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Abstract

Chagas’ disease is a chronic illness that can lead to a digestive form characterized by organ obstruction, resulting in significant morbidity
and mortality. Patients with this form experience symptoms related to megacolon, where the affected organs exhibit enlarged lumens and
muscle hypertrophy. Histological analysis reveals inflammatory lesions in the enteric nervous system (ENS) with a reduction in the number of
neurons. Even individuals without megacolon show less intense denervation and inflammation processes. These findings offer new avenues for
understanding the pathology of Chagasic megacolon. Voltage-dependent K+ (Kv) channels play a crucial role in regulating the electrical activity
and smooth muscle responses in various body systems. They are involved in maintaining the resting membrane potential of cells and respond to
excitatory and inhibitory neurotransmitters, affecting interstitial cells of Cajal and smooth muscle responses to neural stimuli. Thus, this study
aimed to investigate the expression of voltage-dependent K+ channels (Kv channels) in Chagasic patients with and without megacolon. The
results indicate abnormal expression of Kv7 channels in the dilated portion of chagasic patients with megacolon. Conversely, the expression of
these channels in chagasic patients without megacolon may serve as a protective factor against megacolon development, potentially delaying
or preventing its occurrence. Decreased Kv7 expression may contribute to the pathophysiology of this complex condition and the development
of megacolon. Maintaining the expression of these channels could potentially serve as a preventive measure against megacolon development.
Further research is necessary to explore the underlying mechanisms and develop targeted interventions.
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Introduction

the megacélon, the organs exhibit a large increase in lumen and
hypertrophy of the muscular layer. Histological analyses of the
affected organs have demonstrated inflammatory lesions of the

Megaesophagus, megacélon and heart disease are causes of
morbidity and mortality in the chronic phase of Chagas’ disease.
Our laboratory has been especially interested in the study of the
pathogenesis of the chagrined megaesophagus and megacolon.
Epidemiological studies in endemic areas of Brazil have shown that
8-10% of chronic patients have the digestive form of the disease
[1] Patients with the digestive form presenta number of symptoms
related to organ obstruction. Both in the megaesophagus and in

enteric nervous system (ENS), associated with a large reduction in
the number of neurons. According to Koberle, for the development
of megaesophagus it is necessarily a reduction of approximately
85% in the number of neurons in the organ, while the disease in
the colon is associated with a neuronal loss of at least 50% [2].
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Although the mechanism of neuronal injury remains unclear,
the frequent observation of ganglionitis and

periganglionitis in patients with mega points to the
participation of immune system cells in this pathological process.
They found inflammatory infiltrates in the mucosal muscle,
submucosa, and muscle layers [3]. The ENS presents about 10 to
100 million neurons, with a wide variety of neurotransmitters
and/or neuropeptides. It controls various aspects of the intestine,
such as glandular secretion, vascular tone, peristalsis, and
still participates in regional neuroimmune relationships. It is
possible that in patients with megaesophagus and megacolon,
some categories of neurons and some particular systems of
neurotransmitters are preferentially affected, and their functions
are depressed or exacerbated. The performance of comparative
studies aiming to clarify the nature of the inflammatory process
and the identification of the neuropeptide systems generally
affected in these populations will contribute to the understanding
of the pathogenesis of the mega chagasic [4]. Until some time
ago, the scarcity of knowledge hampered the investigation of
pathological changes in enteric neurons about the functional
classes of these neurons in normal individuals and by the
lack of experimental models that mimic the gastrointestinal
disorders that afflict humans. However, this fact has changed in
recent years [5]. Due to the use of experimental models used in
laboratories, there is currently relevant knowledge regarding the
types of neurons regarding their morphology, neurochemistry,
projections, and physiological properties [6,7]. The alterations
suffered by neuroimmune integration have been the subject of
research in several pathologies that affect the gastrointestinal
tract. In Chagas” disease, we believe that the study of the enteric
nervous system, as well as its association with the inflammatory
process, may provide support for understanding neuroimmune
changes that may be somehow involved in the development of the
mega.

The electrical activity existing in all organs of superior animals
is essential for the physiological processes of mammals, such as the
transmission of nervous excitability. And electrical signals cause
all electrical activities generated through ionic channels. lons pass
through the channels distributed in the membranes to conduct
electrical signals selectively and quickly, which can modulate the
physiological and pathological activities of the cells [8]. Among all
these ionic channels, potassium channels have the most extensive
distribution. Potassium channels are the largest family of ionic
channels involved in the governance of neural functions such
as synaptic organization and neuronal signaling [9]. Neuronal
K+ channels can modulate membrane excitability, for example,
establishing resting potential, and maintaining brief and temporal
intervals in action potentials. There are four types of K+ channels:
internal rectified potassium channel (KIR), calcium-activated
potassium channel (KCa), voltage-dependent potassium channel
(KV) and pore domain potassium channel (K2p). Increased

activity of plasma membrane voltage-dependent potassium (KV)
channels will reduce the concentration of K+ in the cytoplasm and
trigger the process of cell death. It has been described that some
K+ channel blockers or increased extracellular K+ concentration
K+ may inhibit K+ flow, which can totally prevent cell death [10].
The Kv family of K+ channels consist of 12 subfamilies, Kv1-Kv12,
within which five members of the Kv7 family have already been
identified. To date, most published data on the expression of
these channels have focused on their location in the heart and
brain [11,12]. The enteric nervous system is a complex network
of neurons and enteroglial cells arranged within the walls of the
gastrointestinal tract. It is the largest and most complex division
of the peripheral nervous system, containing more neurons than
the spinal cord, and has the unique characteristic of being able
to perform its motility functions completely independent of the
central nervous system [13].

The Chagas” megacolon is a pathology characterized by
the destruction of components of the enteric nervous system
mediated by both the inflammatory process and the infection
caused directly by T. cruzi. Surgical resection of the colon segments
affected by the digestive form of Chagas” disease is one of the few
treatments available to these patients. We will conduct this study
to test the hypothesis that Kv7 channels are present in the normal
human colon and are reduced in Chagas’ disease, which may
have an immediate effect on the process of constipation and the
progression of this pathology.

Material and Methods
Patients

In this project, we used tissue samples from chagasic patients
with megacolon, chagasic patients without megacolon and control
individuals, collected by surgery or necropsy at the School Hospital
of the Faculty of Medicine of the Federal University of Goias, by
Dr. Enio Oliveira. Prior consent was obtained from all individuals,
parents, or guardians for their inclusion in the research study.
This project was approved by the Research Ethics Committee of
UFU (Ethics 131/11) and the University of Erlangen-Numberg.

Our research group hasaunique collection of samples from the
gastrointestinal tract of Chagas” disease patients who developed
(15 patients) and did not develop the chagasic megacolon (15
patients), as well as samples from non-Chagas individuals (10
patients) (submitted to surgery due to intestinal pathologies, such
as cancer). The presence of the disease was confirmed by clinical
and laboratory tests [14]. The quality of these samples was
evaluated by histological and immunohistochemistry techniques,
which demonstrated the preservation of their immunoreactivity.
Patients from the control group and chagasic patients without
megacolon were submitted to surgical process due to intestinal
neoplasms. In the group of chagasic patients not with megacolon,
only one presented intestinal complaints or symptom of any
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involvement of the digestive system. Of the 15 patients analyzed
in this group, 13 developed chronic Chagas heart disease. In
this group of patients, samples were collected from the dilated
region (megacolon) and from the non-dilated region upstream
of the affected portion. In the group of chagasic patients with
megacolon, 10 suffered from constipation several years ago and
7 had megaesophagus. These patients underwent the surgical
process due to complications caused by the megacolon.

Immunohistochemistry

In this work, a triple marking was performed in our samples
with the antibodies listed in Table 1. Samples were pre-incubated
for 2 hours in PBS 0.05M containing 1% bovine serum albumin,
Triton X-100 at 0.5%, Thimerosal at 0.05% and normal goat
serum at 5%. After a bath in PBS for 10 minutes, the samples (pH
7.4) (BSA) were incubated in a solution containing BSA, Triton
X-100, Thimerosal and primary antibodies for 72 hours. After this
period, the samples (4°C) were submitted to a bath in PBS at 4 °C
overnight. After this bath, the secondary antibodies were added
in the same solution used with the primary antibodies followed
by a bath in PBS. To reduce lipofuccine-induced self-fluorescence,
the samples (4 hours in room temperature) (12 hours in 4°C)
were incubated with acetate-ammonia buffer containing 1 mM
CuSO, (pH 5.0) for 60-90 minutes followed by a brief bath in
distilled water. After this process, the samples were mounted on
PBS-glycerol. For image acquisition and processing, a confocal
laser scanning microscope attached to a Nikon Diaphot 300
and equipped with a Krypton-argon laser was used. The images
(American Laser, Salt Lake City, USA) were generated using three
different excitation waves using filters of 488nm, 594nm and
647nm. The images generated by this system (ALEXA Fluor 488),
(ALEXA Fluor 594) and (ALEXA Fluor 647) were prepared using
the Confocal Assistant 4.02, Adobe Photoshop 6.0 and Corel Draw
13 program. We made statistical analyses using spot software.
The differences between the mean values of the marking areas
(Version 3.5.6 for Windows, Diagnostic Instruments, USA) were
analyzed with the one-way ANOVA for each patient (P<0.05).

Table 1: Antibodies to immunohistochemistry in colon tissues of control
individuals and chagasic patients with and without megacolon carriers.

Rabbitanti-Kv7.3 | Abcam, %aé“b“dge' N 4142 1:100
Mouse anti-Ky7.4 | APcam %al?‘b”dge' A-21272 1:100
Rabbit anti-Ky7.5 | P %al?‘b”dge' M7245 1:100
Mouse anti-HuC/ |\t 10 Llar Probes | 180091 1:100
HuD
Rabbit anti-protein Sigma Aldrich, )

gene product 9.5 Ireland AB-N34 1:100

Goat anti-S 100 DAKO 20311 1:100

Results

The expression of K+ voltage-dependent channels Kv7.3,
Kv7.4 and Kv7.5 in the mienteric plexus and submucous plexus in
colon samples from chagasic patients with and without megacolon
carriers. For this, the co-expression of K+ channels and neuronal
cells (through the expression of anti-HuC/HuD) and enteroglial
cells (S-100 evaluated. Our results indicated that chagasic
patients with megacolon have a statistically relevant decrease in
K+ channels in relation to non-infected patients and in relation to
chagasic patients without megacolon. However, the expression of
K+ channels in chagasic patients without megacolon was similar
to that presented by non-infected individuals. When comparing
the expression of K+ channels in the dilated portion with the non-
dilated portion of samples of chagasic patients with megacolon,
we noticed that the non-dilated portion of these samples does not
present a decrease in the expression of K+ channels as sharply
as that presented in the dilated portion, indicating that the
alterations suffered in the colon are limited to the dilated portion
of this organ. In addition, we observed that the immunoreactivity
of K+ channels occurred mainly in neurons with Dogiel II
morphology (large neuronal body, round or oval) in all analyzed
groups. Enteroglial cells, on the other hand, practically did not
present expression of the K+ channels analyzed, demonstrating
that they restrict it to neurons.

We also observed that regarding the expression of neurons
in the nerve plexus studied, chagasic patients without megacolon
and non-infected patients present similar amount both in Hu C/D
expression and in K+ channels, as observed. Chagasic patients with
megacolon have an intense decrease in the number of neurons,
reflected in the low expression of Hu C/D. In addition, this group
of patients presents neuronal hypertrophy, characterized by
the increase of the remaining neuronal bodies, both in the non-
dilated and dilated portions. On the other hand, the expression of
K+ channels is statistically equivalent in the non-dilated portion
of patients with megacolon, and greatly decreased in the dilated
portion of these patients. These details can be seen in lines C and
D.

Regarding enteroglial cells, we observed that all groups of non-
infected individuals, chagasic patients without megacolon and
chagasic patients with megacolon (non-dilated portion) present
similar expression of the S-100 protein, marker of enteroglial cells.
However, we observed a decrease in the expression of enteroglial
cells in the dilated portion of chagasic patients with megacolon,
as can be seen in Figure 1,2. Regarding the distribution of K+
channels, we observed that they do not exhibit great expression in
enteroglial cells when compared with their expression in neurons.
Among all the analyzed groups, the non-dilated portion of
chagasic patients with megacolon was the one that most exhibited
K+ channels next to enteroglial cells (Figure 3, line C), although
this increase in expression in relation to the other groups was not
statistically significant.
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Figure 1: Relationship between Hu C/D, S-100 expression, and K+ 7.3, 7.4 and 7.5 channels in colon samples of Chagasic patients with
and without megacolon and non-infected individuals. Values are expressed in um2. *Statistically relevant difference between this group and
the other groups analyzed (P< 0.05).

HuC/D x Kw 7.4 HuC/D x Kv 7.5

HuC/D x Kv 7.3 HuC/D x Kv 7.4 HuC/D x Kv 7.5

Figure 2: Fluorescence immunohistochemistry in the mienteric plexus of Chagasic patients and infected individuals. In red, we observed the
marker of neuronal bodies Hu C/D and in green the channels of K+ dependent voltage (Kv) 7.3, 7.4 and 7.5. In (A) non-infected individuals,
in (B) chagasic patients without megacolon, in (C) chagasic patients with megacolon (non-dilated portion) and in (D) chagasic patients with
megacolon (dilated portion).
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Discussion

Ionic channels are essential for basic cellular function,
including sensory perception and intercellular communication.
Dependent voltage K+ channels (Kv channels) participate in
the rhythmicity and responses of smooth muscles by regulating
membrane potential in various cell types throughout the body
[15]. As the control of muscle motility is regulated by excitatory
and inhibitory neurotransmitters, the channels also participate in
the responses performed by neurons and enteroglial cells found in
the enteric nervous system (ENS). The K+ channel family consists
of 12 subfamilies, Kv1 to Kv12, in which five members of the Kv
family have already been characterized at the molecular level
and identified. These comprise Kv7.1-Kv7.5 and are encoded by
KCNQ1-5 genes. To date, most published data on the expression
of these channels have focused on their location in the heart and
brain [16]. For some decades, it is an already consensus that
the ENS is an intricate network of neurons and enteroglial cells
between the walls of the gastrointestinal tract. It is the largest
and most complex division of the peripheral nervous system,
containing more neurons than the spinal cord, and possesses
the unique characteristic of performing its motility functions
completely independent of the central nervous system [6]. It is
known that the digestive form of Chagas” disease occurs from the
destruction of the ENS and, um of the most important factors in
the development of the mega chagasic would be a degenerative
process, mainly of nerve ganglia of the gastrointestinal tract,
which apparently begins in the acute phase, persisting until
the chronic phase. However, there are still many aspects to be
elucidated about its etiopathogenesis [2].

Megaesophagus and megacolon are the most common changes
in the digestive tract in Chagas” disease. The

parasite’s high concentration in the tissue triggers neuronal
destruction in Chagas” disease in the acute phase, but the
inflammatory process involved in this disease also plays a part
in the chronic phase. The interrelation between the nervous,
endocrine, and immunological systems is very important for the
understanding of intestinal pathologies and may be definitive
in the determination of clinical manifestations and for the
development of inflammatory processes in the intestine [17]. A
recent study identified the potassium channel Kv7.5 as having a
role in excitability in the rat colon [18]. This data prompted us
to design this study to test the hypothesis that the Kv7 channels
present in the human colon could be altered in the digestive form
of Chagas’ disease. K+ channels play important roles in excitable
cells, neurons and enteroglial cells, directly involved in various
physiological processes, such as triggering action potential,
neurotransmitter release, and muscle contractility. The potential
of the cell membrane hyperpolarizes whenever the K+ channels
open, thus K+ flows out of the cell due to the large transmembrane
electrochemical gradient, leading to decreased cellular excitability
[11].

In addition, K+ channels also play a role in defining membrane
potential at rest, resulting in different levels of basal muscle tone
that vary depending on location within the gastrointestinal tract.
Over the years, several research groups have investigated the
expression of Kv7 channels in human tissues and experimental
models. Previously, it was reported findings of their study of Kv
channel expression in the murine gastrointestinal tract. Of all
Kv7 channels studied, both Kv7.4 and Kv7.5 genes have been
shown to be the most abundantly expressed in ENS cells. The
results showed that Kv7.4 and Kv7.5 were expressed in the
circular muscle of the colon, but not Kv7.1. In addition, their
data showed that Kv7 channel blockers increase activity in
different regions of the intestine [19]. Ipavec et al. investigated
the expression of Kv7 channels in the gastric fundus rat. Ipavec
et al. demonstrated that Kv7 channel blocker XE-991 induces
concentration-dependent contractions. Transcriptions encoded
by all KV7 genes were detected on the gastric background of
rats, with Kv7.4 and Kv7.5 channels showing the highest levels of
expression, with low levels of Kv7.1-3 also evident. The Kv7.4 and
Kv7.5 channels were visualized by confocal immunofluorescence
in the circular muscle and longitudinal layers [20]. More recently,
the same group of researchers performed a very similar analysis,
in which they analyzed the expression of Kv7 channels in human
taenia coli and revealed similar results in this tissue as described
above. These authors have suggested that Kv7 channels seem
to contribute to the rest of muscle tone and that Kv7 channel
activators may present therapeutic potential as a relaxant for
gastrointestinal muscles [21]. A recent study by Jepps et al.
discussed the therapeutic potential of Kv7 channel blockers in
patients with gastrointestinal dismotility conditions such as
chronic constipation and an incontinence study in animal models
suggested that the Kv7 channel activator, Retigabin, provided an
improvement in sphincter control in 5% of individuals compared
to 1.4% who received placebo. This data suggests that Kv7 channels
found in the colon may provide another therapeutic target for Kv7
channel activators and blockers [22]. In 2014, a study developed
by Wright et al. indicated the expression of Kv7 channels in Cajal
cells, evaluating the potential of these channels in regulating
the excitability of ENS neurons. These authors found Cajal cells
expressing Kv7.5 through immunohistochemistry. Kv7.5 channel
expression has also been reported in enteric neurons of myenteric
ganglia, as well as weak co-localization in smooth muscle cells
[23]. This study revealed that Hu C/D positive neurons expressed
Kv7.3, Kv7.4 and Kv7.5 in both submucous and myenteric
plexuses of the normal human colon. The study revealed that the
expression of Kv7.3, Kv7.4 and Kv7.5 decreased in colon samples
of the dilated portion of chagasic patients with megacolon while in
the non-dilated portion of these patients and in chagasic samples
without megacolon, the expression was statistically equivalent to
that of uninfected individuals [24-31].

The results of our current study suggest that the expression
of ionic channels, in this case, they abnormally expressed
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Kv7 channels in the dilated portion of chagasic patients with
megacolon. Similarly, its expression in the samples of chagasic
patients without megacolon could mean a protective factor against
the development of the mega, being responsible for avoiding or
at least delaying it. We believe that the lack or decrease in Kv7
expression may play a role in the pathophysiology of this complex
condition and consequently in the development of megacolon.
Similarly, we believe that maintaining the expression of these
channels could hinder the development of the mega. This data
point that the destruction of Kv channels initiated by the parasite
and the inflammatory process would initially lead to muscle
dysmism and would accelerate this entire cycle of destruction
described above. Our results agreed with previous studies that
demonstrated the reduction of the expression of Kv channels
in other gastrointestinal diseases, such as Crohn’s disease and
ulcerative colitis accelerates the progression of the disease
by leading to a greater degree of motor incoordination of the
colon. Future studies evaluating the function of each Kv channel
separately could better clarify the function of these channels in
the development not only of the Chagas megacolon but also of
other pathologies of the gastrointestinal tract.

Conclusion

The destruction of Kv channels initiated by the parasite and the
inflammatory process would initially lead to muscular dysmotility
and accelerate the cycle of megacolon destruction. Our findings are
consistent with previous studies that have demonstrated reduced
expression of Kv channels in other gastrointestinal diseases,
such as Crohn’s disease and ulcerative colitis, which accelerates
disease progression by causing a greater degree of colonic motor
incoordination. Future studies investigating the function of each
Kv channel separately could provide a better understanding of
the role of these channels not only in the development of chagasic
megacolon but also in other gastrointestinal pathologies.
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