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Abstract 
Introduction: Gastric cancer represents a real public health problem as far as incidence, aggressiveness and unfavorable prognosis are 
concerned. The autonomous nervous system might be one of the major factors involved in the onset, progression, and metastasis, both 
sympathetically and parasympathetically. The increased activation of the M3 muscarinic acetylcholine receptors (mAChRs) triggers pro-
oncogenic mechanisms, especially at a gastric level, through the activation of the Hippo signaling pathway and the increase of the nerve growth 
factor. Patients, Materials and Methods: In this study, biopsy or postoperative gastric resection pieces have been evaluated by histopathological 
(HP) and immunohistochemical (IHC) examination in a group of 77 gastric patients and 23 patients without an oncological diagnosis. To quantify 
the IHC signal, also considering the HP aspect, light microscopy images were obtained. Results: The M3 mAChR expression analysis has 
been correlated with the different gastric adenocarcinoma differentiation degrees (G1–G3). M3 mAChR presence has been observed also in 
the non-malignant gastric tissue, but it was significantly increased in the tumor tissue. The highest receptor expression was recorded in patients 
with a poorly-differentiated (G3) adenocarcinoma, these expressions decreasing with the increase of the differentiation degree towards 
moderately-differentiated (G2) and well-differentiated (G1). Conclusions: Surgical or pharmacological parasympathetic activity inhibition could 
decrease the development and progression of gastric tumors and could improve the gastric cancer patient’s prognosis. 

Keywords: gastric cancer, M3 muscarinic acetylcholine receptor, tumor grade, dysautonomia, parasympathetic nervous system. 

 Introduction 
Gastric cancer (or stomach cancer) continues to be one 

of the main public health problems due to its aggressiveness 
and unfavorable prognosis. According to the International 
Agency for Research on Cancer (IARC), in 2020, gastric 
cancer ranks 5th in terms of incidence (1 089 103 cases), 
representing 5.6% of the total cancer cases, and 4th in terms 
of mortality (768 793 deaths), meaning 7.7% of the total 
deaths caused by cancer. The gastric cancer cumulative 
risk (determined for people without any gastric cancer risk 
factors, between 0–74 years of age) is 1.87% for men, 
0.79% for women and 1.31% for both genders. In terms 
of deaths caused by gastric cancer, the cumulative risk  
is 1.29% for men, 0.55% for women and 0.9% for both 
genders. In terms of gender incidence, gastric cancer is 
more frequent in men, ranking 4th after lung cancer, 
prostate cancer, and colorectal cancer (15.8% of the total 
cancer cases), compared to women, where gastric cancer 
ranks 7th (7% of the total cancer cases) [1]. 

In Romania, gastric cancer has an incidence of 3970 
cases and ranks 7th with 4% of the total oncological cases, 

with a cumulative risk of 1.16%. In terms of mortality, this 
cancer type ranks 5th with 3246 deaths (6% of oncological 
deaths) and a cumulative risk of 0.9%. Gender difference 
is significant, incidence in men being 14.9% compared to 
5% in women [2]. The significantly increased difference 
between the number of gastric cancer cases in men, compared 
to women, is corelated with age and the increased socio-
economic status [3]. 

The main lifestyle factors involved are increased alcohol 
and tobacco consumption for men, the gastric cancer risk 
being approximately 59% for smokers and 50% for heavy 
drinkers [4, 5]. The biological factors involved in the 
significant difference in gastric cancer gender incidence 
are the sex hormones and metabolism. The level decrease 
of estrogens [6], dehydroepiandrosterone [7] or the level 
increase of the sex hormone-binding globulin (SHBG), 
following the deficit or resistance to androgens [8], are 
correlated with an increased gastric cancer risk. Sex 
hormones have a major role in the autonomous nervous 
system modulation through the synthesis and metabolism 
of neurotransmitters [9]. 
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The autonomous nervous system acts at the stomach 
level through a complex sympathetic and parasympathetic 
neuron network, which ensures the homeostasis of gastric 
motility and secretion, but also of the local blood flow. The 
sympathetic system and adrenergic signaling activation are 
involved in the progression and metastasis of gastric cancer, 
especially through inflammatory mechanisms, immunity, 
angiogenesis, and cellular apoptosis [10]. These disturbances 
are accentuated in the presence of chronic stress, through 
the increased serum levels of catecholamines and cortisol 
[11]. Also, the unfavorable evolution and the increased 
death rate in gastric cancer are correlated with high serum 
levels of catecholamine metabolites, metanephrine and 
normetanephrine, as well as with the increase in the number 
of norepinephrine transporter [12]. 

The parasympathetic nervous system is involved in 
molecular mechanisms that can inhibit or stimulate tumor 
growth, depending on the type of the muscarinic acetylcholine 
receptor (mAChR) involved. It has been proved that all the 
five subtypes of mAChR (M1–M5) are involved in the 
gastric homeostasis, even though each and every receptor 
class’s role has not been established clearly [13–15]. mAChR 
activity is increased in several gastrointestinal system cancer 
types, localized at the stomach, pancreas, and colon level. 

The mechanisms through which cholinergic transmission 
can inhibit oncogenesis are triggered by M1 mAChR 
signaling. These receptors decrease the epidermal growth 
factor receptor (EGFR) and mitogen-activated protein 
kinases (MAPKs) level and inhibit the phosphatidylinositol 
3-kinase (PI3K), protein kinase B (Akt) and mechanistic 
target of rapamycin (mTOR) intracellular signaling pathways. 

On the other hand, the increased activation of M3 mAChR 
causes the triggering of some prooncogenic mechanisms, 
especially at gastric level, through the Hippo signaling 
pathway activation and nerve growth factor (NGF) increase 
[16–18]. The Hippo signaling, accomplished especially 
through the transcriptional co-activator with PDZ-binding 
motif (TAZ) and Yes-associated protein (YAP) factors, 
communicates with Wingless-Int (Wnt)/β-catenin signaling. 
YAP activation is associated with an unfavorable gastric 
cancer evolution [19] and tumor growth in hepatic cancer 
in 50% of cases, while TAZ overestimation appears in 80% 
of the breast cancer patients. The increase in YAP and TAZ 
signaling pathways is involved also in the chemotherapy 
therapeutic resistance in several cancer types [20]. Both 
molecular mechanisms involved in the oncological patho-
genesis can be modulated through M3 mAChR activation 
[16]. In this context, the parasympathetic activity inhibition 
could decrease gastric tumor development and might improve 
the gastric cancer patients’ prognosis. 

Aim 

The aim of this study has been of evaluating the para-
sympathetic nervous system involvement in the evolution of 
gastric cancer. M3 mAChR expressions have been measured 
in both gastric cancer patients and patients without an 
oncological diagnosis, through histopathological (HP) and 
immunohistochemical (IHC) methods. Receptor densities 
have been analyzed according to tumor differentiation degree, 
considering that this HP factor is corelated with oncological 
progression. The understanding of the mechanisms through 
which the autonomous nervous system parasympathetic 
pathway is involved in gastric cancer can bring benefits 

concerning the diagnosis, treatment, and prognosis of 
gastric cancer. 

 Patients, Materials and Methods 
Patients 

The present study included 77 gastric cancer patients 
at the Emergency County Hospital of Craiova, Romania. 
After computed tomography (CT) examination, surgery was 
performed. HP diagnosis methods were different, depending 
on the stage of the oncological disease. Stages I–III patients 
had gastrectomy surgery and were diagnosed based on the 
resection piece, and stage IV patients were diagnosed based 
on the upper gastrointestinal endoscopy (UGE) biopsy. The 
patients included in the study had the gastric adenocarcinoma 
diagnosis with different differentiation degrees and did 
not benefit from chemotherapy. A number of 23 patients 
with gastric cancer suspicion were included in the study, 
but the diagnosis was invalidated through UGE biopsy. 
The present study was done in conformity with the rules 
and principles of the Ethics Committee of the University 
of Medicine and Pharmacy of Craiova, being approved 
by the Ethics Committee. All the patients were informed 
regarding this study and signed the informed consent upon 
enrollment. 

HP assessment 

The biopsy or surgical resection tumor fragments were 
fixed in 10% neutral buffered formalin, subsequently being 
included in paraffin. The paraffin blocks were sectioned 
using the HM 355S microtome, with a thickness of 5 μm. 
The sections obtained were applied both on simple slides 
and on slides with poly-L-lysine, and left for 24 hours in the 
thermostat at 37°C. For the slides’ staining, both classical 
and IHC stainings were used. For the classical stainings, 
Masson’s trichrome (MT) and Hematoxylin–Eosin (HE) 
kits were used. The process began with removing the 
paraffin from the slides in three successive xylene baths, 
each lasting 15 minutes. Tissue dehydration was done in 
alcohol baths with decreasing concentrations from 100%, 
to 96%, 90% and 70%, five minutes each. Subsequently, 
the slides were rehydrated in three distilled water baths, 
five minutes each. 

Staining was done differently, depending on the 
highlighted structure: the nuclei were marked with the help 
of Hematoxylin, the cytoplasm with the help of Eosin and 
for the collagen fibers MT staining was applied. After 
staining, the slides were passed through alcohol baths with 
increasing concentrations from 70% to 100%, five minutes 
each, and then were cleared in three xylene baths, for five 
minutes each. In the end, the slides were fixed with Canada 
balsam and analyzed with the microscope and photographed 
with the help of the Nikon Elipse 55i camera. 

IHC assessment 

For the IHC evaluation, the same steps from the 
paraffin removal, dehydration and rehydration protocol 
were done. After these steps, the antigenic unmasking was 
done with the help of the pH 6 citrate solution, for seven 
cycles, each cycle lasting three minutes, in the microwave at 
650 W. Subsequently, the slides were left to cool, washed 
in distilled water and introduced in 3% hydrogen peroxide 
solution. Through this procedure, the inactivation of the 
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endogenous peroxidase took place. In the next phase, the 
slides were washed in 1% phosphate-buffered saline (PBS) 
solution, then introduced in powdered milk solution for 
30 minutes, after which the main anti-M3 mAChR antibody 
NLS5259 was applied (1:10 dilution; Novus Biological, 
Abingdon, UK). 

Further, the slides were placed in wet rooms in the 
refrigerator for 18 hours at 4°C. After cooling, the slides 
were taken out at room temperature for 30 minutes, 
washed in PBS and the secondary antibody was applied 
for an hour. After this step, the slides were washed again 
in PBS and the developing with 3,3’-Diaminobenzidine 
(DAB) was done, which made the highlighting of the 
specific receptor in shades of brown possible. The nuclei 
were marked with Hematoxylin, the slides were dehydrated 
with increasing concentration alcohol solutions of 70%, 
90% and 96% and then introduced in xylene for clearing. 
The slide fixation was done with the help of Canada 
balsam. The tissues were marked off with the help of the 
hydrophobic marker. 

Image processing was done by quantifying the IHC 
signal, also considering the HP aspect. Light microscopy 
images were done using a motorized Nikon Eclipse 90i 
microscope. An optic microscopy image was initially 
obtained, followed by a mixed image (the Hematoxylin 
and DAB color spectra were separately overlapped onto 
this image). 

 Results 
The analyzed group included a number of 77 patients 

diagnosed with gastric cancer, which were evaluated in 
terms of demographics and specific oncological pathological 
characteristics (Table 1). Most of the patients were male 
(64.94%) over the age of 60 years old (53.25%). From 
the oncological point of view, the most cases had a tumor 
size less than 5 cm (54.55%), localized in the gastric body 
or pyloric area (84.42%), serous or neighboring organs 
tumor invasion T3–4 (59.74%), lymph node metastases in 
more than seven regional lymph nodes N2–3 (57.14%). 
According to the tumor–node–metastasis (TNM) staging 
system, 58.44% of the patients were diagnosed in the late 
stages III–IV. 

In this study, a number of 23 patients were included, 
which represented the control group. From these patients, 
which had an oncological diagnosis suspicion, a biopsy was 
taken by UGE. HP examination did not highlight oncological 
lesions and the gastric adenocarcinoma oncological diagnosis 
was invalidated (Figure 1A). In terms of differentiation degree, 
29 (37.66%) patients showed the well-differentiated (G1) 
adenocarcinoma type (Figure 1B), 26 (33.77%) of them 
had a moderately-differentiated (G2) degree (Figure 1C), 
and 22 (28.57%) patients were diagnosed with poorly-
differentiated (G3) gastric adenocarcinoma (Figure 1D). 

 
Figure 1 – Histopathological aspects of the biological samples from the patients included in the study: (A) Non-malignant 
aspect of gastric mucosa; (B) Well-differentiated (G1) gastric adenocarcinoma; (C) Moderately-differentiated (G2) gastric 
adenocarcinoma; (D) Poorly-differentiated (G3) gastric adenocarcinoma. Hematoxylin–Eosin (HE) staining: (A–D) ×200. 
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Table 1 – Demographic and oncological characteristics 
of the gastric adenocarcinoma patients’ group 

Demographic and oncological features n Percentage 

Gender 
Male 50 64.94% 

Female 27 35.06% 

Age group  
[years] 

<60 36 46.75% 

≥60 41 53.25% 

Tumor size  
[cm] 

<5 42 54.55% 

≥5 35 45.45% 

Histology Adenocarcinoma 77 100% 

Location 
Cardia 12 15.58% 

Gastric body or  
pyloric area 

65 84.42% 

Tumor  
invasion 

T1–2 31 40.26% 

T3–4 46 59.74% 

Lymph node 
metastasis 

N0–1 33 42.86% 

N≥2 44 57.14% 

TNM stage 
TI–II 32 41.56% 

TIII–IV 45 58.44% 

Tumor grade of 
differentiation 

G1 29 37.66% 

G2 26 33.77% 

G3 22 28.57% 

n: No. of cases; TNM: Tumor–node–metastasis. 

After corelating the HP and IHC results, a very low 
expression of M3 mAChR was observed in the patients 
with a non-malignant gastric mucous (Figure 2A). The fact 
that the M3 mAChR expression registered the highest 
density in poorly-differentiated (G3) tumors, which decreased 
progressively from moderately-differentiated (G2) degree 
to well-differentiated (G1) degree, was highlighted in the 
gastric adenocarcinoma patients (Figure 2, B–D). 

For the gastric cancer patients’ staging, CT imaging 
played an important role, which offered relevant information 
concerning the stage of the disease. In gastric adenocarcinoma 
patients, liver (Figure 3A) and lung (Figure 3B) metastases 
were highlighted, or tumor invasion in the liver, gallbladder, 
and pancreas (Figure 4, A–C). Imaging evaluation was also 
useful in the comparative evaluation of the tumor before 
chemotherapy (Figure 5A) and after treatment (Figure 5B). 

Depending on the result, the specific treatment was 
adjusted according to the current stage of the oncological 
disease. In the early stages I–III, patients were referred 
towards surgery for gastrectomy, and those in advanced 
stage IV followed a specific oncological treatment, depending 
on the HP and IHC exam. The gastric adenocarcinoma 
macroscopic assessment was done with UGE for advanced 
stage inoperable tumors (Figure 6A), or after surgery 
from the resection piece, for operable early-stage tumors 
(Figure 6B). 

 
Figure 2 – Aspects of M3 mAChR immunohistochemical expression depending on the tumor differentiation degree:  
(A) Non-malignant aspect of gastric mucosa; (B) Well-differentiated (G1) gastric adenocarcinoma; (C) Moderately-
differentiated (G2) gastric adenocarcinoma; (D) Poorly-differentiated (G3) gastric adenocarcinoma. Anti-M3 mAChR 
antibody immunomarking: (A–D) ×200. M3 mAChR: M3 muscarinic acetylcholine receptor. 
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Figure 3 – CT images highlighting metastatic lesions in a 
gastric adenocarcinoma patient: (A) Liver metastatic  

lesions; (B) Bilateral lung metastatic lesions.  
CT: Computed tomography. 

 

 

Figure 4 – (A–C) CT image of a gastric level tissue lesion,  
in the pyloric antrum, with a heterogenous structure and 

iodophilia, with the loss of the left and right hepatic  
lobe, gallbladder and cephalic pancreas region  

cleavage space, with perilesional fat infiltration. 

 

 
Figure 5 – (A) Gastric adenocarcinoma CT image which highlights parietal tissue thickening, iodophile, at the small 
gastric curvature level with the interest of the esophageal–gastric junction, before chemotherapy; (B) Gastric adeno-
carcinoma CT image after chemotherapy (therapeutic response assessment). 

 

Figure 6 – Gastric adenocarcinoma macroscopic  
post-operative piece: (A) Gastric adenocarcinoma  

macroscopic aspects; (B) UGE gastric adeno- 
carcinoma. UGE: Upper gastrointestinal  

endoscopy. 

 
 Discussions 

The autonomic nervous system is perhaps the most 
important pathway in regulating the normal functioning 
of the body and is incriminated in oncological pathology, 
by involvement in the process of tumor development and 
progression, especially in gastric and pancreatic cancer, 
but also by promoting the spread of tumor cells with 
metastases [21]. The pro-oncogenic mechanisms by which 
the neurotransmitters of the autonomic system and the 
adrenergic and cholinergic receptors act, are complex and 
partially understood. Homeostasis of involuntary functions, 
at the cardiovascular, respiratory, and digestive levels, is 
maintained by the balance between the sympathetic and 
parasympathetic nervous systems. The neurotransmitters 
that modulate autonomic activity are norepinephrine, which 
acts on the postsynaptic level of sympathetic neurons, and 

ACh involved in the presynaptic signaling of sympathetic 
and parasympathetic neurons and postsynaptic signaling 
of parasympathetic neurons. 

M3 mAChR, specific to the activity of the parasympathetic 
autonomic nervous system, have affinity for G proteins 
from the Gq/11 group and are involved at the peripheral 
level in regulating internal secretory processes and smooth 
muscle activity, and at the central level in cognitive memory 
and learning functions such as and in the normal development 
of the hypophysis gland [22]. 

This study showed that M3 mAChR expression was 
much better represented in poorly-differentiated (G3) gastric 
adenocarcinoma. The density of receptors decreased with 
the degree of differentiation, being very low in well-
differentiated (G1) tumors and in normal tissue. These 
results suggest that increased parasympathetic activity causes 
a negative evolution in gastric cancer correlated with the 
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degree of tumor differentiation. Due to the low parasympathetic 
activity in normal tissue, we can say that the activation of this 
autonomic nerve pathway is a risk factor for the development 
and evolution of gastric cancer. The functioning of the 
stomach and especially the proliferation of epithelial gastric 
cells are predominantly controlled by the parasympathetic 
nervous system. 

A particular component of the vegetative nervous 
system is the enteric nervous system, with specific action 
on the digestive system, consisting of two nerve plexuses 
located at the myenteric (Auerbach) and submucosal 
(Meissner) level, along the entire digestive tract, except the 
oral cavity. and the pharynx. The activity of this nervous 
network can be modulated by the postganglionic neurons of 
the sympathetic system and by the preganglionic neurons of 
the parasympathetic system, but it can also act independently 
of the activity of the central nervous system. In addition to 
regulating motility and gastrointestinal secretion, the enteric 
system is also involved in homeostasis of blood flow at 
this level [23]. Hyperactivity of ACh causes high levels 
of NGF, which favors the declassification of the gastric 
tumor process via the enteric nerves [17]. 

On the other hand, NGF hyperactivity is also involved 
in the process of axonogenesis which subsequently triggers 
a “vicious circle” by exaggerated increase in ACh. This 
mechanism can explain the tumor development in which 
the YAP and Wnt signaling pathways are involved, via 
M3 mAChR, as well as cancer pain, especially in gastric, 
prostate, and pancreatic cancer [24, 25]. 

Increased density of M3 mAChR, by activating the 
Wnt pathway, is associated with the degree of staging of 
gastric cancer. Discontinuation of parasympathetic activity 
in the gastric mucosa, surgically or pharmacologically, 
decreased tumor growth. Similar to other digestive tract 
cancers, the inflammatory factor plays an essential role in 
the evolution and prognosis of the lesion [26]. Interestingly, 
the inflammatory process was simultaneously reduced by 
inhibiting interleukin (IL)-1β and cellular signaling [27]. 
IL-1β can trigger gastric, inflammatory, dysplastic, and 
neoplastic processes, via nuclear factor-kappa B (NF-κB) 
[28]. Increased IL-1β activity is also implicated in shortening 
the survival of pancreatic cancer patients [29]. IL-8 also 
causes an unfavorably prognosis in gastric cancer [30], and 
negatively influences the evolution of pancreatic tumors 
[31], can be used as a biological marker of the evolution of 
these types of cancer. In gastric cancer, IL-1β, IL-8, and 
tumor necrosis factor-alpha (TNF-α) may be independent 
risk factors or associated with other factors, such as 
Helicobacter pylori infection or alcohol and tobacco 
consumption [32]. 

The oncogenic process triggered by sympathetic or 
parasympathetic dysautonomia can also be explained by the 
infiltration of the tumor by nerve fibers. Between the two 
structures a bidirectional influence is realized, the nervous 
hyperactivity determining the development of the tumor, 
during the tumor can generate a process of axonogenesis, 
which increases the risk of tumor progression and 
dissemination [33]. On the other hand, dysautonomia 
induced by stress or depression is associated with cancer 
recurrence and a negative prognosis [34]. 

The increase in the density of parasympathetic nerve 
endings, M3 mAChR and vesicular ACh transporter (VAChT) 

was also correlated with progression, unfavorable prognosis 
and vascular metastasis in liver cancer [35]. In prostate 
cancer, M3 mAChR overexpression causes castration-
resistant prostate cancer (CRPC) by YAP pathway, high levels 
of IL-8 are associated with angiogenesis and metastases 
[36], while depression is a high-risk factor for unfavorable 
outcome [37]. 

In a study on animal model, the density of M3 mAChR 
was significantly increased in gastric malignant versus non-
malignant cells following IHC evaluation. Vagotomy can 
stop the progression of gastric cancer through multifactorial 
mechanisms, including apoptosis, axonogenesis, MAPK 
and Wnt pathway [38]. 

Another important aspect related to the nerve–tumor 
binomial is the possibility of perineural invasion (PNI). 
This metastatic pathway, through the sheath of Schwann, 
may be unique or associated with the blood and lymphatic 
pathways. The incidence of PNI is variable in different 
tumor locations: 70–100% in pancreatic ductal adeno-
carcinoma, 6.8–75.6% in gastric carcinoma, 56–88% in 
biliary tract tumor, 12.4–83.6% in prostate cancer and 
5.2–90% in head and neck cancer [39]. In gastric cancer, 
PNI metastasis is associated with a negative prognosis, 
regardless of the size, location and invasion of the tumor 
or the sex and age of patients [40]. It is necessary to monitor 
the risk of recurrence because it is higher in patients with 
gastric cancer with PNI, recurrence occurring rapidly after 
surgery, decreasing the survival period [41]. 

The neuron–tumor connection can influence tumor 
progression and invasion through neurotransmitters released 
in the perineural space. ACh, by M3 mAChR, promotes 
tumor proliferation and metastasis via Wnt pathway and 
leucine-rich repeat-containing G-protein-coupled receptor 5 
(LGR5) overexpression [42, 43]. Increased expression of 
LGR5 decreases overall survival in patients with gastric 
adenocarcinoma, especially in poorly-differentiated tumors 
[44]. 

The influence of nerve endings on tumor cells is 
achieved by releasing various molecules with multiple 
roles: neurotrophic, such as NGF and brain-derived neuro-
trophic factor (BDNF), axonal pathfinding modeling, or 
neurotransmission, especially for the autonomic nervous 
system (ACh, epinephrine, norepinephrine) [45]. 

Another important role in the development and 
progression of gastric cancer is played by the brain–gut 
axis. Parasympathetic dysautonomia and ACh imbalance 
induce the onset of the mechanisms of gastric oncogenesis, 
progression, and metastasis, by activating the Wnt pathway, 
increasing NGF, triggering inflammatory processes and 
stimulating cancer cell stemness. The increase in NGF is 
also correlated with the intensity of cancer pain [46, 47]. 
On the other hand, the Wnt/β-catenin pathway is involved 
in gastric cancer and resistance to chemotherapy [48] 
(Figure 7). 

All types of mAChRs are expressed on T- and B-
lymphocytes, which explains the major involvement of the 
cholinergic system in modulation of the immune response. 
A mouse knockout study showed that suppressing the activity 
of these cholinergic receptors causes a decrease in TNF-α 
and IL-6 [49]. Activation of M3 and M5 mAChRs in the 
cellular immune system also induces the increase of IL-2 
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and TNF-α [50]. The proliferation of gastric cancer is 
stimulated by M3 mAChR and by activating EGFR signaling 
pathway. EGFR inhibition suppresses the phosphorylation 

processes of extracellular signal-regulated kinase (ERK) 
and Akt, involved in the proliferation of gastric tumor cells 
[51]. 

 

Figure 7 – Mechanisms involved in 
gastric cancer by overexpression of 

M3 receptors. Akt: Protein kinase B; 
EGFR: Epidermal growth factor 

receptor; ERK: Extracellular signal-
regulated kinase; IL: Interleukin; 
NGF: Nerve growth factor; TAZ: 
Transcriptional co-activator with 

PDZ-binding motif; TNFα: Tumor 
necrosis factor alpha; Wnt: 

Wingless-Int; YAP: Yes- 
associated protein. 

 
The involvement of the parasympathetic nervous system 

and the overexpression of M3 mAChR in gastric cancer 
is correlated with the staging of the disease, tumor cell 
proliferation, unfavorable evolution, and metastasis. In this 
context, suppression of ACh activity by vagotomy or  
M3 mAChR antagonists or antisense therapy may bring 
therapeutic benefits to patients with gastric cancer [52, 53]. 
This approach is based on HP and IHC assessment of M3 
receptors correlated with imaging examinations, such as 
CT and UGE, for a correct and early staging of the tumor 
and the tumor grade of differentiation. 

In the preoperative stage, the imaging examination 
provides important information for the diagnosis of gastric 
cancer by assessing the profoundness of the gastric tumor 
(UGE) and the possibility of classifying the disease in one 
of the TNM stages, following assessment of loco-regional 
invasion or metastasis (CT) [54, 55]. Correlation of imaging 
results with HP examination increases the accuracy rate 
of staging, given that UGE may be underrated the grade of 
invasion at the level of the four layers of the gastric wall, 
while CT evaluation may overrate local invasion, lymph 
nodes or metastases [56]. In this way, it is possible to make 
a correct therapeutic approach, depending on the stage, 
as well as an evaluation of the prognosis. Preoperative 
evaluation UGE is a first-line method for establishing the 
early stage of gastric cancer, depending on which type of 
endoscopic surgery can be decided. CT scan used to stage 
gastric cancer can also be performed to assess the response 
to treatment [57]. 

On the other hand, muscarinic receptors are involved 
in increasing vascular endothelial growth factor (VEGF) 
activity, with a high risk of angiogenesis [58]. Evaluation 
of VEGF by IHC examination in gastric and esophageal 
cancer has shown the importance of this factor in tumor 
grade of differentiation as well as in the clinical stage of the 
disease. VEGF expression may occur in approximately 67% 
of patients with gastric carcinoma and is increased in 
advanced stages [59]. Increased VEGF activity has been 
linked to lymph node metastases and a negative prognosis 
in gastric cancer [60]. Another important biomarker in the 
clinical staging of gastric cancer may be EGFR. Increased 
EGFR activity by IHC assessment may alert the oncologist 

to the risk of recurrence, metastasis, and decreased survival 
[61]. 

From an imaging point of view, the examination of the 
tumor by CT texture analysis is useful for highlighting, 
describing, and assessing the grade of aggression of the 
lesions, both before and after treatment, thus determining 
the level of therapeutic response. The results of this type 
of evaluation were associated with HP factors, such as 
angiogenesis, hypoxia, EGFR, Kirsten rat sarcoma virus 
(KRAS) and the tumor grade of differentiation. In gastric 
cancer, CT texture has been used to assess the evolution of 
patients, divided into good or poor [62]. CT texture analysis 
can be a useful imaging marker in highlighting the tumor 
grade of differentiation, the depth of vascular invasion, and 
the level of some IHC markers present in gastric cancer 
[E-cadherin, Ki67, VEGF receptor 2 (VEGFR2)] [63]. 

In this context, the results of imaging, HP and IHC 
evaluations provide better accuracy in determining the degree 
of tumor differentiation, the staging of the disease and the 
prognosis of gastric cancer. In this way, personalized 
therapeutic strategies can be initiated, which will reduce the 
risk of recurrence and metastasis and increase the survival 
of the disease. One of the important therapeutic approaches 
is to inhibit the activity of M3 mAChR surgically or 
pharmacologically, due to the ability of these receptors to 
stimulate oncogenic molecular mechanisms. Early, multi-
disciplinary assessment of clinical, biological, histological, 
and imaging markers can diagnose early-stage gastric cancer 
and initiate personalized treatment as soon as possible to 
increase the life expectancy of gastric cancer patients. 

 Conclusions 
Hyperactivity of the parasympathetic autonomic nervous 

system, via mAChRs, especially M3, is correlated with the 
development, evolution, and dissemination of gastric cancer, 
through multiple molecular mechanisms. The unfavorable 
prognosis is associated with M3 mAChR overexpression, 
cancer stage and degree of tumor differentiation. The 
measurement of mAChRs expression must be correlated 
with the evaluation of the immune status by possible 
biological markers (IL-1β, IL-2, IL-6, IL-8, TNF-α), as 
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well as with the risk of therapeutic resistance. Subsequent 
research, based on the role of M3, may lead to the 
identification of surgical or pharmacological methods to 
suppress muscarinic hyperactivity. This approach can benefit 
the prognosis and quality of life of patients with gastric 
cancer. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

Authors’ contribution 
Alina Maria Mehedinţeanu and Cecil Sorin Mirea equally 

contributed to this article. 

References 
[1] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 

Jemal A, Bray F. Global Cancer Statistics 2020: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin, 2021, 71(3):209–249. 
https://doi.org/10.3322/caac.21660  PMID: 33538338 

[2] Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M, 
Znaor A, Soerjomataram I, Bray F. Global Cancer Observatory: 
cancer today. International Agency for Research on Cancer 
(IARC), Lyon, France, 2020, accessed: Jun 12, 2021. https:// 
gco.iarc.fr/today 

[3] Lou L, Wang L, Zhang Y, Chen G, Lin L, Jin X, Huang Y, 
Chen J. Sex difference in incidence of gastric cancer: an 
international comparative study based on the Global Burden 
of Disease Study 2017. BMJ Open, 2020, 10(1):e033323. 
https://doi.org/10.1136/bmjopen-2019-033323  PMID: 31988231  
PMCID: PMC7044958 

[4] Moy KA, Fan Y, Wang R, Gao YT, Yu MC, Yuan JM. Alcohol and 
tobacco use in relation to gastric cancer: a prospective study 
of men in Shanghai, China. Cancer Epidemiol Biomarkers Prev, 
2010, 19(9):2287–2297. https://doi.org/10.1158/1055-9965.EPI-
10-0362  PMID: 20699372  PMCID: PMC2936659 

[5] Scherübl H. Alcohol use and gastrointestinal cancer risk. Visc 
Med, 2020, 36(3):175–181. https://doi.org/10.1159/000507232  
PMID: 32775347  PMCID: PMC7383256 

[6] Chandanos E, Lagergren J. Oestrogen and the enigmatic 
male predominance of gastric cancer. Eur J Cancer, 2008, 
44(16):2397–2403. https://doi.org/10.1016/j.ejca.2008.07.031  
PMID: 18755583 

[7] Petrick JL, Hyland PL, Caron P, Falk RT, Pfeiffer RM, Dawsey SM, 
Abnet CC, Taylor PR, Weinstein SJ, Albanes D, Freedman ND, 
Gapstur SM, Bradwin G, Guillemette C, Campbell PT, Cook MB. 
Associations between prediagnostic concentrations of circulating 
sex steroid hormones and esophageal/gastric cardia adeno-
carcinoma among men. J Natl Cancer Inst, 2019, 111(1):34–41. 
https://doi.org/10.1093/jnci/djy082  PMID: 29788475  PMCID: 
PMC6335110 

[8] Zhu Z, Chen Y, Ren J, Dawsey SM, Yin J, Freedman ND, 
Fan JH, Taylor PR, Liu Y, Qiao YL, Abnet CC. Serum levels 
of androgens, estrogens, and sex hormone binding globulin 
and risk of primary gastric cancer in Chinese men: a nested 
case-control study. Cancer Prev Res (Phila), 2021, 14(6):659–
666. https://doi.org/10.1158/1940-6207.CAPR-20-0497  PMID: 
33766833  PMCID: PMC8225565 

[9] Dart AM, Du XJ, Kingwell BA. Gender, sex hormones and 
autonomic nervous control of the cardiovascular system. 
Cardiovasc Res, 2002, 53(3):678–687. https://doi.org/10.1016/ 
s0008-6363(01)00508-9  PMID: 11861039 

[10] Cole SW, Sood AK. Molecular pathways: beta-adrenergic signa-
ling in cancer. Clin Cancer Res, 2012, 18(5):1201–1206. https:// 
doi.org/10.1158/1078-0432.CCR-11-0641  PMID: 22186256  
PMCID: PMC3294063 

[11] Zhang X, Zhang Y, He Z, Yin K, Li B, Zhang L, Xu Z. Chronic 
stress promotes gastric cancer progression and metastasis: 
an essential role for ADRB2. Cell Death Dis, 2019, 10(11):788. 
https://doi.org/10.1038/s41419-019-2030-2  PMID: 31624248  
PMCID: PMC6797812 

[12] Mehedinţeanu AM, Sfredel V, Stovicek PO, Schenker M, 
Târtea GC, Istrătoaie O, Ciurea AM, Vere CC. Assessment 

of epinephrine and norepinephrine in gastric carcinoma. Int J 
Mol Sci, 2021, 22(4):2042. https://doi.org/10.3390/ijms2204 
2042  PMID: 33670813  PMCID: PMC7922341 

[13] Takeuchi K, Endoh T, Hayashi S, Aihara T. Activation of 
muscarinic acetylcholine receptor subtype 4 is essential for 
cholinergic stimulation of gastric acid secretion: relation to D 
cell/somatostatin. Front Pharmacol, 2016, 7:278. https://doi.org/ 
10.3389/fphar.2016.00278  PMID: 27625606  PMCID: PMC 
5003825 

[14] Aihara T, Nakamura Y, Taketo MM, Matsui M, Okabe S. 
Cholinergically stimulated gastric acid secretion is mediated by 
M(3) and M(5) but not M(1) muscarinic acetylcholine receptors 
in mice. Am J Physiol Gastrointest Liver Physiol, 2005, 288(6): 
G1199–G1207. https://doi.org/10.1152/ajpgi.00514.2004  PMID: 
15691866 

[15] Carlson AB, Kraus GP. Physiology, cholinergic receptors. In: 
StatPearls [Internet]. StatPearls Publishing, Treasure Island (FL), 
USA, 2021 Aug 23–2022 Jan. PMID: 30252390  Bookshelf ID: 
NBK526134 

[16] Bautista M, Krishnan A. The autonomic regulation of tumor 
growth and the missing links. Front Oncol, 2020, 10:744. https:// 
doi.org/10.3389/fonc.2020.00744  PMID: 32477953  PMCID: 
PMC7237572 

[17] Hayakawa Y, Sakitani K, Konishi M, Asfaha S, Niikura R, 
Tomita H, Renz BW, Tailor Y, Macchini M, Middelhoff M, 
Jiang Z, Tanaka T, Dubeykovskaya ZA, Kim W, Chen X, 
Urbanska AM, Nagar K, Westphalen CB, Quante M, Lin CS, 
Gershon MD, Hara A, Zhao CM, Chen D, Worthley DL, Koike K, 
Wang TC. Nerve growth factor promotes gastric tumorigenesis 
through aberrant cholinergic signaling. Cancer Cell, 2017, 
31(1):21–34. https://doi.org/10.1016/j.ccell.2016.11.005  PMID: 
27989802  PMCID: PMC5225031 

[18] Pan D. The hippo signaling pathway in development and cancer. 
Dev Cell, 2010, 19(4):491–505. https://doi.org/10.1016/j.dev 
cel.2010.09.011  PMID: 20951342  PMCID: PMC3124840 

[19] Moroishi T, Hansen CG, Guan KL. The emerging roles of YAP 
and TAZ in cancer. Nat Rev Cancer, 2015, 15(2):73–79. https:// 
doi.org/10.1038/nrc3876  PMID: 25592648  PMCID: PMC 
4562315 

[20] Johnson R, Halder G. The two faces of Hippo: targeting the 
Hippo pathway for regenerative medicine and cancer treatment. 
Nat Rev Drug Discov, 2014, 13(1):63–79. https://doi.org/10. 
1038/nrd4161  PMID: 24336504  PMCID: PMC4167640 

[21] Magnon C. Role of the autonomic nervous system in tumori-
genesis and metastasis. Mol Cell Oncol, 2015, 2(2):e975643. 
https://doi.org/10.4161/23723556.2014.975643  PMID: 27308436  
PMCID: PMC4904882 

[22] Kruse AC, Hu J, Pan AC, Arlow DH, Rosenbaum DM, 
Rosemond E, Green HF, Liu T, Chae PS, Dror RO, Shaw DE, 
Weis WI, Wess J, Kobilka BK. Structure and dynamics of the 
M3 muscarinic acetylcholine receptor. Nature, 2012, 482(7386): 
552–556. https://doi.org/10.1038/nature10867  PMID: 22358844  
PMCID: PMC3529910 

[23] Waxenbaum JA, Reddy V, Varacallo M. Anatomy, autonomic 
nervous system. In: StatPearls [Internet]. StatPearls Publishing, 
Treasure Island (FL), USA, 2021 Jul 29–2022 Jan. PMID: 
30969667  Bookshelf ID: NBK539845 

[24] Bradshaw RA, Pundavela J, Biarc J, Chalkley RJ, Burlingame AL, 
Hondermarck H. NGF and proNGF: regulation of neuronal and 
neoplastic responses through receptor signaling. Adv Biol Regul, 
2015, 58:16–27. https://doi.org/10.1016/j.jbior.2014.11.003  PMID: 
25491371  PMCID: PMC4426037 

[25] Monje M. Settling a nervous stomach: the neural regulation of 
enteric cancer. Cancer Cell, 2017, 31(1):1–2. https://doi.org/ 
10.1016/j.ccell.2016.12.008  PMID: 28073000 

[26] Neagu S, Lerescu L, Costea R, Tucureanu C, Caraş I, Gangură G, 
Pitica R, Sălăgeanu A. [Perioperative immunologic changes 
in colorectal cancer patients]. Chirurgia (Bucharest), 2012, 
107(1):59–65. PMID: 22480118 

[27] Zhao CM, Hayakawa Y, Kodama Y, Muthupalani S, West-
phalen CB, Andersen GT, Flatberg A, Johannessen H, 
Friedman RA, Renz BW, Sandvik AK, Beisvag V, Tomita H, 
Hara A, Quante M, Li Z, Gershon MD, Kaneko K, Fox JG, 
Wang TC, Chen D. Denervation suppresses gastric tumori-
genesis. Sci Transl Med, 2014, 6(250):250ra115. https://doi.org/ 
10.1126/scitranslmed.3009569  PMID: 25143365  PMCID: 
PMC4374618 



Expression of M3 muscarinic acetylcholine receptors in gastric cancer 

 

1009

[28] Tu S, Bhagat G, Cui G, Takaishi S, Kurt-Jones EA, Rickman B, 
Betz KS, Penz-Oesterreicher M, Bjorkdahl O, Fox JG, Wang TC. 
Overexpression of interleukin-1beta induces gastric inflammation 
and cancer and mobilizes myeloid-derived suppressor cells in 
mice. Cancer Cell, 2008, 14(5):408–419. https://doi.org/10.1016/ 
j.ccr.2008.10.011. Erratum in: Cancer Cell, 2008, 14(6):494. 
Erratum in: Cancer Cell, 2011, 19(1):154. PMID: 18977329  
PMCID: PMC2586894 

[29] Barber MD, Powell JJ, Lynch SF, Fearon KC, Ross JA. A 
polymorphism of the interleukin-1 beta gene influences survival 
in pancreatic cancer. Br J Cancer, 2000, 83(11):1443–1447. 
https://doi.org/10.1054/bjoc.2000.1479  PMID: 11076651  PMCID: 
PMC2363418 

[30] Lee KE, Khoi PN, Xia Y, Park JS, Joo YE, Kim KK, Choi SY, 
Jung YD. Helicobacter pylori and interleukin-8 in gastric cancer. 
World J Gastroenterol, 2013, 19(45):8192–8202. https://doi. 
org/10.3748/wjg.v19.i45.8192  PMID: 24363509  PMCID: PMC 
3857441 

[31] Stănculeanu DL, Ardeleanu CM, Zob DL, Mihăilă RI, Toma OC, 
Simion L, Stovicek PO, Schenker M. Adenocarcinoma versus 
pancreatic neuroendocrine tumor – case report. Rom J Morphol 
Embryol, 2017, 58(3):1091–1097. PMID: 29250695 

[32] Lu W, Pan K, Zhang L, Lin D, Miao X, You W. Genetic 
polymorphisms of interleukin (IL)-1B, IL-1RN, IL-8, IL-10 and 
tumor necrosis factor α and risk of gastric cancer in a Chinese 
population. Carcinogenesis, 2005, 26(3):631–636. https://doi. 
org/10.1093/carcin/bgh349  PMID: 15579481 

[33] Faulkner S, Jobling P, March B, Jiang CC, Hondermarck H. 
Tumor neurobiology and the war of nerves in cancer. Cancer 
Discov, 2019, 9(6):702–710. https://doi.org/10.1158/2159-8290. 
CD-18-1398  PMID: 30944117 

[34] Makale MT, Kesari S, Wrasidlo W. The autonomic nervous 
system and cancer. Biocybern Biomed Eng, 2017, 37(3):443–
452. https://doi.org/10.1016/j.bbe.2017.05.001  https://www. 
sciencedirect.com/science/article/abs/pii/S02085216173006
70 

[35] Stavropoulos I, Sarantopoulos A, Liverezas A. Does sympathetic 
nervous system modulate tumor progression? A narrative review 
of the literature. J Drug Assess, 2020, 9(1):106–116. https:// 
doi.org/10.1080/21556660.2020.1782414  PMID: 32939316  
PMCID: PMC7470065 

[36] Dutt SS, Gao AC. Molecular mechanisms of castration-resistant 
prostate cancer progression. Future Oncol, 2009, 5(9):1403–
1413. https://doi.org/10.2217/fon.09.117  PMID: 19903068  
PMCID: PMC3041149 

[37] Marinescu I, Schenker RA, Stovicek PO, Marinescu D, Ciobanu CF, 
Papacocea SI, Manea MC, Papacocea RI, Manea M, Chirita R, 
Ciobanu AM. Biochemical factors involved in the unfavorable 
evolution of prostate cancer. Rev Chim (Bucharest), 2019, 
70(9):3343–3347. https://doi.org/10.37358/RC.19.9.7546  https:// 
revistadechimie.ro/Articles.asp?ID=7546 

[38] Wang L, Xu J, Xia Y, Yin K, Li Z, Li B, Wang W, Xu H, Yang L, 
Xu Z. Muscarinic acetylcholine receptor 3 mediates vagus 
nerve-induced gastric cancer. Oncogenesis, 2018, 7(11):88. 
https://doi.org/10.1038/s41389-018-0099-6  PMID: 30459304  
PMCID: PMC6246593 

[39] Chen SH, Zhang BY, Zhou B, Zhu CZ, Sun LQ, Feng YJ. 
Perineural invasion of cancer: a complex crosstalk between 
cells and molecules in the perineural niche. Am J Cancer Res, 
2019, 9(1):1–21. PMID: 30755808  PMCID: PMC6356921 

[40] Deng J, You Q, Gao Y, Yu Q, Zhao P, Zheng Y, Fang W, Xu N, 
Teng L. Prognostic value of perineural invasion in gastric 
cancer: a systematic review and meta-analysis. PLoS One, 
2014, 9(2):e88907. https://doi.org/10.1371/journal.pone.008 
8907  PMID: 24586437  PMCID: PMC3931634 

[41] Chen L, Lin J, Chen LZ, Chen Y, Wang XJ, Guo ZQ, Yu JM. 
Perineural invasion and postoperative complications are 
independent predictors of early recurrence and survival following 
curative resection of gastric cancer. Cancer Manag Res, 2020, 
12:7601–7610. https://doi.org/10.2147/CMAR.S264582  PMID: 
32904660  PMCID: PMC7457383 

[42] Saloman JL, Albers KM, Rhim AD, Davis BM. Can stopping 
nerves, stop cancer? Trends Neurosci, 2016, 39(12):880–889. 
https://doi.org/10.1016/j.tins.2016.10.002  PMID: 27832915  
PMCID: PMC5148708 

[43] Takahashi T. Multiple roles for cholinergic signaling from the 
perspective of stem cell function. Int J Mol Sci, 2021, 22(2): 
666. https://doi.org/10.3390/ijms22020666  PMID: 33440882  
PMCID: PMC7827396 

[44] Ehara T, Uehara T, Nakajima T, Kinugawa Y, Kobayashi S, 
Iwaya M, Ota H, Soejima Y. LGR5 expression is associated 
with prognosis in poorly differentiated gastric adenocarcinoma. 
BMC Cancer, 2021, 21(1):228. https://doi.org/10.1186/s1288 
5-021-07913-6  PMID: 33676447  PMCID: PMC7936409 

[45] Wang H, Zheng Q, Lu Z, Wang L, Ding L, Xia L, Zhang H, 
Wang M, Chen Y, Li G. Role of the nervous system in cancers: 
a review. Cell Death Discov, 2021, 7(1):76. https://doi.org/10. 
1038/s41420-021-00450-y  PMID: 33846291  PMCID: PMC 
8041826 

[46] Di YZ, Han BS, Di JM, Liu WY, Tang Q. Role of the brain–
gut axis in gastrointestinal cancer. World J Clin Cases, 2019, 
7(13):1554–1570. https://doi.org/10.12998/wjcc.v7.i13.1554  
PMID: 31367615  PMCID: PMC6658366 

[47] Chippalkatti R, Abankwa D. Promotion of cancer cell stemness 
by Ras. Biochem Soc Trans, 2021, 49(1):467–476. https://doi. 
org/10.1042/BST20200964  PMID: 33544116  PMCID: PMC 
7925005 

[48] Chiurillo MA. Role of the Wnt/β-catenin pathway in gastric 
cancer: an in-depth literature review. World J Exp Med, 2015, 
5(2):84–102. https://doi.org/10.5493/wjem.v5.i2.84  PMID: 
25992323  PMCID: PMC4436943 

[49] Fujii YX, Tashiro A, Arimoto K, Fujigaya H, Moriwaki Y, Misawa H, 
Fujii T, Matsui M, Kasahara T, Kawashima K. Diminished 
antigen-specific IgG1 and interleukin-6 production and acetyl-
cholinesterase expression in combined M1 and M5 muscarinic 
acetylcholine receptor knockout mice. J Neuroimmunol, 2007, 
188(1–2):80–85. https://doi.org/10.1016/j.jneuroim.2007.05.017  
PMID: 17586055 

[50] Fujii T, Mashimo M, Moriwaki Y, Misawa H, Ono S, Horiguchi K, 
Kawashima K. Expression and function of the cholinergic 
system in immune cells. Front Immunol, 2017, 8:1085. https:// 
doi.org/10.3389/fimmu.2017.01085  PMID: 28932225  PMCID: 
PMC5592202 

[51] Yu H, Xia H, Tang Q, Xu H, Wei G, Chen Y, Dai X, Gong Q, 
Bi F. Acetylcholine acts through M3 muscarinic receptor to 
activate the EGFR signaling and promotes gastric cancer cell 
proliferation. Sci Rep, 2017, 7:40802. https://doi.org/10.1038/ 
srep40802  PMID: 28102288  PMCID: PMC5244394 

[52] Wang L, Zhi X, Zhang Q, Wei S, Li Z, Zhou J, Jiang J, Zhu Y, 
Yang L, Xu H, Xu Z. Muscarinic receptor M3 mediates cell 
proliferation induced by acetylcholine and contributes to apoptosis 
in gastric cancer. Tumour Biol, 2016, 37(2):2105–2117. https:// 
doi.org/10.1007/s13277-015-4011-0  PMID: 26346168 

[53] Russo P, Del Bufalo A, Milic M, Salinaro G, Fini M, Cesario A. 
Cholinergic receptors as target for cancer therapy in a systems 
medicine perspective. Curr Mol Med, 2014, 14(9):1126–1138. 
https://doi.org/10.2174/1566524014666141015152601  PMID: 
25324001 

[54] Choi JI, Joo I, Lee JM. State-of-the-art preoperative staging 
of gastric cancer by MDCT and magnetic resonance imaging. 
World J Gastroenterol, 2014, 20(16):4546–4557. https://doi.org/ 
10.3748/wjg.v20.i16.4546  PMID: 24782607  PMCID: PMC 
4000491 

[55] Păun I, Costin AI, Constantin VD, Lomaca I, Ianoşi NG, Socea B, 
Tutunaru CV, Zlatian OM, Ianoşi SL, Neagoe CD, Crafciuc AV, 
Stancu MI. Gastric cancer – histopathological correlations between 
tumor and non-tumor gastric mucosa changes. Rom J Morphol 
Embryol, 2020, 61(4):1129–1141. https://doi.org/10.47162/RJME. 
61.4.15  PMID: 34171062  PMCID: PMC8343497 

[56] Ghiţă D, Glavici A, Pleşea IE, Săftoiu A, Dumitrescu D, Ciurea T. 
Invasion assessment in gastric carcinoma – imagistic and 
histopathologic combined study. Rom J Morphol Embryol, 
2011, 52(1 Suppl):349–361. PMID: 21424074 

[57] Hallinan JTPD, Venkatesh SK. Gastric carcinoma: imaging 
diagnosis, staging and assessment of treatment response. 
Cancer Imaging, 2013, 13(2):212–227. https://doi.org/10.1102/ 
1470-7330.2013.0023  PMID: 23722535  PMCID: PMC3667568 

[58] de la Torre E, Davel L, Jasnis MA, Gotoh T, de Lustig ES, 
Sales ME. Muscarinic receptors participation in angiogenic 
response induced by macrophages from mammary adeno-
carcinoma-bearing mice. Breast Cancer Res, 2005, 7(3):R345–
R352. https://doi.org/10.1186/bcr1005  PMID: 15987429  PMCID: 
PMC1143557 

[59] Du JR, Jiang Y, Zhang YM, Fu H. Vascular endothelial growth 
factor and microvascular density in esophageal and gastric 
carcinomas. World J Gastroenterol, 2003, 9(7):1604–1606. 
https://doi.org/10.3748/wjg.v9.i7.1604  PMID: 12854174  PMCID: 
PMC4615515 



Alina Maria Mehedinţeanu et al. 

 

1010

[60] Nikiteas NI, Tzanakis N, Theodoropoulos G, Atsaves V, 
Christoni Z, Karakitsos P, Lazaris AC, Papachristodoulou A, 
Klonaris C, Gazouli M. Vascular endothelial growth factor and 
endoglin (CD-105) in gastric cancer. Gastric Cancer, 2007, 
10(1):12–17. https://doi.org/10.1007/s10120-006-0401-8  PMID: 
17334712 

[61] Wang D, Wang B, Wang R, Zhang Z, Lin Y, Huang G, Lin S, 
Jiang Y, Wang W, Wang L, Huang Q. High expression of EGFR 
predicts poor survival in patients with resected T3 stage gastric 
adenocarcinoma and promotes cancer cell survival. Oncol Lett, 
2017, 13(5):3003–3013. https://doi.org/10.3892/ol.2017.5827  
PMID: 28521408  PMCID: PMC5431275 

[62] Lubner MG, Smith AD, Sandrasegaran K, Sahani DV, 
Pickhardt PJ. CT texture analysis: definitions, applications, 
biologic correlates, and challenges. Radiographics, 2017, 37(5): 
1483–1503. https://doi.org/10.1148/rg.2017170056  PMID: 
28898189 

[63] Liu S, Shi H, Ji C, Guan W, Chen L, Sun Y, Tang L, Guan Y, 
Li W, Ge Y, He J, Liu S, Zhou Z. CT textural analysis of gastric 
cancer: correlations with immunohistochemical biomarkers. 
Sci Rep, 2018, 8(1):11844. https://doi.org/10.1038/s41598-
018-30352-6  PMID: 30087428  PMCID: PMC6081398 

 

 
 
 
 
 
 
Corresponding authors 
Puiu Olivian Stovicek, Lecturer, MD, PhD, Department of Pharmacology, Faculty of Nursing, Târgu Jiu Subsidiary, 
Titu Maiorescu University, Bucharest, 100 Ecaterina Teodoroiu Avenue, 210106 Târgu Jiu, Gorj County, Romania; 
Phone +40253–221 116, e-mail: puiuolivian@yahoo.com 

Teodor-Nicuşor Sas, Lecturer, MD, PhD, Department of Radiology and Imaging, University of Medicine and Pharmacy 
of Craiova, 66 1 May Avenue, 200639 Craiova, Dolj County, Romania; Phone +40723–361 271, e-mail: 
teodorsas@yahoo.com 
 
 
 
 
 
 
Received: November 18, 2021 

Accepted: May 24, 2022 
 
 


