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Introduction
Although important progress was made in what the evolution, the pathogenesis of the
colorectal cancer and, also, the screening and the diagnostic procedures and the therapeutic
methods are concerned, this type of neoplasm remains the third most frequent type of cancer
diagnosed in the world and, also, the fourth main cause of death worldwide [1]. There are many
molecular mechanisms underlying this neoplasm and blocking the intra/intercellular signalizing
pathways had beneficial results, negatively influencing colorectal tumorigenesis, this principle
underlies the emergence of molecular targeted therapies. However, this type of neoplasm creates
important problems both in terms of morbidity and mortality, thus, things are not yet fully
understood and, it is still necessary that more possible pathways involved in the pathogenesis of
this type of neoplasm to be studied, in order to discover new therapeutic targets and, also, to reduce
the negative statistical indicators of this disease.
I chose this doctoral research topic taking into account, on one hand, the epidemiological
data and, on the other hand, the suspicion of involvement in colorectal carcinogenesis of some
elements of the peripheral nervous system, the glial cells, together with inflammatory elements.
In accordance with the current rules and principles regarding the drafting of a doctoral
thesis my paper contains two parts.
The first part contains three main chapters. In the first one, I reviewed the latest data on
colorectal cancer, emphasizing, in the first place, the risk factors and the main elements of the
colorectal carcinogenesis, in order to understand the mechanisms by which the enteric glial cells
and the inflammatory elements affect colorectal carcinogenesis. In the last two chapters of the first
parts, I analyzed the enteric glial cells and the inflammatory elements.
In the second part, I presented my own contributions to the doctoral theme approached.
Thus, after I structured the aim and the objectives of the study, I presented the material and the
methods that I used, exposing pathological anatomic tissue especially to the multispectral
microscopy technique, utilized for the first time in analyzing the expression of the enteric glial
cells in colorectal cancer. Subsequent, I realized a clinical and epidemiological study of the patients
included in the study, in order to use these data for analyzing the expression of the enteric glial
cells, the intratumoral leukocyte infiltrate and the tumor proliferation degree. I also established
correlation between the parameters evaluated in patients enrolled in the study, then, I compared
the results of my research with the results directly or indirectly referring to the approached theme,
results already existing in literature. Finally, I established the conclusions derived from this study’s
research.

First Part. The state of knowledge
Colorectal cancer (CCR) is the third most frequently diagnosed type of cancer in the world
and, also, the fourth main cause of death worldwide, in 2012 more than 1.3 million cases (9.7% of
the total number of neoplasms, excluding other skin cancer, excepting melanoma) were recorded
and also caused 690 000 deaths (8.5% of the total number of deaths caused by cancer, excluding
other skin cancer, excepting melanoma) [1].
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Understanding the interaction between the additional factors of the tumor micromedium,
such as enteric glial cells or inflammatory cells, with colorectal neoplasm’s cells may elucidate
many of the pathways of the colorectal neoplasm’s pathogenesis.
About the enteric glial cells, considered for a long period of time only playing a supporting
role for the enteric neurons, now, it is well known their role in maintaining the homeostasis of the
enteric neurons, in the support and the stability of the enteric nervous system from the intestinal
wall, in the enteric neurotransmission and, also, it is well known that they represent an important
resource for the enzymes involved in the neurotransmitters’ synthesis and, nevertheless, their
important role in adjusting the functions of the intestinal barrier [2-8]. The studies anteriorly
mentioned suggest that the enteric glial cells, through the soluble factors that they synthetize, play
an important role in maintaining the intestinal barrier and in controlling cell proliferation, so,
affecting their integrity in colorectal adenocarcinoma would represent a favorable element for cell
proliferation and metastasis.
Inflammation is unlikely to cause sporadic CCR, because the majority of the immune
intratumoral cells are being recruited after the tumor is formed and, in this case, the inflammation
does not precede, but follows colorectal tumor initiation [9]. However, after tumor initiation, tumor
micromedium recruits inflammatory cells, which may cause the accumulation of additional
mutations in the neoplastic cell genome thus, contributing to tumor progression
[10 - 13].

Second Part. Own contributions
Aim and objectives
The current study has proposed full and detailed evaluation of the enteric glial cells
remodeling and of the inflammatory elements in colorectal cancer, in order to identify possible
therapeutic and prognostic targets.
The study was prospectively led and, for achieving the main goal, the following objectives
were pursued:
 Creating a database containing the main epidemiological, clinical, histopathological, as
well as immunohistochemical parameters of the patients included in this study;
 Identifying and defining the immunohistochemical parameters of the enteric glial cells and
of the inflammatory elements, with the aim of subsequently correlating them with the
clinical and pathological features of the patients enrolled in the study, in order to evaluate
the enteric glial cells remodeling and the intratumoral leukocyte infiltrate;
 Evaluation of cell proliferation, of intratumoral leukocyte infiltrate and of sympathetic
nervous system’s influence, by analyzing the expression of B2 adrenergic receptors, in
order to establish correlations with the enteric glial cells expression;
 Identifying some possible molecular and prognostic targets, with the purpose of applying
early and different therapies, depending on the correlation between enteric glial cells
remodeling and intratumoral leukocyte infiltrate with sympathetic influences, tumor
proliferation degree and also clinical and pathological features of the patients included in
the study.
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Material and methods
The study was a prospective analytical, descriptive observational one, comprising a total
number of 52 patients, diagnosed with colorectal adenocarcinoma, selected over a period of two
years (2015-2016). In order to avoid bias, patients were consecutively included in the study.
The cases that were analyzed were from patients, who were admitted to the Gastroenterology
Clinic of the Emergency County Hospital of Craiova, where the suspicion of a malignant tumor
formation at the colorectal level arose after clinical and imagistic exams were performed.
Subsequently, these patients underwent surgical resection of a colorectal segment, in the Surgery
Clinic of the same hospital. The biological material, taken during the surgical therapy, was
immediately put in formalin solution 10% and, then it was sent to the Pathological Anatomy
Laboratory of the Emergency County Hospital of Craiova, where it was initially macroscopically
examined, and then it was subjected to processing techniques for microscopic analysis. Fragments
of the histological material were further processed in the “Center for Microscopic and
Immunological Morphology Studies” of the University of the Medicine and Pharmacy of Craiova,
where the immunohistochemical study was performed.
For the acquisition and computerized imaging analysis, I used the optical microscopy
method and the multispectral microscopy method.
For the first time in literature, I performed the study of the enteric glial cells remodeling,
as well as the study of the intratumoral leukocyte infiltrate by using the multispectral microscopic
technique. This is based on the multispectral camera’s capacity of transforming an image, obtained
by optical microscopy, in a spectral compound and then, of obtaining separate images for each
color spectrum of the spectral compound obtained by the camera, by using the soft anteriorly
mentioned. This process is highlighted in the following figures, where, initially, we have an image
of a lymph node of the Auerbach nervous plexus obtained by optical microscopy (Figure 1), then
the image obtained by the spectral compound, obtained with the multispectral camera, is presented
(Figure 2) and finally to have the non-mixed monochromatic spectral images, for each color
(Figure 3, 4), for each image obtained by optical microscopy a spectral “library” was created.

5

Figure 1. Image of a lymph node from the Auerbach nervous plexus, in optical microscopy,
immunomarking S100, 40x.

Figure 2. Spectral composite image; mixed colors can be seen: blue for the nuclei and brown for
the target antigens, that identify nervous elements (S100 protein), 40x.
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Figure 3. Non-mixed image for the brown spectral color. Only the color for the target antigens,
which identify nervous elements can be observed (protein S100), 40x.

Figure 4. Non-mixed image for the blue color spectrum. Only the color for the nuclei can be
observed, 40x.
The main parameters were calculated by using ImagePro Plus AMS 7 software and were
represented by the area and the integrated optical density of the color signal that has been selected.
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For these parameters and, also, for the proliferation index, numerical data were obtained and were
analyzed by using Microsoft Office Excel 2010 (Microsoft Corporation, Redmond, Washington,
USA) software and, after the graphic representation, they were exported in SPSS (IBM SPSS
Statistics, Version 20.0) software, where, firstly, the mean and the standard deviation for each
group were calculated and then the statistical analysis followed.

Results
Assessment of the enteric glial cells, that expressed GFAP, in the enteric
nervous system
The percentage area of the total nervous tissue, calculated with S100 immunomarker, was
on average 0.121296±0.079121%/mm2, while the percentage area of the enteric glial cells,
calculated with GFAP immunomarker, was on average 0.003056±0.001485%/mm2, which meant
a percentage of the enteric glial cells of 2.52% of the total nervous tissue.
Subdividing the area occupied by the enteric glial cells, evaluated with GFAP
immunomarker, in plexuses, I observed that the percentage area of the glial cells of the Meissner
nervous plexus was 0.00013±0.000101%/mm2 , the percentage area of the glial cells of the
Auerbach nervous plexus was 0.002237±0.001562%/mm2 and, the percentage area of the glial
cells of other multiaxial nerve threads with a diameter greater than 20 µm was
0.001074±0.000677%/mm2, the percentage area of the glial cells of the Auerbach plexus being
higher than the percentage areas of the other two categories.

Assessment of the intratumoral leukocyte infiltrate
The intratumoral leukocyte infiltrate was evaluated only intraepithelial, the intratumoral
leukocyte infiltrate from the stroma was not taken into account. Immunohistochemically, the
intratumoral leukocyte infiltrate was evaluated by using CD45 immunomarker (CLA – common
leukocyte antigen), which identifies all leukocytes, calculating for this, both the signal area and
the integrated optical density (IOD) in all colorectal cancer’s three stages of differentiation, by
using multispectral microscopy. I noticed a gradual increase of both the area and of the integrated
optical density –IOD, from well differentiated colorectal adenocarcinoma (2104.296 ± 826.0828
µm2 for area and 259863.0316 ± 106263.5552 for IOD) to moderately differentiated colorectal
adenocarcinoma (4450.312 ± 1328 µm2 for area and 523583.331 ± 151044.9749 for IOD), and
respectively to poorly differentiated colorectal adenocarcinoma (7693.812 ± 1840.834 µm2 for
area and 946815.1146 ± 236017.7378 for IOD).

Assessemnt of tumor cells proliferation
The proliferative activity of the colorectal carcinoma, for the patients included in the study,
was evaluated with Ki67 monoclonal antibody, calculating for each patient the tumor proliferation
index, expressed as a percentage. I noticed that in patients diagnosed with well differentiated
adenocarcinoma (G1), tumor proliferation activity was 25.9381 ± 13.5667 %, while in patients
with moderately differentiated adenocarcinoma, tumor proliferation activity was 44.2435 ±
16.9495 %, while in patients diagnosed with poorly differentiated adenocarcinoma, tumor
proliferation activity recorded the higher rate of 45.2962 ± 29.2526%.
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Correlations between the parameters evaluated for the patients
included in the study
In what correlations between the area of the enteric glial cells from the whole group of
patients included in the study and the tumor proliferation activity a global inverse at the limit
correlation was observed (r= -0.438), while, between the area of the enteric glial cells from the
whole group of patients included in the study and the tumor leukocyte infiltrate a high global
inverse correlation was noticed (r = -0.701). Also, between the area of the enteric glial cells from
the whole group of patients included in the study and the expression of β2 adrenoreceptors a high
inverse correlation was observed (r = -0.734).

Conclusions
1. Colorectal cancer is the third most frequently diagnosed type of cancer in the world and,
also, the fourth main cause of death worldwide.
2. The exact nature of neoplastic colorectal transformation and, also, the tumor progression
and metastasis are not yet fully understood, new research in this field is needed.
3. Enteric glial cells, through the soluble factors that they synthesize play an important role
in maintaining the intestinal barrier and in controlling cell proliferation, so, their integrity
is affected in colorectal adenocarcinoma, as reported in our study and this represents a
favorable element for cell proliferation and metastasis.
4. The percentage of the enteric glial cells was 2.52% of the total enteric nervous tissue, for
the patients included in our study.
5. Evaluating enteric glial cells in different tumor differentiation stages of colorectal cancer
showed that density of these nervous elements is higher in well differentiated colorectal
tumors, as opposed to moderately and poorly differentiated colorectal tumors.
6. By analyzing the intratumoral leukocyte infiltrate, we noticed a gradual increase of both
the area and the integrated optical density, from well differentiated colorectal tumors to
moderately and, respectively, poorly differentiated colorectal tumors.
7. It was noticed that tumor proliferation index increases on average with tumor grading.
8. In moderately differentiated colorectal tumors a high inverse correlation between enteric
glial cells and tumor proliferation activity, on one hand, and also between enteric glial cells
and intratumoral leukocyte infiltrate, on the other hand, was observed.
9. In poorly differentiated colorectal tumors, an inverse at limit correlation between enteric
glial cells and tumor proliferation activity was noticed and a highly significant inverse
correlation between enteric glial cells and intratumoral leukocyte infiltrate was observed.
10. Concerning the correlations between the area of the enteric glial cells, from the whole
group of patients included in the study and the tumor proliferation activity, a global inverse
at limit correlation was noticed, while between the area of the enteric glial cells from the
whole group of patients included in the study and the tumor leukocyte infiltrate a highly
significant inverse correlation was observed.
The final conclusion is that the decrease of the enteric glial cells in colorectal cancer with tumor
differentiation and, also, their inverse variation with tumor proliferation activity and with
intratumoral leukocyte infiltrate may represent a negative prognostic factor in this type of cancer.
However, the role played by the enteric glial cells in colorectal cancer remains indirectly and
further studies are necessary in order to sustain the results of our research.
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