopatho-
logical features was shown in Table 3. Statistical 

Table 1. Clinicopathological characters of endometrial carcinoma patients
Number %

Age (years)
    < 45 24 9.3
    ≥ 45 233 90.7
Pregnancy
    No 13 5.1
    Yes 244 94.9
Pathological type
    Adenocarcinoma 233 90.7
    Squamous carcinoma, papillary serous carcinoma, and clear cell carcinoma 24 9.3
Stage
    I 216 84.0
    II 19 7.4
    III and IV 22 8.6
Grade
    G1 144 56.1
    G2 78 30.3
    G3 35 13.6
Vascular invasion
    No 235 91.4
    Yes 22 8.6
Lymphatic metastasis
    No 243 94.6
    Yes 14 5.4

Table 2. IHC scores for CHRM3 expression in 
257 endometrial carcinoma patients

CHRM3 %
Score
    0 16 6.2
    1 111 43.2
    2 38 14.8
    3 92 35.8
Total 257 100.0
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analysis revealed that the CHRM3 protein 
expression level was closely correlated with the 
FIGO stage, vascular invasion and lymphatic 
metastasis but not with pregnancy, grade, or 
pathological type in the endometrial carcino-
mas. Moreover, the CHRM3-high expression 
rate was higher than CHRM3-low expression 
rate in stage III and IV patients, or in patients 
with vascular invasion, or in patients with lym-
phatic metastasis. These results suggest that 
CHRM3 might be associated with metastasis 

and lead to a poor prognosis in endometrial 
carcinoma. However, the prognostic value of 
CHRM3 in human endometrial carcinoma 
remains unclear.

CHRM3 was a prognostic factor for the overall 
survival (OS) of endometrial carcinoma pa-
tients 

The correlation between CHMR3 expression 
status and OS was evaluated by Kaplan-Meier 

Figure 1. Representative immunohistochemical stains for CHRM3 in endometrial carcinoma patients.
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method. The OS of the CHMR3-low expression 
group was significantly better than the CHRM3-
high expression group (Figure 2F). A univariate 
analysis using Kaplan-Meier method showed 
that the pathological type, stage, grade, vascu-
lar invasion, lymphatic metastasis, and CHRM3 
were predictors of OS in the endometrial carci-
noma patients (Figure 2A-F). In addition, OS of 
CHRM3-high expression group was significantly 
worse than that of the CHRM3-low expression 
group for advanced endometrial carcinoma 
patients who in stage II, III and IV or in grad 2 
and 3 (Figure 3A, 3B). In no lymphatic metasta-
sis EC patients, however, the OS of CHRM3-low 
expression group was also remarkably better 
than that of CHRM3-high expression group 
(Figure 3C). Furthermore, univariate Cox pro-
portional hazards regression analysis indicated 
that pathological type, stage, grade, vascular 
invasion, lymphatic metastasis and CHRM3 
were hazardous prognostic factors for the OS of 
endometrial carcinoma patients. However, mul-
tivariate Cox proportional hazards regression 
analysis showed that CHRM3 expression was 

not an independent prognostic factor for endo-
metrial carcinoma (Table 4). These results sug-
gested that CHRM3 was a prognostic factor for 
the OS of endometrial carcinoma patients, but 
was not an independent prognostic factor.

The sensitivity and specificity of CHRM3 for 
endometrial carcinoma prognosis

To further confirm the prognostic accuracy of 
CHRM3 in endometrial carcinoma, the sensitiv-
ity and specificity of CHRM3 in endometrial car-
cinoma prognosis were compared by logistic 
regression. For receiver operating characteris-
tic curve (ROC) analysis, eight models were 
constructed including CHRM3, a single clinico-
pathological risk factor, combinations of clini-
copathological risk factors, and CHRM3 com-
bined with clinicopathological risk factors. 
Then, an ROC curve comparing the prognostic 
accuracy of CHRM3 with that of other clinico-
pathological risk factors was performed (Figure 
4). The area under the curve (AUC) was 0.641 
for pathological type, 0.802 for stage, 0.682 

Table 3. Relationship betweenCHRM3 expression and clinicopathological features of endometrial 
carcinoma patients

CHRM3
P Value

Low % High %
Age (years)
    < 45 11 4.3 13 5.1 0.831
    ≥ 45 116 45.1 117 45.5
Pregnancy
    No 5 1.9 8 3.1 0.571
    Yes 122 47.5 122 47.5
Pathological type
    Adenocarcinoma 119 46.3 114 44.4 0.133
    Squamous carcinoma, papillary serous carcinoma, and clear cell carcinoma 8 3.1 16 6.2
Stage
    I 113 44.0 103 40.1 0.009**
    II 10 3.9 9 3.5
    III and IV 4 1.5 18 7.0
Grade
    G1 71 27.6 73 28.4 0.796
    G2 37 14.4 41 16.0
    G3 19 7.4 16 6.2
Vascular invasion
    No 122 47.5 113 44.0 0.013*
    Yes 5 1.9 17 6.6
Lymphatic metastasis
    No 125 48.6 118 45.9 0.011*
    Yes 2 0.8 12 4.7
*, P < 0.05; **, P < 0.01. 
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Figure 2. Univariate analyses of factors associated with overall survival (OS) in endometrial carcinoma patients by 
Kaplan-Meier method and log-rank test. OS according to (A) Pathological type; (B) stage; (C) grade; (D) vascular inva-
sion; (E) lymphatic metastasis; (F) CHRM3 expression.
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for grade, 0.693 for vascular invasion, 0.756 
for lymphatic metastasis, 0.663 for CHRM3, 

0.894 for combined clinical prognostic factors, 
and 0.930 for CHMR3 and combined clinical 

Figure 3. Prognostic significance of CHRM3 
expression was assessed for all 257 samples 
by Kaplan-Meier method and log-rank test. A. 
Comparisons of OS between CHRM3 low ex-
pression and CHRM3 high expression groups 
in G2 and G3 cohort. B. Comparisons of OS 
between CHRM3 low expression and CHRM3 
high expression groups in stage II and stage III 
and IV cohort. C. Comparisons of OS between 
CHRM3 low expression and CHRM3 high ex-
pression groups in no lymphatic metastasis 
cohort.

Table 4. Univariate & multivariate cox proportional hazards model to predict factors associated with 
OS of endometrial carcinoma patients 

Variable
Univariate Multivariate 

Hazard Ratio (95% Cl) P value Hazard Ratio (95% Cl) P value
Age 0.405 (0.087-1.891) 0.250 0.362 (0.033-3.956) 0.405
Pregnancy 0.509 (0.065-3.982) 0.520 8.789 (0.219-353.313) 0.249
Pathological type 6.180 (1.787-21.372) 0.004** 0.110 (0.007-1.672) 0.112
Stage 4.703 (2.435-9.081) < 0.001** 1.536 (0.421-5.602) 0.515
Grade 2.595 (1.254-5.370) 0.010* 1.623 (0.543-4.852) 0.386
Vascular invasion 18.851 (5.389-65.940) < 0.001** 1.373 (0.189-9.986) 0.754
Lymphatic metastasis 47.233 (11.65-191.492) < 0.001** 63.766 (4.493-904.945) 0.002**
CHRM3 4.249 (0.918-19.673) 0.046* 2.792 (0.458-17.026) 0.266
*, P < 0.05; **, P < 0.01.
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We investigated the status of CHRM3 expres-
sion in a large number of endometrial carcino-
ma tissues, and we showed that CHRM3 was 
highly expressed in patients with advanced 
endometrial carcinoma. CHRM3 expression 
was significantly correlated with FIGO stage, 
vascular invasion and lymphatic metastasis in 
endometrial carcinoma samples. These results 
suggested that M3 receptor high expression 
may be involved in the cancer metastasis and 
poor prognosis in endometrial carcinoma. 
Overexpression of CHRM3 may represent an 
prognostic factor for endometrial carcinoma 
patients influencing OS. Patients with higher 
CHRM3 expression had a shorter overall sur-
vival time, whereas patients with lower CHRM3 

prognostic factors (Table 5). Statistical analy-
ses showed that AUC for CHRM3 combined 
with other clinicopathological prognostic fac-
tors was higher than any individual factor or 
other clinicopathological prognostic factors’ 
combination. These results indicated that 
CHRM3 combined with other clinicopathologi-
cal prognostic factors had more sensitivity and 
specificity and was a stronger prognostic model 
than the single risk factor or their combination.

Discussion 

Endometrial carcinoma, which is a tumor within 
the female genital system, remains a leading 
cause of women death. Thus, searching for new 
prognostic markers to assess prognosis or act 

as pharmacological tar-
get are urgent for this 
disease.

CHRM3 is one of the 
five muscarinic recep-
tors which plays an 
important role in many 
pathological processes. 
Recent studies have 
shown that CHRM3 is a 
major player in many 
kinds of cancer, like 
colon cancer, gastric 
cancer, breast cancer, 
and lung cancer [13-
17]. It has been shown 
that acetylcholine (Ach) 
promotes proliferation 
and cell migration of 
several cancers through 
CHRM3, and that such 
promotion can be inhib-
ited by CHRM3 antago-
nists [18, 19]. This sug-
gests that inhibition of 
CHRM3 may be a novel 
therapeutic approach. 
We have known uterine 
contraction is induced 
via activation of CHR- 
M3. However, the corre-
lation between the CH- 
RM3 expression and 
prognostic value in en- 
dometrial carcinoma re- 
mains unclear.

Figure 4. ROC curve compares the prognostic accuracy of CHRM3 with clinicopatho-
logical risk factors in all 257 endometrial carcinoma patients by logistic regression.

Table 5. The area under the ROC curve.
Variable AUC area (95% Cl) P value
Pathological type 0.641 (0.449-0.833) 0.113
Stage 0.802 (0.644-0.959) 0.001**
Grade 0.682 (0.514-0.850) 0.041*
Vascular invasion 0.693 (0.502-0.883) 0.031*
Lymphatic metastasis 0.756 (0.571-0.942) 0.004**
CHRM3 0.663 (0.516-0.810) 0.067
Combined clinical prognostic factors 0.894 (0.769-1.000) 0.000**
CHMR3 and combined clinical prognostic factors 0.930 (0.861-0.999) 0.000**
*, P < 0.05; **, P < 0.01.
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expression had better survival. These results 
are consistent with the previous reports con-
cerning the roles of muscarinic receptors in the 
carcinogenesis and progression of cancer. 
From these results, we can see that CHRM3 
may become a valuable predictor for prognosis 
among endometrial carcinoma patients. We 
compared the prognostic accuracy of CHRM3 
with other clinicopathological risk factors. The 
results showed that CHRM3 combined with 
other clinicopathological risk factors was a 
stronger prognostic model.

The limitations of our study are mainly in follow-
up time and sample size for advanced endome-
trial carcinoma patients. In addition, as an ini-
tial report of the potential role of CHRM3 in 
endometrial carcinoma, further work, such as 
prospective study and molecular mechanism of 
CHRM3, are still needed.

In conclusion, our study shows that CHRM3 
expression was associated with FIGO stage, 
vascular invasion, and lymphatic metastasis. 
Moreover, CHRM3 combined with other cli- 
nicopathological risk factors is a better prog-
nostic tool. M3 receptor may be a novel anti-
neoplastic therapy in the advanced endometri-
al carcinoma.
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