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Abstract
AIM
To study the morphology of the enteric nervous 
system and the expression of beta-2 adrenergic (B2A) 
receptors in primary colorectal cancer.

METHODS
In this study, we included forty-eight patients with 
primary colorectal cancer and nine patients for control 
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tissue from the excision of a colonic segment for benign 
conditions. We determined the clinicopathological 
features and evaluated the immunohistochemical 
expression pattern of B2A receptors as well as the 
morphological changes of the enteric nervous system 
(ENS). In order to assess statistical differences, we 
used the student t -test for comparing the means of 
two groups and one-way analysis of variance with 
Bonferroni’s post hoc  analysis for comparing the means 
of more than two groups. Correlations were assessed 
using the Pearson’s correlation coefficient.

RESULTS
B2A receptors were significantly associated with tumor 
grading, tumor size, tumor invasion, lymph node 
metastasis (P  < 0.05), while there were no statistically 
significant associations with gender, CRC location 
and gross appearance (P  > 0.05). We observed, on 
one hand, a decrease of the relative area for both 
Auerbach and Meissner plexuses with the increase of 
the tumor grading, and on the other hand, an increase 
of the relative area of other nervous elements not in 
the Meissner plexus or in the Auerbach plexus with 
the tumor grading. For G1 tumors we found that 
epithelial B2A area showed an inverse correlation with 
the Auerbach plexus areas [r (14) = -0.531, P < 0.05], 
while for G2 tumors, epithelial B2A areas showed an 
indirect variation with both the Auerbach plexus areas 
[r (14) = -0.453, P  < 0.05] and the Meissner areas 
[r (14) = -0.825, P  < 0.01]. For G3 tumors, the inverse 
dependence increased for both Auerbach [r (14) = 
-0.587, P  < 0.05] and Meissner [r (14) = -0.934, P  < 
0.05] plexuses.

CONCLUSION
B2A receptors play an important role in colorectal 
carcinogenesis and can be utilized as prognostic 
factors. Furthermore, study of the ENS in colorectal 
cancer may lead to targeted molecular therapies. 

Key words: Beta-2 adrenergic receptors; Enteric 
nervous system; Colorectal adenocarcinoma; Spectral 
unmixing immunohistochemistry; Tumor grading 
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Core tip: In the present study, we provide the first 
description of beta-2 adrenergic (B2A) receptors found 
on the nuclear membrane of colon adenocarcinoma 
cells. B2A receptors have a high level of expression in 
the neoplastic cells from colorectal adenocarcinoma, 
and a significant association was found between 
the expression of B2A receptors and tumor grading. 
Regarding the enteric nervous system and its 
associations with colorectal cancer, we observed a 
decrease of the relative area, both for Auerbach and 
Meissner plexuses, with the increase of the tumor 
grading, and an increase of the relative area of other 
nervous elements with the tumor grading.

Ciurea RN, Rogoveanu I, Pirici D, Târtea GC, Streba CT, 
Florescu C, Cătălin B, Puiu I, Târtea EA, Vere CC. B2 adrenergic 
receptors and morphological changes of the enteric nervous 
system in colorectal adenocarcinoma. World J Gastroenterol 
2017; 23(7): 1250-1261  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1250.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1250

INTRODUCTION
Despite the progress of recent years in the field of 
antineoplastic therapy, colorectal cancer still remains 
one of the major public health problems. In the United 
States, at January 1st 2016, out of 15.5 million patients 
suffering from cancer, 724690 men had cancer of 
the colon and rectum; this cancer being the third 
most prevalent in women after breast and uterine 
corpus cancer[1]. Regarding the mortality, colon and 
rectum cancer rank as the fourth cause of mortality 
in the world with 694000 deaths, representing 
about 8.5% of the total deaths caused by cancer in 
2012[2]. Translational studies that identify new cancer 
prognostic markers, molecular changes that appear 
at the initiation of carcinogenesis and during the 
progression phase, as well as treatment targets such 
as elements of the nervous system, are thus needed[3].

The idea of establishing connections between 
cancer and psychological influences originates from 
the Greek doctor Galen, who in the second century 
before Christ, showed that women with melancholic 
temperament develop breast cancer more frequently 
than other temperamental types[4]. 

The enteric nervous system (ENS) is the most 
complex part of the autonomic nervous system[5]. It 
consists of three major ganglionic plexuses (mucous 
plexus, submucosal plexus also called Meissner, and 
myenteric plexus also called Auerbach), together with 
many aganglionar plexuses[6]. The Auerbach plexus is 
found starting at the esophagus and extending to the 
terminal part of the digestive tract, between circular 
and longitudinal muscular layers[7]. The ENS consists 
of approximately 500 million neurons, more than in 
the peripheral autonomic nervous system[8]. The ENS 
is developed from the neural crest, from the sacral and 
vagal segments of the neural tube[9]. 

The ENS is connected with the central nervous 
system via sympathetic and parasympathetic 
pathways, a connection known as the cerebroenteral 
axis[10]. The background of the connections between 
the two divisions of the autonomic nervous system 
is represented by neurotransmitters such as 
acetylcholine for the parasympathetic nervous system 
and norepinephrine for the sympathetic nervous 
system[5]. Although norepinephrine is not found in 
the enteric neurons, but only in the sympathetic 
afferent fibers that they receive, Li et al[11] showed that 
norepinephrine transporter, which plays an important 
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role in mediating the effects of norepinephrine, 
is expressed by enteric neurons. Some of these 
neurotransmitters act on receptors which are also 
expressed by colorectal carcinoma cells[4,11]. B2A 
receptors are part of the family of catecholamine 
receptors, and their activation can initiate multiple 
signaling pathways in colorectal tumorigenesis[12]. 
Moreover, blocking them may slow down or even stop 
the progression of the neoplastic process, but in this 
case, the studies are contradictory[12].

Our aim was to compare the morphological changes 
of the ENS and to evaluate the expression changes of 
the B2A receptors in primary colorectal cancer versus 
normal colic mucosa, and also to investigate significant 
associations between these parameters and the 
clinicopathological features.

MATERIALS AND METHODS
Patients and specimens
In this study, we analyzed specimens from forty-eight 
consecutive patients who underwent surgery with 
potentially curative resection for primary colorectal 
cancer, performed in the 1st Surgery Clinic of the 
Emergency County Hospital, Craiova, Romania. 
Patients were diagnosed with colorectal cancer in the 
1st Medical Clinic, Gastroenterology Department of the 
Emergency County Hospital of Craiova between 2015 
and 2016. As controls, we used normal colorectal 
tissue taken from nine patients who were diagnosed 
with intestinal obstruction or other pathologies that 
needed surgery in order to perform the excision of a 
colonic segment. The study was approved by the Ethics 
Committee of the University of Medicine and Pharmacy 
of Craiova (registration no. 53/19.05.2016), according 
to the Declaration of Helsinki. All patients included in 
the study provided written acceptance and informed 
consent. In order to obtain clinical information from the 
patients, we reviewed their medical records for gender, 
age, tumor size, sites of the primary tumor (right, 
transverse, left and sigmoid colon and rectum), T and 
N stages according to the American Joint Committee 
on Cancer, histological grading according to World 
Health Organization criteria including well, moderate, 
or poor differentiated colorectal adenocarcinoma[13].

Tissue processing and immunohistochemistry
After we reviewed the slides and confirmed the 
pathologies and tumor gradings, three µm-thick serial 
sections were cut from each block, deparaffinized 
in xylene, rehydrated in graded alcohol series, and 
subjected to enzymatic immunohistochemistry utilizing 
a rabbit-anti-human anti-beta-2 adrenergic receptor 
(NBP2-15564, diluted as 1:200, Novus Biologicals, 
United Kingdom) and a rabbit anti-human anti-S100 
(Z0311, diluted as 1:100, Dako, Glostrup, Denmark) 
primary antibodies. Briefly, the sections were first 
processed for antigen retrieval by microwaving in 
citrate buffer pH 6 for 20 min, incubated in 1% 

hydrogen peroxide in distilled water for 30 min to 
block the endogenous peroxidase activity, kept for 
another 30 min in 3% skimmed milk in PBS, then 
incubated with the primary antibodies at 4°C for 18 
h. Next day, the signal was amplified for 30 minutes 
utilizing a species-specific peroxidase polymer-based 
system adsorbed for human immunoglobulins (Nikirei-
Bioscience, Tokyo, Japan). The signal was finally 
detected with 3,3’-diaminobenzidine (DAB) (Dako) and 
the slides were coverslipped in DPX (Sigma-Aldrich, 
St. Louis, MO, United States) after a hematoxylin 
and eosin staining. All slides stained for each of the 
primary antibodies have been processed at the same 
time for protocol consistency together with control 
slides stained either with DAB or with hematoxylin and 
eosin in order to obtain pure spectral signatures of the 
respective stains (see further below). Negative controls 
were obtained by omitting the primary antibodies.

Image processing and statistics
In order to evaluate and quantify the immunohis
tochemical expression of the targets, light microscopy 
images were acquired on a Nikon Eclipse 90i motorized 
microscope (Elta90, Bucharest, Romania) equipped 
with a Nuance FX multispectral camera and the Nuance 
analysis software (Perkin Elmer, Hopkinton, MA, United 
States). After building a spectral library from individual 
slides stained with either hematoxylin or DAB (as 
described above), we were able to efficiently unmix 
and characterize the immunohistochemical expression 
patterns of interest (Figure 1). Furthermore, unmixed 
DAB signal was quantified as area and integrated 
optical density (average intensity/density of each area 
of interest) on 10 random images captured with a 20 
× objective, using the Image-Pro Plus AMS 7 image 
analysis software (Media Cybernetics, Bethesda, MD, 
United States); the resulting data were averaged for 
each patient, and finally averaged and compared 
for each histopathological grade. Stroma was also 
considered separately in this analysis, by manually 
defining regions of interest in the captured images prior 
to their analysis.

The total identifiable submucosal (Meissner's), 
myenteric (Auerbach's), and intratumoral nervous 
plexuses, as well as the multiaxonal bundles of nerves 
(> 20 µm) were imaged on the slides stained for S100 
protein, and areas measured by manually defining 
the respective regions of interest. For referring 
densitometry data to total histological areas, whole 
hematoxylin-eosin slides were scanned on a desktop 
Benq 5560 scanner together with a microscopic stage 
micrometer at 4.800 dpi against a white background. 
Image files were loaded in Image-Pro Plus, and after 
pixel-size calibration for 1 mm against the microscopic 
stage micrometer, images were segmented and areas 
measured based on the same RGB profile created to 
automatically select the tissue on all the slides. 

Data obtained after using the Image-Pro Plus 
AMS software were exported and plotted in Microsoft 
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the signal seemed to lose its granular appearance, 
becoming more diffuse and more intense in the 
epithelial cells.

In poorly differentiated adenocarcinomas, the 
intensity of the signal increased in the cytoplasm of the 
tumor cells, where on a general intense background, 
one could also identify very intense hotspots sur
rounding the nuclei with a random-like disposition 
against them. This time, a clear-cut granular signal 
could now be observed on occasions in the nuclei or 
the folds of the nuclear membrane of the tumor cells. 
A direct counting of the epithelial tumor cells exhibiting 
this intranuclear/close perinuclear expression pattern 
of B2A revealed a heterogenous distribution with an 
average of 12.84% positive- cells [± 12.10% (SD), 
min = 3%, max = 49%]. 

On average, there was no signal difference between 
different tumor stages for the staining of the stromal 
elements.

B2A receptors were also present in both stromal 
cells as well as nerves and nervous ganglia. In both 
submucosal and myenteric plexuses from the normal 
colon, the marker exhibited a dense-diffuse pattern 
in the cytoplasm of the ganglion cells, as well as 
in the satellite cells (Figure 3). Its expression was 
much fainter in the Schwann cell cytoplasm within 
the nerve bundles associated with non-tumor tissue. 
In the tumor tissue, there was a somewhat denser 
appearance in the cytoplasm of ganglion cells, and 
interestingly, larger nerve bundles showed a clear-
cut increase in signal density compared to non-tumor 

Office Excel 2010 (Microsoft Corporation, Redmond, 
Washington, United States) and were analyzed by using 
SPSS software (IBM SPSS Statistics, Version 20.0). 
In order to assess statistical differences we used the 
student t-test for comparing the means of two groups 
and one-way ANOVA (ANOVA - analysis of variance) 
with Bonferroni’s post hoc analysis in order to compare 
the means of more than two groups. Correlations were 
assessed using the Pearson’s correlation coefficient. 
Data were reported as mean ± SD or the standard error 
of the means (SE). In all cases, p < 0.05 was used to 
indicate statistical significance.

RESULTS
Histopathological characterization
We first sought to characterize the morphological 
expression of B2A receptor, taking advantage of the 
multispectral unmixing microscopy (Figure 2). Besides 
a faint diffuse cytoplasmic reaction on normal colon 
mucosae, B2A exhibited a granular-like pattern in the 
cytoplasm of the enterocytes above the nuclei, towards 
the luminal side of the covering epithelium. In the 
goblet cells, the signal was localized most frequently 
below the nucleus. Stromal cells also showed granular 
staining in their cytoplasmic compartment.

In well differentiated adenocarcinomas, most of the 
signal was still located towards the luminal side of the 
tumor cells, although on occasion granules could be 
clearly identified in the basal pole of the cells. 

In moderately differentiated adenocarcinomas, 

A B

C D

Figure 1  Example of spectral unmixing for the series of slides. A: Immunostained for beta-2 adrenergic receptors with DAB and counterstained with hematoxylin; 
B: Pure DAB and hematoxylin signals are shown either overlapping or (C and D), individually. 
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tissue. Smaller nerve bundles (deemed thinner than 
20 µm for data stratification) were stained very faintly, 
as in the control tissue. 

B2A expression pattern in normal colonic mucosa and 
in different gradings of colorectal adenocarcinoma
In this study, nine patients as controls and sixteen for 
each tumor grading were included. The expression of 
B2A receptors was analyzed by determining both the 
area and the integrated optical density (IOD) of the 
signal, both in the total tissue and in the epithelial and 
stromal tissue for all the cases included in the study, 
as described in the Materials and Methods section; 
this was expressed as the mean ± SD. Regarding 
the expression of B2A receptors in the total tissue 
belonging to each patient included in the study, we 

observed that there was a gradual increase of both 
the area and IOD (Figure 4A and D) from the normal 
tissue to G1, G2 and G3 differentiated adenocarcinoma 
(from 5598.4 ± 3393.9 µm2 for area and 862176.0 
± 469798.7 for IOD in normal tissue to 11583.3 ± 
5521.3 µm2 for area and 1717361.9 ± 886266.2 
for IOD in G1, 27891.1 ± 12118.5 µm2 for area and 
4240529.2 ± 1795221.7 for IOD in G2 and 37218.5 ± 
9738.5 µm2 for area and 5560460.5 ± 1720879.6 for 
IOD in G3). In this instance, we observed a statistical 
significance on one-way analysis of variance with post 
hoc comparisons using the Bonferroni’s test between 
normal tissue and G2, G3 (p = 0.000) and also 
between G1 and G2, G3 (p = 0.000) both for the area 
of B2A and for the IOD. 

Regarding the expression of B2A receptors only 

Figure 2  Analysis of the expression of beta-2 adrenergic receptors in the normal and tumor colon tissue. RGB (A) and unmixed (B; b1, b1a; b2, b2a) images 
showing receptor presence mostly as dense granules in the supranuclear sector of the superficial layer of enterocytes (b1; b1a), as well as in the sub-nuclear region 
of the glandular cells of the crypts (b2; b2a). In well differentiated adenocarcinoma, RGB (C) and unmixed images (D; d1, d1a; d2, d2a) revealed a more dense-diffuse 
like pattern of expression mostly in the apical sector of the cells (d, d1a), but also in the basal pole of the cells (d2, d2a). In moderately differentiated adenocarcinoma, 
RGB (E) and unmixed images (F; f1, f1a; f2, f2a) revealed an ever denser and more uniform expression pattern in all the cytoplasm of the tumor cells. In poorly 
differentiated adenocarcinomas, RGB (G) and unmixed images (H; h1, h1a; h2, h2a) reveal an even denser granular expression pattern, with occasional intra(peri) 
nuclear localization (arrows in h2 and h2a). Small letters represent enlarged insets from the capital lettered images. 
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in the epithelium areas, this had a similar growth to 
its expression in the total tissue (Figure 4B and E); 
from normal tissue to G1, G2 and G3 differentiated 
adenocarcinoma (from 3076.5 ± 1895.5 µm2 for area 
and 485440.8 ± 299641.9 for IOD in normal tissue 
to 7997.6 ± 5344.5 µm2 for area and 1255032.6 ± 
834235.5 for IOD in G1, 25423.0 ± 11100.6511 µm2 
for area and 3914461.91 ± 1673240.4 for IOD in G2 
and 34670.1 ± 9146.9 µm2 for area and 5184455.0 ± 
1670704.2 for IOD in G3). Moreover, in this situation, 
we also observed a statistically significant difference 
between the normal tissue and G2, G3, similar to 
the expression of B2A receptors in the total tissue 
(p = 0.000) and G1, G2 and G3 (p = 0.000), but 
in addition, we also noticed a statistically significant 
difference between G2 and G3 (p = 0.047) only for the 
area, while for IOD there was no significant difference 
(p = 0.141).

No significant differences between the means of 
B2A receptor expression and IOD in the stroma of 
the normal colonic mucosa and different gradings 
of the colorectal adenocarcinoma could be observed 
(Figure 4C and F). These data show an increase of the 
expression of B2A receptors with the tumor grading 
with regard to the epithelium and not the stroma.

Morphological changes of the ENS in colorectal 
adenocarcinoma
We analyzed the submucosal (Meissner’s), myenteric 
(Auerbach’s) and intratumoral nervous plexuses, as 
well as those of multiaxonal bundles of nerves (larger 
than 20 µm) that could not be included either in the 
Auerbach or in the Meissner plexus, by calculating the 
percentage average of the area of total nervous tissue 
separately for both the normal colonic tissue and in 

different tumor gradings.
The density of the total nervous tissue expressed 

by percentage area recorded the smallest values in 
G1 graded tumors (0.129% ± 0.052%), followed by 
normal colonic tissue (0.184% ± 0.041%), G2 graded 
tumors (0.355% ± 0.131%) and G3 graded tumors 
(0.264% ± 0.172%) (Figure 5A). Here, statistical 
differences between the percentage area from the 
normal colonic tissue and percentage area from G2 
tumors (p = 0.013) were observed.

The density of the Auerbach plexus relative areas 
revealed a net decrease from the normal tissue 
(0.136% ± 0.039%) to G1 (0.067% ± 0.043%), G2 
(0.094% ± 0.078%) with a minimum for G3 gradings 
(0.023% ± 0.040%) (Figure 5B). As far as this plexus’ 
density was concerned, significant differences were 
recorded between the percentage area from the 
normal colonic tissue and the percentage area from G3 
(p = 0.013) tumors.

On the other hand, larger nervous bundles showed 
about the same pattern for the total analyzed areas 
(Figure 5C), but with a growth of the percentage 
nervous area in the normal colonic mucosa (0.013% 
± 0.006%), in G1 (0.052% ± 0.033%), G2 (0.248% 
± 0.087%) and in G3 (0.241% ± 0.146%) tumors. 
In this case, significant differences between the 
percentage nervous area in the normal colonic tissue 
and the area in G2 (p = 0.001) and G3 tumors (p = 
0.002), and also between the percentage nervous area 
in G1 and the percentage nervous area in G2 (p = 
0.004) and G3 tumors (p = 0.008), were recorded.

Furthermore, differences between the relative area 
of Meissner plexuses revealed the same pattern as for 
the Auerbach plexuses (Figure 5D), with a maximum 
in the normal colonic tissue (0.034% ± 0.017%), 

Figure 3  Expression of beta-2 adrenergic receptors in the normal and tumor peripheral nervous tissue on serial sections immunostained for S100 
protein (A, C, E, G) and B2A (B, b1; D; d1; F, f1; H, h1). Spectral unmixing showed that in the normal submucosal (b1) and myenteric (d1) plexuses, B2A was 
mostly expressed in the cytoplasm of the ganglion cells, being absent in small nerves dissecting the muscularis proper layer (C and D). Even in larger non-invaded 
nerves B2A showed a faint expression (E-F, f1 spectral unmixing). However, in invaded ganglia (G, g1) and nerves (H, h1) its expression seems to be expressed in 
both the cytoplasm of the ganglion cells (arrows in g1 - unmixed), as well as in the larger nerve bundles (h1 - unmixed). Small letters represent enlarged insets from 
the capital lettered images. 
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followed by G1 (0.009% ± 0.005%), G2 (0.012% ± 
0.013%) and with a minimum in G3 tumors (0.002% 
± 0.003%).

These data suggest, on one hand, a decrease 
of the relative area of both Auerbach and Meissner 
plexuses with increasing tumor grading, and on the 
other hand, an increase of the relative area of other 
nervous elements that could not be included either in 
the Meissner plexus or in the Auerbach plexus, again 
with the tumor grading.

Relationship between B2A receptor area-IOD and 
clinicopathological features
Both B2A receptor expression area and IOD were 
significantly linked with tumor size, tumor invasion 
and lymph node metastasis, while there were no 
statistically significant connections with gender, 
CRC location and gross appearance. Regarding the 
involvement of age, there was no significant difference 
between B2A area in patients under 60 years old 
and patients over this age, while between B2A IOD 

Figure 4  Analysis of the expression of beta-2 adrenergic receptors. Total expression area increases gradually from normal tissue to G1, G2 and G3 differentiated 
adenocarcinoma (A), and this differentiation is driven by the expression in the epithelial areas (B), where assessing stromal signal revealed no differences (C). The 
same scenario is obtained when evaluating the integrated optical density (IOD) of the signal (D-F). aP < 0.05 represents statistical significance on one-way analysis of 
variance with post hoc comparisons using the Bonferroni’s test. Error bars represent standard errors of the mean. B2A: Beta-2 adrenergic.

45000

40000

35000

30000

25000

20000

15000

10000

5000

0
N                 G1               G2                G3

Ar
ea

 (
mm

2 )

a

a

B2A total area

40000

35000

30000

25000

20000

15000

10000

5000

0
N                 G1               G2                G3

Ar
ea

 (
mm

2 )

a

a

B2A epithelium only area

a

4500

4000

3500

3000

2500

2000

1500

1000

500

0
N                 G1               G2                G3

Ar
ea

 (
mm

2 )

B2A stromal only area

7000000

6000000

5000000

4000000

3000000

2000000

1000000

0
N                 G1               G2                G3

a

a

B2A total IOD

600000

500000

400000

300000

200000

100000

0
N                 G1               G2                G3

B2A stromal only IOD

6000000

5000000

4000000

3000000

2000000

1000000

0
N                 G1               G2                G3

a

a

B2A epithelium only IOD

a

A B

C D

E F

Ciurea RN et al . B2A receptors-ENS in colorectal cancer



1257 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

and patients included in these age groups we found 
a significant difference (p = 0.018). These data are 
summarized in Table 1.

Moreover, for G1 tumors we found that epithelial 
B2A area showed an inverse correlation with the 
Auerbach plexus areas [r(14) = -0.531, p < 0.05], 
while for G2 tumors, epithelial B2A areas showed an 
indirect variation with both the Auerbach plexus areas 
[r(14) = -0.453, p < 0.05] and the Meissner areas 
[r(14) = -0.825, p < 0.01]. For G3 tumors, the inverse 
dependence increased for both Auerbach [r(14) = 
-0.587, p < 0.05] and Meissner [r(14) = -0.934, p 
< 0.05] plexuses. In control tissue, we also found a 
strong indirect correlation between the B2A signal area 
and the Auerbach relative areas [r(7) = -0.897, p < 
0.01], but not with the Meissner plexuses.

DISCUSSION
Both tumor microenvironment and its constituents 
have an extremely important role in carcinogenesis 
and in tumor progression. The interaction of neoplastic 

and of endothelial cells and the extracellular matrix 
with the cells of the immune system and also with 
other elements have been carefully analyzed for 
their contribution as putative molecular targeted 
(antiangiogenic) therapies[14]. However, the mechanisms 
that drive the pathogenesis and evolution of neoplasms 
are far from being understood. In colorectal neoplasm, 
nervous elements from the tumor microenvironment 
seem to play an important role. Regarding, for 
example, perineural invasion, Liebl et al[15], in a study 
that included 673 patients diagnosed with colorectal 
cancer, concluded that nerve invasion influences in a 
negative way the survival of the patients with colorectal 
cancer. However, it is not known if the nervous 
elements intervene first in the neuro-neoplastic 
chain, or if this role belongs to neoplastic cells both 
at the colorectal level and in other localizations of the 
neoplastic process.

In our study, we approached the neuro-neoplastic 
interrelationships in colorectal adenocarcinoma, 
both as a structural characterization (by showing the 
changes of the ENS) and as an indirect functional 
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characterization (by analyzing the expression of B2A 
receptors).

Regarding the morphology of the ENS, we found 
a decrease of the relative area, both for Auerbach 
and Meissner plexuses, with the increase of the 
tumor grading and on the other hand, an increase 
of the relative area of other nervous elements that 
could not be stratified in the Meissner plexus or in 
the Auerbach plexus with the tumor grading. A study 
from 2004 showed that degenerative changes of the 
intrinsic neurons of the digestive tract cause either 
direct proportional variation between the size of 
nervous ganglions and tumor invasion and also an 
inverse proportional variation with the expression of 
synaptophysin in the enteric neurons of the colon[16]. 
However, Godlewski showed that enteric nervous 
elements were not found in solid colorectal tumors, 
a finding which in fact supports some symptoms of 
patients with colorectal carcinoma[17]. Kozlowska et 
al[18] recently discovered that atrophy of the myenteric 
plexus takes place in the immediate vicinity of the 
colorectal neoplasm, leading to a decrease both 
in the size of the nervous ganglia and also in the 
number of neurons per plexus, in comparison with 
the nervous plexuses located at a distance from 
the tumor advancing edge, but this atrophy did not 
occur in the submucosal plexus. The atrophy of the 
myenteric plexus is most probably not caused by 
apoptosis, as both the extrinsic pathway of apoptosis 
activation via caspase 8 (CASP8) and the intrinsic 
pathway via activation of the caspase 3 (CASP3) are 
not different between the myenteric plexuses situated 
in the immediate vicinity of the colorectal neoplasm 
and those which are located at a distance from this 

process[18]. Many of the symptoms specific to colorectal 
cancer, such as change in bowel habit, flatulence, 
bloating and mucus discharge, constipation due to 
the alteration of the peristalsis, abdominal pain and 
others[19] can be explained by the structural alterations 
of the ENS, highlighted both in our study as well as in 
the studies mentioned above. 

Regarding the neuro-neoplastic interrelationships at 
the colorectal level, we chose to study the expression 
of B2A receptors, because many intracellular 
signaling pathways have been discovered via this 
type of receptors up till now; these are involved in 
the initiation, progression and cancer metastasis. 
In a previous study of a group of three patients, we 
have recently reported that the expression of B2A 
receptors increases with the tumor grading, but a 
large cohort study is still necessary in order to confirm 
this observation[20]. Neurotransmitters which act 
on this type of receptor are mainly adrenaline and 
noradrenaline. The role of noradrenaline in colorectal 
cancer development was highlighted by an increase 
in the locomotor activity of SW 480 colon carcinoma 
cells and by blocking its effects on this type of cells 
after using the beta1/2 blocker propranolol[21]. 
Moreover, the norepinephrine transporter, which 
plays an important role in mediating the effects of 
norepinephrine, is expressed by the enteric neurons[11]. 
Also, adrenaline acts on this type of receptor, being 
the most important agonist of B2A receptors[22]. 
Several studies have shown the effects of adrenaline 
in colorectal adenocarcinoma[23-26]. It is well known 
that B2A receptors for these neurotransmitters are 
G protein-coupled receptors[27], and their activation 
may trigger complex intracellular signaling involved 

Table 1  Relationship between beta-2 adrenergic receptor expression and clinicopathological features

Clinicopathological features n  B2A only area (µm2) P  value1 B2A only IOD P value1

mean ± SD mean ± SD

Gender
   Male 38   25332.4 ± 15753.5 0.126     2861294.1 ± 1735364.6 0.109
   Female 19   19450.2 ± 11703.5     3833335.5 ± 2431953.4
Age group
   < 60 15   28796.9 ± 13781.3 0.085         4742202.6 ± 2372372.902  0.018a

   ≥ 60 42   21584.2 ± 14860.9     3086368.8 ± 2092543.9
Tumor size
   < 5 cm 23   15778.7 ± 13661.5  0.003a 2463149.731 ± 2229187.1  0.008a

   ≥ 5 cm 25   28241.1 ± 13584.4     4188867.1 ± 2074271.4
CRC location
   Right and transvers colon   9   24817.5 ± 19874.7 0.412     3818617.6 ± 3131069.5 0.375
   Left colon, sigmoid and rectum 39   23347.2 ± 14047.3     3492859.3 ± 2140467.2
Gross appearance
   Exophytic 20   23166.8 ± 14796.3 0.429     3260358.1 ± 2057001.7 0.208
   Infiltrative, ulcero-infiltrative 28   24010.8 ± 15114.6     3852705.4 ± 2501409.4
Tumor invasion
   T1-2 17 11110.3 ± 6784.4  0.000a     1650300.5 ± 1004078.8  0.000a

   T3-4 31 36025.2 ± 8632.1     5433145.7 ± 1423440.9
Lymph node metastasis
   N0-1 21   19264.3 ± 12628.1  0.010a     2904065.0 ± 1922977.6  0.013a

   N≥ 2 27   30022.8 ± 15745.7     4498210.2 ± 2467186.4

1Student t-test. aP < 0.05 statistically significant. IOD: Integrated optical density; B2A: Beta-2 adrenergic.
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in the carcinogenesis process, such as the activation 
of the arachidonic acid cascade and also other 
pathways via the second messenger cyclic adenosine 
monophosphate (cAMP)[14,28]. Other intracellular 
signaling pathways are: proto-oncogene tyrosine-
protein kinase Src (c-Src), involved in cancer 
progression and also in promoting other signals; 
mitogen-activated protein kinase (MAPK); protein 
kinase B(Akt); extracellular signal-regulated kinases 
(ERK1/2); cAMP response elements (CREB), which 
are linked to certain DNA sequences that decrease 
or increase the transcription of variate genes 
downstream[12,29,30]. This type of receptor was also 
studied in other types of cancer including for example 
pancreas cancer[28], lung cancer[31], breast cancer[32] 

and prostate cancer[33]. Moreover, our analysis revealed 
a possible intranuclear/tight perinuclear localization of 
B2A receptors in poorly differentiated adenocarcinoma, 
suggesting a connection between its arresting on 
the downstream of the signaling pathways and more 
drastic cellular dedifferentiation and loss of function/
gain of function signaling misbalances. Although 
more data are not yet available to clearly show the 
connection between B2A receptor levels and tumor 
recurrence, corresponding to the clinical outcomes of 
these patients, we are following up these patients for 
future reference. To date, functional B2A receptors 
have been reportedly found on the nuclear membranes 
of ventricular myocardiocytes[34], but to our knowledge 
this is the first description for colon adenocarcinoma 
cells. Further functional and electron microscopy 
studies will still be needed to clarify the implications of 
this observation.

In our study, it was not possible to know for sure 
if the nervous structures that were deemed as other 
nerves were actually modified ganglia from the two 
plexuses or whether they represent sympathetic 
or parasympathetic afferents or efferents. They 
could not be catalogued either as ganglia belonging 
to the Meissner plexus or as ganglia belonging to 
the Auerbach plexus due to the structural changes 
caused by the neoplastic process. Neuro-neoplastic 
functional studies are required in order to find out if 
these nervous elements found in advanced gradings 
of colorectal adenocarcinoma secrete adrenaline and 
noradrenaline, and in this case, the regulation of B2A 
receptors examined in our study would be paracrine; 
however, the source of catecholamines could only be 
represented by the medulla, which seems to be least 
plausible if we take into account the short half-life of 
the catecholamines that activate B2A receptors[22].

We showed here that B2A area of expression in 
the tumor epithelium shows a moderate to strong 
inverse correlation with the areas of the Auerbach and 
Meissner plexuses. Although these are components 
of the stroma, there was no significant correlation 
between stromal or total B2A area and the number 
of nervous plexuses. There are too few elements 

to judge a functional association between these 
factors, but this is to our knowledge the first report 
of such a correlation for colon cancer. However, there 
are studies on breast tumors showing that stress-
induced neuroendocrine activation leads to a massive 
increase of metastasis, and treatment of stressed 
animals with the β-antagonist propranolol reversed the 
stress-induced inflammatory infiltrate and inhibited 
tumor metastasis[32]; all these suggesting that the 
sympathetic nervous system might act as a regulator 
for tumor spreading and metastasis.

In conclusion, B2A receptors have a high ex
pression level in the neoplastic cells from colorec
tal adenocarcinoma, and we found a significant 
association between the expression of B2A receptors 
and tumor grading. This shows that B2A receptors 
may play an important role in antineoplastic therapy 
or that they can be utilized as a prognostic factor. 
On the other hand, besides the functional changes 
caused by B2A receptors, structural changes of the 
ENS caused by the neoplastic process and the upward 
trend of the relative area of the nerves in colorectal 
adenocarcinoma might suggest that studies to develop 
targeted molecular therapies could be aimed not only 
at angiogenesis but also at neurogenesis in colorectal 
cancer; this might represent an important treatment 
pathway. 

COMMENTS
Background
Colorectal cancer still remains one of the major health problems worldwide. In 
this article, the authors wanted to compare the morphological changes of the 
enteric nervous system (ENS) and to evaluate the changes in expression of the 
beta-2 adrenergic (B2A) receptors in primary colorectal cancer compared with 
normal colic mucosa, and also to find significant associations between these 
parameters and clinicopathological features.

Research frontiers
The mechanisms that drive the pathogenesis and the evolution of neoplasms 
are far from being understood. Translational studies that identify new colorectal 
cancer prognostic markers, molecular changes that appear at the initiation of 
carcinogenesis and during cancer’s progression, as well as treatment targets 
such as nervous elements, are thus needed. 

Innovations and breakthroughs
The authors provide the first description of B2A receptors found in/on the 
nuclear membrane of colon adenocarcinoma cells. B2A receptors have a high 
level of expression in the neoplastic cells from colorectal adenocarcinoma, and 
a significant association was found between the expression of B2A receptors 
and tumor grading. Until now, many intracellular signaling pathways have 
been discovered via this type of receptor, which are involved in the initiation, 
progression and cancer metastasis. On the other hand, in colorectal neoplasm, 
nervous system elements from the tumor microenvironment seem to play an 
important role.

Applications
The present study looks into B2A receptors and morphological changes of 
the ENS in primary colorectal cancer. B2A receptors may play an important 
role in antineoplastic therapy, and they can be utilized as a critical prognostic 
factor. On the other hand, the structural changes of the ENS in colorectal 
adenocarcinoma may lead to targeted molecular therapies not only regarding 
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angiogenesis, but also concerning neurogenesis in colorectal cancer.

Terminology
B2A receptors are G protein-coupled receptors and their activation may 
trigger complex intracellular signaling involved in the carcinogenesis process. 
Neurotransmitters which act on this type of receptor are mainly adrenaline and 
noradrenaline.

Peer-review
The authors investigated the neuro-neoplastic interrelationship in colon cancer. 
Authors assessed the expression pattern of B2A receptors and morphological 
changes of the enteric nervous system in 48 primary colorectal cancers and 9 
control non-colon cancer specimens. They concluded that B2A receptors could 
serve as a prognostic factor in colorectal cancer.
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