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1. Introduction

The histopathological diagnosis of colon diseases presenting with chronic
constipation in childhood has been a challenge in recent decades. Hirschsprung’s
disease (HD), considered a study model for other dysganglionoses, shows increased
activity of the enzyme acetylcholinesterase (AChE) in the parasympathetic nerves of
the lamina propria of the mucosa, the muscularis mucosa, and muscularis propria, due
to aganglionosis of the submucosal and myenteric plexuses of the enteric nervous
system (ENS). HD and allied disorders include diseases with abnormalities in intestinal
ganglion cells or dysganglionosis: (i) immaturity of the enteric nervous system reveals
small nerve cells that are difficult to differentiate from glial cells; (ii) hypoganglionosis
characterized by 50% reduction in myenteric plexus area and the number of nerve
cells; (iii) intestinal neuronal dysplasia type A (a rare form with hypoplasia or adrenergic

aplasia) and type B (Muto et al., 2018).

Intestinal neuronal dysplasia type B (IND B) is a controversial entity among
gastrointestinal neuromuscular diseases, characterized by complex changes in the
ENS, mainly due to hyperplasia of the submucosa nerve plexuses (Meier-Ruge., 2006;
Knowles et al., 2010; Friedmacher & Puri, 2013; Schappi et al., 2013). It was first
described in 1970, when Nezelof et al. reported on three cases of megacolon
associated with hyperplasia of the myenteric nervous plexuses (Nezelof et al., 1970).
A year later, Meier-Ruge defined it as a condition usually associated with low intestinal
obstruction that could simulate HD, but which showed distinct histopathological

characteristics, such as hyperplasia of the nerve plexuses and increased activity of the
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enzyme AChE in the parasympathetic nerve fibers of the lamina propria of the mucosa

(Meier-Ruge, 1971).

Almost fifty years have passed and, despite the intense scientific research
conducted during this period, there are still countless uncertainties, including its
etiopathogenesis, diagnostic criteria, and therapeutic possibilities. Thus, IND B is
currently considered a controversial and little-known condition among the differential
diagnoses for organic causes of intestinal constipation (Holschneider et al., 2008;
Tabbers et al., 2014; Toledo de Arruda Lourencéo et al., 2016; Kapur & Reyes-Mugica,

2019).

Most patients with IND B are children with a clinical picture of chronic
constipation. Thus, the main symptoms are very similar to those presented by HD
patients (Csury & Pefa, 1995; Holshneider et al., 2008). Delay in the elimination of
meconium, abdominal distention, vomiting and difficulty in eating can appear in the first
days of life (Pini-Prato et al., 2007). A portion of these patients can show symptoms
throughout their lives, evolving to severe constipation that is refractory to different
types of clinical treatment (Schmittenbecher et al., 2000; Gillick et al., 2001; Mattioli et
al.,, 2004). Severe symptoms, such as episodes of enterocolitis, acute intestinal
obstruction, volvulus, and intussusception, although rare, are possible complications
in different age groups (Sacher et al., 1991; Montedonico et al., 2002; Peng et al.,
2011; Jaquez -Quintana et al., 2013). Recent publications have highlighted the growing
number of cases in adults, some showing symptoms of constipation since childhood
and others with late onset of symptoms (Voderholzer et al., 2000; Vijayaraghavan et
al., 2006; Lépez Sanclemente et al., 2014; Junquera Bafares et al., 2014; Vougas et

al., 2014). The oldest patient reported in the literature with a diagnosis of IND B was
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71 years old. This patient had shown symptoms since childhood, having presented
severe constipation for more than 60 years, including several hospitalizations and

surgeries during this period (Vougas et al., 2014).

Two therapeutic modalities have been used in patients with IND B: conservative
clinical treatment and surgical treatment (Csury & Pefia, 1995; Toledo de Arruda
Lourencao et al., 2016). Conservative treatment is based on changes in diet, the use
of laxatives, and intestinal lavages in cases of fecal retention (Schimpl et al., 2004;
Holschneider et al., 2008). Surgical treatment can be performed through
sphincterotomy, extensive surgical resection, or temporary colostomy (Briner et al.,
1986; Rintala et al., 1989; Scharli, 1992; Tang et al., 2010). However, the outcomes
obtained by the different treatment modalities show somewhat conflicting results

(Csury & Pefa, 1995; Schmittenbecher et al., 2000; Schimpl et al., 2004).
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2. Controversies regarding the existence of IND B

One of the main controversies in the understanding of IND B is related to the
existence of a cause-effect relationship between histopathological findings and clinical
symptoms. In most cases, a diagnosis of IND B is made based on the histopathological
analysis of rectal biopsies, in patients with constipation that is usually refractory to
clinical treatment. A minority of cases are patients with acute intestinal obstruction or
enterocolitis (Holschneider et al., 2008). On the other hand, histopathological
alterations compatible with the diagnosis of IND B were observed in colon segments
of 36 asymptomatic children (Coerdt et al.,, 2004). Other studies have failed to
demonstrate a direct correlation between histopathological findings, clinical symptoms,
and radiological and manometric changes (Koletzko et al., 1993; Ure et al., 1994).
Given these controversies, some authors demonstrate skepticism concerning the
definition of IND B as a true clinical entity, preferring to define it as a histopathological
alteration of the ENS, which may not present symptoms (Berry, 1993; Martucciello et
al., 2005; de la Torre Mondragon & Reyes-Mdugica, 2006; Holschneider et al., 2008;

Kapur & Reyes-Mugica, 2019).

In a recent review on the subject, Kapur & Reyes-Mugica (2019) concluded that
IND B remains an undefined histopathological phenotype of uncertain clinical
relevance and that it is imprudent to make clinical decisions based on this
histopathological diagnosis, while also claiming that this type of histopathological
finding may represent deviations from normality. Moreover, these authors criticize the
most recent scientific publications that investigated patients with this diagnosis,
arguing that they have perpetuated the debate on dubious and controversial concepts.

However, in medical practice, we continue to find children with severe constipation or
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intestinal obstructions who are submitted to diagnostic investigation for HD and, in the
histopathological analysis of rect biopsies, present ganglion cells distributed in an
abnormal pattern in the nervous plexuses of the submucosa, with signs of hyperplasia.
Schmittenbecher et al. (2000) considered that these morphological changes are
compatible with a diagnosis of IND B, which should be considered a distinct clinical
entity, since the symptoms presented by the patients are evident and often remain for
several years, directly influencing their quality of life. The authors argue that patients
with IND B should be treated in a specific manner and highlight the need to develop
specific treatment algorithms. The majority of experts who participated in the fourth
International Symposium on Hirschsprung'’s disease and related neurocristopathies, in
Genova, Italy, in 2004 (Martuciello et al., 2005), and the majority of the participants in
a recent survey by the European Association of Pediatric Surgeons (Zani et al., 2016)
consider IND B to be a clinicopathological entity, justifying the need for further studies

on this disease.
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3. The lack of diagnostic criteria

The lack of well-established criteria for the histopathological diagnosis of IND B
can be considered the basis for many of the uncertainties described. To understand
any disease, knowing how to diagnose it is mandatory. In the case of IND B, the
morphological criteria for histopathological diagnosis have been modified over the
years, making comparison between studies more difficult and increasing the
controversies and doubts concerning its existence (Meier-Ruge, 1971; Scharli & Meier
-Ruge, 1981; Borchard et al., 1991; Meier-Ruge et al., 2004; Holschneider et al., 2008;
Mahesha et al., 2008). Hyperplasia of the nervous plexuses of the ENS is the
morphological finding that defines IND B, but it is differently characterized by varying

criteria (Meier-Ruge et al., 2006).

Based on the 1990 Frankfurt Consensus discussions, Borchard et al. (1991)
established morphological criteria for the histopathological diagnosis of IND B using
biopsies of the rectal wall. They proposed two mandatory criteria, submucosal plexus
hyperplasia and increased activity of the AChE enzyme in nerve fibers around
submucosal blood vessels, and two complementary criteria, the presence of neuronal
heterotopy and increased AChE activity in the lamina mucosa (Borchard et al., 1991;
Puri, 1997; Cord-Udy et al., 1997). Since then, these criteria have been widely used,
both in clinical practice and in clinical follow-up studies and in investigations into the
pathophysiology and etiopathogenesis of IND B (Scharli 1992; Koletzko et al., 1993;
Sacher et al., 1993; Costa et al., 2000; Martucciello et al., 2002; Holschneider et al.,

2008).
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New diagnostic criteria were proposed in the 1990s, highlighting the need to
identify giant ganglia in the submucosa, characterized by the presence of a minimum
number of ganglion cells, ranging from six to more than ten per ganglion (Schofield &
Yunis, 1991; Moore et al., 1994; Kobayashi et al., 1995; Meier-Ruge et al., 1995;
Holschneider et al., 2008; Mahesha et al., 2008). In 2004, Meier-Ruge et al. proposed
a quantitative criterion for the histopathological diagnosis of IND B, characterized by
the presence of at least 20% of giant nerve ganglia in the submucosa, with more than
eight ganglion cells present in each, analyzing a minimum of 25 submucosal nodes
(Figure 1). Since the diagnosis depends on quantitative data, which can be
compromised by technical variables, the entire laboratory process must be highly
standardized. The biopsy must be adequate in order to obtain a sufficient quantity of
submucosal tissue for analysis, and the freezing sections must be 15 pm thick and
submitted to a specific histochemical panel composed of lactate dehydrogenase,
succinyl dehydrogenase and nitric oxide (NO) synthase (Meier-Ruge et al., 2004;

2006).

However, although these criteria have been accepted by the scientific
community, few case series reports have used them (Taguchi et al., 2014). The need
for fresh material and specific histochemical stains, the availability of which is restricted
to certain centers, are important limitations to diagnosis (Swaminathan et al., 2015;
Toledo de Arruda Lourencédo et al., 2016; Terra et al., 2017). It is also uncertain
whether these criteria can be applied to 5 um thick histological sections, from paraffin-
embedded material, used for conventional histological analysis by hematoxylin and
eosin (H&E) and for immunohistochemical methods (Schéppi et al., 2013; Terra et al.,
2017). Taguchi et al. (2014) analyzed data from 161 Japanese gastroenterological and

pediatric surgery institutions, from January 2000 to December 2009, and found 355
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patients with HD and allied disorders. Of these, 13 patients had been diagnosed with
IND B, based on the histopathological criteria commonly used, but only 4 patients met
the quantitative criteria proposed by Meier-Ruge et al. (2004). Terra et al. (2017)
analyzed surgical specimens from 29 patients diagnosed with IND B, previously
established by the criteria of the Frankfurt Consensus (1990), in histological sections
processed for conventional histology by H&E. Only one patient met the numerical
diagnostic criteria proposed by Meier-Ruge et al. (2004). The authors concluded that
the recommended quantitative criteria for 15 pm cuts, stained by specific histochemical
panels, have limited applicability when transposed to conventional histological

analysis.

Thus, the changes proposed in the last three decades have oriented the
diagnostic criteria for quantifying the number of ganglion cells in the nervous plexuses
of the ENS (Schofield & Yunis, 1991; Moore et al., 1994; Kobayashi et al., 1995; Meier-
Ruge et al., 1995; Meier-Ruge et al., 2004; 2006). However, it is very complex to
numerically distinguish that which is pathological from that which is normal, mainly due
to the difficulty in determining a reliable control group composed of healthy children
without intestinal symptoms (Koletzko et al., 1999; Meier-Ruge et al., 2006; Kapur &
Reyes-Mugica; 2019; Angelini et al., 2019). Obtaining intestinal samples for use as
controls has ethical limitations, because of the need for invasive procedures to obtain
tissue samples. In some studies, the control group was composed of intestinal samples
from patients with congenital intestinal malformations, such as anorectal abnormalities,
which cannot be considered healthy controls (Kobayashi et al., 1995; Koletzko et al.,
1999). In addition, the variation in the number of ganglion cells, related to age,
especially during the first year of life, leads to the need for age-matched controls,

making it difficult to develop an appropriate control group (Coerdt et al., 2004). The
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thickness of the histological section, the staining techniques and the methods of
histopathological analysis directly influence the number of ganglion cells identified in
the count (Swaminathan et al., 2015; Terra et al., 2017). For all these reasons, the
guantitative criteria seem to have contributed to more uncertainty rather than greater
objectivity for a diagnosis of IND B. There are important divergences regarding the
minimum number of ganglion cells and nerve ganglia, questions concerning the
different methods of histopathological analysis, and the possibility of a minimum age

for diagnosing this disease.
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4. Uncertainties and recent advances

Pathophysiology and etiopathogenesis are poorly defined aspects in IND B
(Martucciello et al., 2005; Holschneider et al., 2008). Some authors consider it as part
of the normal development of the ENS (Friedmacher & Puri, 2013). As age advances,
there is an increase in the size of ganglion cells and a decrease in their number per
plexus (Schofield & Yunis, 1991; Meier-Ruge et al., 1995; Cord-Udy et al., 1997;
Koletzko et al., 1999; Coerdt et al., 2004). These findings could be related to a
physiological process of maturation, which involves apoptosis of components of the
ENS (Meier-Ruge et al., 2004; 2006). Schimpl et al. (2004) retrospectively analyzed
105 patients with IND B: 60,95% were less than 6 months old, 30,47% were between
6 and 12 months old, and only 8,57% were more than a year old. This percentage
distribution, decreasing with age, suggests a maturation process of the ENS or some
abnormality in the development of the intestinal nervous system, with spontaneous

normalization with the advance of age.

Other studies have raised the possibility that IND B represents an adaptive
response of the ENS, secondary to obstructive or inflammatory bowel phenomena,
occurring in the fetal, perinatal, or postnatal period. There are reports of morphological
findings suggestive of IND B in areas of intestine immediately above intestinal atresia,
rectal mucosa prolapse, imperforate anus, and necrotizing enterocolitis (Schofield &
Yumis, 1991; Koletzko et al., 1993; Sacher et al., 1993; Holschneider et al., 1994;
Lumb & Moore, 1998; Csury & Pefa, 1995; Zorenkov et.al, 2011). These secondary
responses to obstructions or inflammations have been studied experimentally by
several authors and their results are also conflicting (Pickard et al., 1981; Moore et al.,

1993; Galvez et al., 2004). Using a model of partial intestinal colon obstruction in rats,
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Moore et al. (1993) showed a decrease in the number of ganglion cells compared with
the control group, explained by an increase in colon diameter due to the distention of
its wall. Using a model of chronic intestinal obstruction in adult rats, Galvez et al. (2004)
managed to identify histopathological changes compatible with IND B, with an increase

in the number of ganglion cells.

Recent studies have shown that IND B can originate from genetic alterations,
which directly influence the embryological development of tissues derived from the
neural crest. Angelini et al. (2019) showed significantly unregulated expression of
microRNAs in the submucosal and muscular layers of the colon and the peripheral
blood of patients with IND B. The molecular pathways biologically regulated by these
microRNAs (axon guidance, nerve growth factor signaling, NCAM signaling for neurite
out-growth, neuronal system, and apoptosis) perform activities related to the ENS and,
therefore, could be related to the pathogenesis of IND B. Liu et al. (2019) showed a
decrease in methylation levels of locus 32 on the Sox10 promoter gene in the
peripheral blood of patients with IND B. There was a negative correlation between
these levels and Sox10 expression in the colon of these patients. These changes can
contribute to the regulation of the number of intestinal glial cells and to the maturation

of neurons in the ENS (Liu et al., 2019).

In addition, reports of familial occurrence of IND B and the association with other
intestinal and extraintestinal diseases reinforce the theory that IND B has a primary,
genetically determined origin (Kobayashi et al., 1996; Berger et al., 1998; Costa et al.,
2000; Martucciello et al., 2002; Corduk et al., 2007; Fernandez et al., 2009; Van der

Welf et al., 2012; Friedmacher & Puri, 2013). Among these associations, we would
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highlight HD, incomplete intestinal rotation, and multiple endocrine neoplasia type 2

(NEM 2) (Rintala et al., 1989; Martuciello et al., 1994, 2002; Ure et al., 1994).

Histopathological findings compatible with IND B in segments proximal to areas
of aganglionosis are not uncommon and have been considered a possible cause of
the persistence of obstructive symptoms in patients submitted to surgical treatment for
HD. The first reports of this association date from the 1970s (Lassmann & Wurnig,
1973; Puri et al., 1977). Since then, the association between IND B and HD has been
described with rates ranging from 6 to 75% of HD cases (Hanimann et al., 1992; Meier-
Ruge 1992; Moore et al., 1994; Kobayashi et al., 1995; Banani et al., 1996; Meier-
Ruge et al., 2006; Montedonico et al., 2011; Swaminathan et al. 2015). In these cases,
the presence of colonic segments with IND B can be explained both by primary
embryological alteration of the ENS, which gives rise to both neuropathies, and by
secondary adaptation to distal intestinal obstruction, caused by the spastic aganglionic
intestinal segment (Briner et al., 1986; Berry, 1993; Berger et al., 1998;

Schmittenbecher et al., 1999; Kobayashi et al., 2004; Holschneider et al., 2008).
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5. Immunohistochemistry and looking beyond the number of

ganglion cells

Over the past two decades, a series of immunohistochemical markers have
been proposed to assist in histopathological analysis of the ENS (Knowles et al., 2010;
Schappi et al., 2013; Wang et al., 2016; de Nanassy & Demellawy, 2017; Westfal &
Goldstein, 2017; Galazka et al., 2020). The use of calretinin, well-established in HD, is
the main example of how an immunohistochemical method can contribute substantially
to the diagnosis of an enteric neuropathy. The absence of immunohistochemical
expression of calretinin, in the investigation of ganglion cells and intrinsic nerve fibers,
which occurs in colorectal segments with congenital aganglionosis, has been routinely
used for HD diagnosis, and is part of the main guidelines for therapeutic management
(Takawira et al., 2015; Veras et al., 2019). Several studies have assessed the role of
immunohistochemical methods, both in investigating aspects related to
etiopathogenesis and in improving the histopathological diagnosis of IND B. These

studies are summarized in the table presented in Appendix 1.

Some of the hypotheses raised to explain aspects of IND B etiology came to
light during the investigation of patterns of expression and the quantification of nerve
cells by different immunohistochemical methods. Bosmann et al. (2001) identified an
increase in the number of ganglion cells, with positive expression for NO synthase, in
the intestine of patients with IND B compared with the control group. This enzyme is
responsible for the synthesis of NO, a neurotransmitter capable of inducing smooth
muscle relaxation that may be responsible for the clinical symptoms of intestinal

pseudo-obstruction presented by patients.
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Yamataka et al. (1997) showed a reduction in c-kit and 171B5 (synaptophysin)
expression in the muscle layers, with the exception of the myenteric plexuses, in the
intestine of patients with IND B compared with the control group. The c-kit protein is
expressed in the interstitial cells of Cajal, considered to be regulators of gastrointestinal
tract motor activity (Wester et al., 1999; Newman et al., 2003; Rolle et al., 2007).
Synaptophysin is expressed in the protein membrane of synaptic vesicles, present in
the neurotransmissions of the central and peripheral nervous system, including the
ENS. The reduction in the expression of these two markers raises the hypothesis of
the role of interstitial cells of Cajal in the pathophysiology of IND B (Yamataka et al.,

1997).

Kobayashi et al. (1996) reported that the markers neural cell adhesion molecule
(NCAM), growth-associated protein 43 (GAP43), and synaptophysin showed absence
of expression or markedly decreased expression in the muscular layers of the intestine
of patients with IND B compared with the control group. No change was observed in
the expression of these markers in the nervous plexuses of the ENS. NCAM is a
surface glycoprotein that is important for the interaction between neurons and muscle
cells during synaptogenesis and is considered a marker of the neuromuscular junction
(Kobayashi et al., 2003; Meyrat & Laurini, 2003; Dzienis-Kopronkiewicz et al., 2005).
GAP43 is a marker associated with neuron development and regeneration during
axonal growth and is found in high concentrations in presynaptic areas (Kobayashi et
al., 1996). These changes in the expression patterns of these markers led the authors
to propose the hypothesis that patients with IND B present defects in the innervation
of neuromuscular junctions, which would explain the changes in colonic motility.
However, Nogueira et al. (2011) were unable to reproduce this pattern of NCAM and

synaptophysin expression, which weakens this hypothesis.
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Kobayashi et al. (1999) showed an increase in the number of mast cells,
identified by immunohistochemical method, in intestinal segments of patients with IND
B and in aganglionic segments of HD patients, compared with the normoganglionic
segments of HD patients and individuals in the control group. Mast cells were also
identified by the marker nerve growth factor (NGF) close to the nerve ganglia in
patients with IND B and close to the hypertrophied nerve trunks in aganglionic
segments of HD. Based on these observations, the authors suggested the possible

participation of mast cells in the pathogenesis of IND B and HD.

O’Donnell and Puri (2011) evaluated the immunohistochemical expression of
the phosphatase and tensin homologue deleted on chromosome ten (PTEN) in
patients with IND B. PTEN is a protein involved in processes of cell proliferation,
survival, and migration, presenting a potential modulatory role in neurogenesis and
synaptic plasticity. PTEN promotes dephosphorylation of phosphatidylinositol 3,4,5
triphosphate (PIP3) in phosphatidylinositol 3,4 bisphosphate (PIP2), resulting in
inhibition of the PISK/AKT/mTOR signaling pathway related to cell proliferation. The
authors showed significantly reduced expression for this marker in the myenteric and
submucosal plexuses of the intestine of patients with IND B, absence of PTEN
expression in the aganglionic segments of HD patients, and strongly positive
expression in ganglionic intestinal segments of HD patients and individuals in the
control group. Based on these results, the authors raised the possibility that the giant
ganglia, with immature cells, present in IND B may be associated with a reduction in
PTEN that could be responsible for a lack of control in neuronal growth and

proliferation.
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Other studies have investigated the possibility of using immunohistochemical
markers for diagnosing IND B. Some markers have demonstrated the potential to
assist in neuron counting, which is fundamental to proposals for quantitative diagnosis
of IND B. Geramizadeh et al. (2013) evaluated the immunohistochemical expression
of the protein gene product 9.5 (PGP9.5), a specific cytoplasmic marker for the nervous
system, S100, a nerve cell nucleus and cytoplasm marker, c-kit, synaptophysin, and
NCAM, to count nerve cells in the muscle layers and myenteric plexuses of the distal
colon of patients with HD, IND B, and the control group. The authors showed a
significantly higher number of nerve cells, stained by these immunohistochemical
methods, in the muscle layers and/or the myenteric plexuses in patients with IND B
compared with HD patients. However, this difference was not significant when patients
with IND B were compared with the control group. Kim et al. (2010) showed no
significant differences in the counts of interstitial cells of Cajal (c-kit immunopositive)
in muscle layers and myenteric plexuses in patients with IND B, compared with patients

who had other types of intestinal pseudo-obstructions.

Swaminathan et al. (2015) evaluated the use of the pan-neuronal
immunohistochemical marker Hu C/D in the quantitative analysis of ganglion cells in
colonic segments with IND-like submucosal ganglion cell hyperplasia at the proximal
margins of HD resections. This marker detects neuronal cell bodies, facilitating the
individual recognition of neurons, and has been used as a neuronal marker for central
and peripheral nervous systems, including the ENS (Yoshimaru et al., 2017). By
counting the nuclei of ganglion cells immunoexpressing Hu, the authors were able to
guantify the number of ganglion cells per ganglion, the number of submucosal ganglia
and the distance between ganglion cells. Based on this count, it was possible to

develop and validate a quantitative histopathological criterion for the diagnosis of giant
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ganglia, defined by the presence of at least seven ganglion cells, according to the
significant differences observed between the number of cells in the segments with
hyperplasia and in the colon of individuals in the control group (Swaminathan et al.,

2015).

Wang et al. (2016) determined the number of ganglion cells and the area of
myenteric nerve plexuses using immunohistochemical expression for the RET protein,
which is encoded by the RET gene and is related to cell growth and differentiation, and
for B-cell ymphoma 2 (Bcl-2), a protein encoded by the homonymous gene located on
chromosome 18qg21, which has a role related to the maintenance of cell survival. The
authors identified a significantly higher number of ganglion cells and larger myenteric

plexus area in the colon of patients with IND B compared with the control group.

Different immunohistochemical expression patterns for a series of markers have
also been identified in the intestinal segments of patients with IND B, with the potential
to assist in histopathological diagnosis. Among these, we would highlight a decrease
in the expression of synaptophysin in the muscle layers (Kobayashi et al., 1996; 1997),
a decrease in or loss of NCAM expression (Kobayashi et al., 1996; Kim et al., 2010)
and GAP43 (Kobayashi et al., 1996) in the muscle layers, and the identification of
ectopic myenteric plexuses by the RET protein (Wang et al., 2016). Wang et al. (2016)
showed a differentiated expression pattern between calretinin, which is expressed in
mature ganglion cells and nerve fibers, and Bcl-2, which is expressed in immature
ganglion cells, and suggested an immunohistochemical panel composed of these
markers, which could be useful in the differential diagnosis between HD and IND B.
Terra et al. (2017) identified expression for calretinin in nerve plexus ganglion cells and

in mucosal nerve fibers in 29 patients with IND B. Immunoexpression for this marker
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was observed in ectopic neurons, present in the lamina propria and in the muscularis

mucosa (Figure 2), not previously identified by standard histology (H&E).

Many of these immunohistochemical methods have stained and identified other
ENS structures, in addition to the ganglion cells of the submucosa and muscular nerve
plexuses. These structures could be related to the etiopathogenesis of IND B and may
be potential candidates for biomarkers in the histopathological diagnosis of this

disease.
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6. Conclusion

Intestinal neuronal dysplasia type B remains a controversial clinicopathological
entity, with a poorly understood etiopathogenesis and a series of difficulties related to
its diagnosis. Despite these uncertainties, patients continue to present with severe
constipation or intestinal obstruction, associated with histopathological alterations
compatible with this morphological phenotype, which fully justifies all the effort directed
towards new diagnostic perspectives. Only the correct diagnosis of these patients can
lead to more effective treatments and better prognosis. In this regard,
immunohistochemical techniques have been presented as potential adjuvants for
histopathological diagnosis, expanding the horizon beyond counting the number of

ganglion cells.
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Resumo

Introducéo: A Displasia neuronal intestinal do tipo B (DNI-B) é uma entidade
complexa que compromete o sistema nervoso entérico e se manifesta clinicamente
com constipacao intestinal grave na infancia. O diagndstico é estabelecido por anélise
histopatoldgica de biopsias do reto. Contudo, os critérios para o diagndstico
morfologico tém sido modificados, dificultando a interpretacdo diagnostica. Objetivos:
Analisar a aplicabilidade dos marcadores neurais imuno-histoquimicos Hu C/D e
PTEN na investigacdo diagndstica de pacientes com DNI-B. Pacientes e Métodos:
Foram analisadas retrospectivamente amostras de colon distal de 29 criancas com
diagnéstico prévio de DNI-B e de 10 criancas do grupo controle. As amostras foram
submetidas a analise histolégica convencional pela hematoxilina & eosina (H&E) e a
andlise imuno-histoquimica pelo Hu C/D e PTEN. A andlise quantitativa dos neurénios
nos plexos nervosos submucosos e mioentéricos foi feita pelos métodos H&E e Hu
C/D. O padréo de expressdo imuno-histoquimica do PTEN foi analisado nos plexos
nervosos submucosos, mioentéricos e nos filetes nervosos da camada muscular
propria. Resultados: O método Hu C/D promoveu aumento significativo da
identificacdo do niumero de neurbnios nos plexos nervosos, quando comparado ao
método H&E. Entretanto a analise quantitativa dos neurénios pelo Hu C/D nao
discriminou o grupo DNI-B do grupo controle. O grupo DNI-B apresentou auséncia ou
perda da expressao do PTEN nos plexos nervosos submucosos e mioentéricos e nos
filetes nervosos da camada muscular prépria, enquanto a expressdo do PTEN foi
positiva nas mesmas estruturas neurais do grupo controle. Conclusédo: O método

imuno-histoquimico do Hu C/D e o PTEN podem ser aplicados na andlise
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histopatolégica de amostras de intestino de pacientes em investigacdo diagnostica

para DNI-B.
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Abstract

Introduction: Intestinal neuronal dysplasia type B (IND-B) is a complex entity
envolving the enteric nervous system, clinically manifested with chronic intestinal
constipation in infancy. The diagnosis has been established by histopathologic
analysis of rectal biopsies. However, the criteria for the diagnosis have been
guestioned and modified, hindering the diagnostic practice. Aim: To analyse the
applicability of neural immunohistochemical markers Hu C/D and PTEN on the
diagnosis of IND-B. Patients and Methods: Samples of the distal colon from 29
patients, aged 0-16 years old diagnosed with IND-B and from 10 age matched control
patients were retrospectively analyzed for conventional histology (H&E) and Hu C/D
and PTEN immunohistochemistry. Quantitative analysis of neurons in submucosal and
mioenteric nerve plexi was performed by H&E and Hu C/D immunostaining. The
pattern of PTEN immunohistochemical expression was analysed in the submucosal
and mioenteric nerve plexi and nerve fibrils in muscularis propria. Results: Hu C/D
immunostaining significantly increased neuron counting in the nerve plexi as compared
to conventional histology by H&E. However quantitative analysis of neurons by Hu C/D
was not able to distinguish IND-B from control cases. Loss or absence of reactivity for
PTEN was observed in nerve fibrils from submucosal and mioenteric nerve plexi and
in nerve fibrils of the muscularis propria in all cases of IND-B as compared with the
same neural structures from the control group. Conclusion: Immunohistochemistry for

Hu C/D and PTEN may be a useful tool in the diagnostic evaluation of IND-B.
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1. Introducéo

A Displasia Neuronal Intestinal tipo B (DNI-B) € uma condicdo patolégica que
afeta os plexos nervosos do sistema nervoso entérico, de forma isolada ou em
associacdo com outras neuropatias congénitas, como a Doenca de Hirschsprung
(DH)Y 2. Mais de 40 anos ap6s sua descricdo original®, a DNI-B permanece como
entidade de patogenia pouco conhecida e, em consequUéncia, com aspectos

controversos relacionados ao seu diagndéstico e tratamento? 4.

A suspeita diagnéstica para esta doenga surge em pacientes com constipacao
intestinal grave, incluindo recém-nascidos que podem evoluir com episodios de
obstrucdo intestinal aguda, e criancas mais velhas, com pouca resposta ao tratamento
convencional® 6. Estes pacientes devem ser investigados para possiveis causas
organicas de constipacéo intestinal na infancia, particularmente DH, a mais prevalente

das doencas congénitas do sistema nervoso entérico®: 8,

O ponto central nesta investigagdo é a realizacdo de bidpsias de reto, cuja
andlise histopatologica permite a definicdo diagnostica das diferentes neuropatias
intestinais® % 8, Entretanto, os critérios morfoldgicos para diagnoéstico da DNI-B vém
sendo profundamente alterados ao longo dos anos, o que dificulta a pratica
diagnostica e a comparacgéo entre os estudos realizados e amplia as indefinicdes que
cercam esta doenca® & 7 %15 A hiperplasia dos plexos nervosos da submucosa é o
achado morfologico que define a DNI-B, mas que é diferentemente caracterizada nos

critérios propostos!® 15,
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A reunido de consenso ocorrida em Frankfurt, em 1990, estabeleceu critérios
diagnosticos que vém sendo utilizados tanto na prética clinica, como em estudos de
seguimento clinico e em pesquisas sobre a fisiopatologia e a etiopatogenia da DNI-B®
12,1520 Estes critérios sdo embasados na andlise qualitativa dos plexos nervosos,
através da histologia padrdo pela hematoxilina e eosina (H&E) e da pesquisa

histoquimica da acetilcolinesterase (AChE)*2.

Novos critérios foram posteriormente propostos, com énfase na quantificacdo
do nimero de ganglios gigantes na submucosa para o diagnéstico de DNI-B? 29, Esses
ganglios gigantes foram definidos pela presenca de um nimero minimo de células
ganglionares, que variam de 6 a mais de 10 por ganglio, nos diferentes critérios® % 10
21-23 A proposta quantitativa mais recente é a de Meier-Ruge et al. (2004)*2 definida
pela presenca de ao menos 20% de ganglios nervosos gigantes na submucosa, com
mais de oito células ganglionares presentes em cada um, em um minimo de 25
ganglios submucosos®® 14, Apesar de ter sido aceita pela comunidade cientifica,
poucos séo os relatos de séries de casos que os tenham utilizado'® 24, A necessidade
de material a fresco e de colorag@es histoquimicas especificas e a impossibilidade de
serem transpostos a analise de cortes histolégicos processados pela H&E ou por
métodos imuno-histoquimicos, restringem sua utilizagdo a poucos centros de

pesquisa, distanciando-a da prética clinica’ 15 24 25,

Uma série de marcadores imuno-histoquimicos vem sendo propostos para
auxiliar na andlise histopatoldgica do sistema nervoso entérico® 2 2622, O uso da
calretinina, bem estabelecido na DH, € o principal exemplo de como um método
imuno-histoquimico pode contribuir substancialmente para o diagnostico de uma

neuropatia entérica'l: 3937, Alguns estudos avaliaram o potencial de métodos imuno-
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histoquimicos para a determinacdo numeérica de neurdnios, buscando atender os
critérios quantitativos para o diagnéstico de DNI-B'> 25 3841 Qutros estudos
investigaram alteracbfes na expressdo imuno-histoquimica de uma série de
marcadores, em estruturas neuromusculares da parede intestinal, com objetivo de

auxiliar no diagnéstico morfolégico de DNI-B1® 26 42-48,

O marcador imuno-histoquimico pan-neuronal Hu C/D demonstrou-se util para
analise quantitativa de células ganglionares?®. Por meio da contagem dos nlcleos das
células ganglionares imunoexpressando Hu, Swaminathan et al. (2015) quantificaram
0 numero de células ganglionares por ganglio, o numero de ganglios submucosos e a
distancia entre as células ganglionares. A partir das diferencas significativas
encontradas entre segmentos colénicos com “Hiperplasia de célula ganglionar da
submucosa tipo DNI nas margens proximais das ressec¢does de DH” (Intestinal
Neuronal Dysplasia-like submucosal ganglion cell hyperplasia at the proximal margins
of Hirschsprung Disease resections), e o colon de individuos do grupo controle, os
autores validaram um critério quantitativo para o diagnoéstico de ganglios gigantes,

definidos pela presenca de ao menos 7 células ganglionares?.

Outro método que demonstrou potencial para auxiliar no diagnostico
morfoldgico foi a imuno-histoquimica do homdlogo da fosfatase e tensina deletado no
cromossomo dez (Phosphatase and tensin homologue deleted on chromosome TEN,
PTEN). O PTEN € um gene que codifica a proteina PTEN, composta por 403
aminoéacidos da familia das proteinas tirosino-fosfatases. Esta proteina promove a
desfosforilacdo do fosfatidilinositol 3,4,5 trifosfato (PIP3) em fosfatidilinositol 3,4
bifosfato (PIP2), resultando em inibicdo da via de sinalizacdo PISK/AKT/mTOR,

relacionada a proliferacdo celular. Desta maneira, a presenca de PTEN reduz a
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concentracéo de PIP3, regulando negativamente esta via. Por outro lado, a auséncia
de PTEN aumenta a concentracdo de PIP3, elevando a atividade de serina-treonina
quinase AKT, que regula diversas proteinas relacionadas a proliferacéo celular?® 4 °,
A avaliagdo da expressdo imuno-histoquimica do PTEN tem sido amplamente
utiizada em pesquisas oncoldgicas, uma vez que o PTEN é um dos genes

supressores tumorais mais frequentemente alterados em pacientes com cancer®2-64,

PTEN € uma proteina envolvida nos processos de proliferacdo, sobrevivéncia
e migracao celular, que apresenta papel modulador na neurogénese e plasticidade
sinaptica®> 4% %0 O’Donnell & Puri (2011) evidenciaram expresséo significativamente
reduzida do PTEN nos plexos mioentéricos e submucosos do intestino de pacientes
com DNI-B; auséncia de expressdo do PTEN em segmentos aganglionares de
pacientes com DH e expressdo fortemente positiva em segmentos intestinais

ganglionares de pacientes com DH e em individuos do grupo controle®.

Diante do potencial beneficio da utilizacdo destes dois métodos imuno-
histoquimicos para investigacado diagnéstica da DNI-B, e da escassez de estudos que
investigaram sua utilizacao neste cenario, o presente estudo foi delineado para avaliar
a capacidade diagndstica dos métodos imuno-histoquimicos Hu C/D e PTEN em

pacientes com DNI-B.



Capitulo-IT - Objetivos 54

2. Objetivos

2.1. Objetivo principal

Avaliar a aplicabilidade dos métodos imuno-histoquimicos Hu C/D e PTEN
na investigacao diagndstica de pacientes com Displasia neuronal intestinal do
tipo B (DNI-B). O método Hu C/D foi escolhido para aprimorar a contagem de
neurdnios, tendo em vista os critérios quantitativos para o diagnéstico de DNI-B.
A expressdo do PTEN, visa investigar a possivel participacdo desta proteina nas

alteracdes do sistema nervoso entérico que ocorrem na DNI-B.

2.2. Objetivos intermediarios

- Analisar quantitativamente os plexos nervosos submucosos de amostras
de colon de pacientes com ou sem diagndstico de DNI-B pelo método
histopatolégico convencional da hematoxilina e eosina (H&E) e pelo método

imuno-histoquimico Hu C/D.

- Comparar os resultados da andlise quantitativa pelo método

histopatoldgico convencional da H&E e pelo método imuno-histoquimico Hu C/D.

- Avaliar a confiabilidade da andlise quantitativa realizada pelo método
imuno-histoquimico Hu C/D através da determinagdo da concordancia
intraexaminador e da concordancia entre duas formas de interpretacdo de sua

expressao imuno-histoquimica.
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- Avaliar o padréo de expressao do marcador imuno-histoquimico PTEN
nos plexos nervosos submucosos, mioentéricos e nas camadas musculares do

colon de pacientes com ou sem diagndstico de DNI-B.
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3. Pacientes e métodos

3.1. Casuistica e cenéario

Foi realizado levantamento retrospectivo das pecas cirdrgicas de
pacientes com menos de 18 anos de idade, submetidos a abaixamento de célon,
entre 1992 e 2012, no Hospital das Clinicas da Faculdade de Medicina de
Botucatu — UNESP. Foram incluidas amostras de colon e reto de pacientes com
diagndstico histopatologico de DNI-B, estabelecido de acordo com os critérios
propostos no Consenso de Frankfurt de 19902, sem outras disganglionoses
intestinais associadas e sem evidéncias de miopatias associadas, de acordo
com a identificacdo de expressao imuno-histoquimica para actina de musculo
liso (Smooth Muscle Actin, SMA) nas células musculares lisas® 3% 51, O grupo
controle incluiu amostras colorretais de pacientes com menos de 18 anos de
idade, entre 2009 e 2019, no Hospital das Clinicas da Faculdade de Medicina de
Botucatu — UNESP. As amostras foram obtidas de autopsias de individuos sem
histéria clinica de doenca gastrointestinal cronica e de pecas cirurgicas de
pacientes submetidos a abaixamento de colon por Doenca de Hirschsprung, com
utilizacdo de amostras de segmentos intestinais aganglibnicos e proximais a
zona de transicao, com distribuicdo normal de células ganglionares, sem DNI
associada e sem alteracdes histoldgicas identificadas na analise dos plexos
nervosos¥. Este estudo foi aprovado pelo Comité de Etica em Pesquisa da
Faculdade de Medicina de Botucatu - UNESP (Numero CAAE

63610617.9.0000.5411).
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3.2. Processamento das pecas cirurgicas e das amostras de autopsia

As pecas cirurgicas dos pacientes submetidos ao abaixamento de cdlon
foram levadas a fresco, imediatamente apOs a cirurgia, ao Departamento de
Patologia. Os segmentos de intestino distal foram dissecados em autopsias com
menos que 12 horas de 6bito. As pecas cirargicas e 0os segmentos de intestino
foram abertos pela borda antimesentérica, lavados com agua e fixados em
superficie rigida, para manter sua forma, imersos em solucdo de formalina a
10%. ApOs 24 horas, cortes longitudinais foram realizados ao longo das pecas.
Estes cortes foram seccionados em pedagos menores, com 2 cm cada, locados
em cassetes numerados. Para este estudo, foram recuperados os fragmentos
intestinais, e realizados novos cortes histologicos processados pela histologia

padrédo (H&E) e para os métodos imuno-histoquimicos Hu C/D e PTEN.

3.3. Histologia padréo pela hematoxilina e eosina (H&E)

Foram realizados cortes histolégicos seriados, com 5 um de espessura,
corados pela H&E. A andlise histopatolégica destas sec¢fes histoldgicas foi
direcionada para caracterizacdo das estruturas dos plexos nervosos da

submucosa.
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3.4. Métodos imuno-histoquimicos Hu C/D e PTEN

A andlise imuno-histoquimica foi realizada em cortes histolégicos de 4 um
de espessura. O preparo das amostras iniciou-se com a recuperagao antigénica
em solucédo de pH alto por 20 minutos em temperatura de 95°C no PTLink da
Dako. O bloqueio da peroxidase endogena foi realizado através da incubacéao
das laminas em solucdo de peroxido de hidrogénio a 3%, por 5 minutos, em
sistema automatizado (Autostainer Link 48, Dako, Glostrup, Denmark). Foram
utilizados o anticorpo Hu C/D monoclonal 16A11 de camundongo (Molecular
Probes, Eugene, OR), na diluicdo 1:200, por tempo de 20 minutos, e 0 anticorpo
monoclonal de camundongo anti-humano PTEN, clone 6H2.1 (Dako), na diluicdo
1:100, em Sistema Autostainer da Dako. Apos Incubacao do anticorpo conjugado
da Labelled Polymer Flex'HRP por 20 minutos, foi aplicado cromégeno 3,3-
diaminobenzidine por 10 minutos, conforme recomendacéo do fabricante®?. As

laminas foram contra coradas pela hematoxilina.

3.5. Andlise histopatoldgica

A andlise histopatoldgica foi realizada em conjunto por duas meédicas
patologistas, com experiéncia no diagndstico de disganglionoses intestinais, sem
conhecimento das informag@es clinicas dos pacientes e do grupo de inclusdo no
estudo. Primeiramente, foi realizada andlise pelo método histolégico padrdo da
H&E, para caracterizar a morfologia dos plexos nervosos da submucosa. A

seguir, foi feita analise imuno-histoquimica para investigar a expressao dos
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marcadores Hu C/D e PTEN. O marcador Hu C/D é especifico para células
nervosas que expressam coloracdo acastanhada nuclear e citoplasmética. O
PTEN apresenta padréo de coloracdo celular citoplasméatico e/ou nuclear em

filetes e células nervosas.

3.5.1. Analise quantitativa dos plexos nervosos

Foi realizada andlise quantitativa dos plexos nervosos da submucosa
pelos métodos H&E e Hu C/D. Esta analise incluiu o nimero total de neurdnios
identificados nos plexos nervosos, 0 numero total de plexos nervosos
encontrados, a razao entre o numero total de neurdnios identificados e o nimero
de plexos nervosos examinados, o nimero maximo de neurdnios identificado em

um plexo nervoso e a porcentagem de plexos nervosos com 7 ou mais neuronios.

A andlise quantitativa pelo método Hu C/D foi realizada duas vezes, apés
intervalo de 2 meses, em conjunto, pelas mesmas examinadoras. Na primeira
andlise quantitativa por este método, foram aplicadas duas metodologias de
andlise: a interpretacdo padrdo pelo Hu C/D, com contagem somente dos
nucleos celulares e outra interpretacdo ampliada com contagem do citoplasma e
dos nucleos celulares, considerando que, por vezes, pode ocorrer contagem

equivocada do citoplasma (ao invés do nucleo) das células.
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3.5.2. Expressédo imuno-histoquimica do marcador PTEN

A analise da expressao imuno-histoquimica do PTEN foi feita em amostras
da parede intestinal nas seguintes localizacfes: plexos nervosos submucosos,
mioentéricos e nas camadas da muscular prépria. Nos casos do grupo controle
com diagnéstico de Doenca de Hirschsprung foi realizada analise da expresséo
do PTEN no segmento com presenca de células ganglionares e adicionalmente

também nos segmentos aganglionares.

3.6. Analise dos resultados

Os resultados da analise quantitativa dos plexos nervosos pelos métodos
H&E e Hu C/D permitiram a comparacéo entre as contagens obtidas por estes
métodos. Além disso, foi possivel avaliar a capacidade de diferenciacdo destes
dois métodos para os pacientes dos dois grupos (grupo DNI-B e grupo controle)
em relacdo aos parametros quantitativos analisados. A confiabilidade da anélise
guantitativa realizada pelo método Hu C/D foi estimada. Para isso, foram
avaliadas a concordancia entre as duas abordagens de analise (expressao
nuclear versus expressao nuclear e citoplasmatica) e a concordancia entre as
afericOes realizadas em momentos diferentes. A capacidade de diferenciacédo do
PTEN entre os pacientes dos dois grupos foi avaliada de acordo com o padrao

de expresséo imuno-histoquimica nos plexos nervosos e camadas musculares.
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3.7. Andlise estatistica

Dados numéricos continuos foram expressos em média + desvio padréo e
mediana (minimo/maximo) de acordo com o tipo de distribuicdo dos dados,
determinada pelos testes de normalidade de Shapiro-Wilk. Proporcdes foram
apresentadas em percentuais e seus respectivos intervalos de confianca. A
comparacao entre grupos foi realizada utilizando-se diferentes critérios. As
variaveis categoéricas nominais foram analisadas através do Teste Exato de
Fisher e a comparacéao entre proporcdes foi realizada através do Teste Binomial.
As varidveis numéricas continuas, de distribuicAo ndo paramétrica, foram
avaliadas através do Teste de Mann-Whitney (para comparacdo entre amostras
independentes) ou de Wilcoxon (para avaliacdo de amostras relacionadas). As
variaveis numéricas continuas, de distribuicdo paramétrica, foram analisadas por
teste T. Analises de concordancia foram realizadas pela determinacédo de
coeficiente de correlacdo intraclasse®® >*. O nivel de significancia considerado

foi de 5% e a andlise foi realizada no software SPSS 22.0 for Windows.
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4. Resultados

4.1. Caracterizacdo dos pacientes e grupos

Cento e treze pacientes, com menos de 18 anos de idade, foram submetidos ao
abaixamento de colon por disganglionoses intestinais entre 1992 e 2012. Neste grupo,
29 pacientes receberam diagnostico de DNI-B, de acordo com o0s critérios
morfolégicos propostos pelo Consenso de Frankfurt (1990)'?, sem outras
disganglionoses ou miopatias associadas (Figura 1). A mediana de idade dos
pacientes, no momento da cirurgia, foi de 26 meses (1-199 meses). Dez (34,4%)
pacientes tinham idade menor que 1 ano e dezenove (65,6%) idade maior que 1 ano.

Dezenove pacientes (65,6%) eram do sexo masculino e dez (34,4%) do sexo feminino.

O grupo controle (n=10) foi composto por amostras de célon e reto obtidas de
autopsias (n=4) ou pecas cirargicas (n=6) (Tabela 1). Os casos de autopsia foram de
pacientes falecidos por causas diversas, sem histéria clinica de doenca
gastrointestinal cronica. Duas causas de 6Obito foram decorrentes de complicacdes de
doenca gastrointestinal aguda: diarréia aguda e desidratacdo e enterocolite
necrosante. Nos casos das pecas cirargicas, 0s pacientes possuiam diagnéstico de
DH e foram utilizadas amostras de segmentos intestinais aganglidnicos e proximais a
zona de transicdo, com distribuicdo normal de células ganglionares, sem DNI
associada. A mediana de idade dos pacientes do grupo controle foi de 7 meses (1-
145 meses). Seis (60%) pacientes tinham idade menor que 1 ano e quatro (40%) idade
maior que 1 ano. Oito pacientes (80%) eram do sexo masculino e dois (20%) do sexo
feminino. Nao houve diferenca para a mediana de idade e para distribuicdo de sexo

entre os pacientes dos dois grupos (Tabela 2).
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Tabela 1 — Caracteristicas do grupo controle.

Idade Sexo Material Causa da morte ou Doenca de base
1 més Masculino Autopsia Diarréia aguda e desidratacao
1 més Masculino Autopsia Enterocolite necrosante
3 meses Feminino Autépsia Cardiopatia congénita
3 meses Masculino Peca cirdrgica Doencga de Hirschsprung
7 meses Masculino Autopsia Ectopia ureteral
7 meses Masculino Peca cirdrgica Doenca de Hirschsprung
3 anos 1 més Masculino Peca cirdrgica Doenca de Hirschsprung
9 anos 9 meses  Masculino Peca cirdrgica Doenca de Hirschsprung
9 anos 11 meses  Masculino Peca cirdrgica Doenca de Hirschsprung
12 anos 1 més Feminino Peca cirdrgica Doencga de Hirschsprung

Tabela 2 — Analise comparativa entre o grupo DNI-B e o grupo controle em
relacdo a idade e ao sexo.

Grupo DNI-B Grupo controle p
Idade (dias)" 790 (22/5805) 221 (8/4380) 0,859 @
masculino 65,5 (47,3-80,1) % 80 (49,0-94,3) %
Sexo” 0,126 ©

feminino 34,5 (19,9-52,7) % 20 (5,7-51,0) %

* dados expressos em mediana (minimo/maximo)

# dados expressos em distribuicéo percentual (IC95%)
a p valor associado ao teste de Mann-Whitney

b p valor associado ao teste Binominal.
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4.2. Andlise gquantitativa dos plexos nervosos pelo método imuno-

histoquimico Hu C/D

4.2.1. Contagem de neurdnios nos plexos nervosos submucosos e

comparacédo com H&E

Esta analise incluiu os 39 pacientes do estudo (29 grupo DNI-B e 10 grupo
controle). O método imuno-histoquimico Hu C/D permitiu identificar numeros
significativamente maiores de neurdnios do que os identificados pelo método H&E

(Figura 2) (Tabela 3).

Tabela 3 — Contagem de neurbnios nos plexos nervosos submucosos:
comparacao entre Hu C/D e H&E (n=39).

Variavel Hu C/D H&E p
N° total de neurdnios 173,71 £ 132,22 120,89 + 91,79 0,0012
N° de neurbnios / n°de
) 2,34+0,41 1,47 £ 0,69 < 0,00012
plexos examinados
N° maximo de

o 8,41 + 2,57 8,41 £ 3,95 1,0002
neurdnios por plexo
% de plexos com 27

3,80 (0/11,3) 1,50 (0/13,3) 0,014°

neurdnios

ap valor associado ao teste T pareado, ° p valor associado ao teste de Wilcoxon.

4.2.2. Avaliacédo da concordancia intraexaminadora

Houve indicadores de concordancia considerados adequados para as analises

quantitativas pelo Hu C/D, realizadas por uma mesma examinadora, em momentos
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diferentes (Tabela 4), nos 39 pacientes incluidos no estudo, sem estratificacdo entre

0S grupos.

Tabela 4 — Concordancia intraexaminadora para o Hu C/D (n=39).

Variavel CCl Estimativa de CCl Estimativa de
medidas magnitude de medidas magnitude de

anicas concordancia® médias  concordancia’
Numero total de 0,887 Quase completa 0,940 Quase completa
neurénios
Média neurdnios/plexo 0,447 Moderada 0,618 Substancial
NUmero maximo de 0,728 Substancial 0,843 Quase completa
neurénios
% plexos 27 0,605 Moderada 0,754 Substancial
neurbnios

CCI: coeficiente de correlacao intraclasse;
" estimativa de magnitude de concordancia de acordo com Landis & Koch (1977)5%.

4.2.3. Concordancia entre os critérios de interpretacdo do método imuno-

histoquimico Hu C/D

Esta andlise incluiu os 39 pacientes do estudo. Para a maioria das variaveis
guantitativas analisadas, houve concordancia considerada adequada entre a
interpretacdo padrdo do método imuno-histoquimico Hu C/D, com contagem da
marcacdo dos nucleos celulares e a interpretacdo ampliada que considerou a
contagem da marcacéo dos nucleos e do citoplasma das células nervosas (Figura 3)

(Tabela 5).
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Tabela 5 — Concordancia entre diferentes formas de analise pelo Hu C/D.

Métodos CcCl ) CcCl )
. » _ Magnitude de ) Magnitude de
de analise Variavel medidas _ ., medidas .
. concordancia . concordéancia
Hu C/D Unicas meédias
Numero total Quase Quase
. 0,813 0,897
de neurénios completa completa
Contagem de o
Média
nucleos . 0,335 Fraca 0,502 Moderada
neurdnios/plexo
X
Numero
Contagem de . ;
: maximo de 0,575 Moderada 0,730 Substancial
nacleos e .
: neurénios
citoplasma

% plexos =27
. 0,392 Fraca 0,564 Moderada
neurénios

CCI: coeficiente de correlacéo intraclasse;

" estimativa de magnitude de concordancia de acordo com Landis & Koch (1977)%%.

4.2.4. Discriminacdo entre os grupos DNI-B e controle na analise

histopatoldgica pelos métodos Hu C/D e H&E

Esta andlise inclui os 39 pacientes do estudo: 29 grupo DNI-B e 10 grupo
controle. A comparacdo entre os resultados da andlise quantitativa dos plexos
nervosos dos dois grupos, de acordo com os métodos Hu C/D e H&E da andlise
histopatoldgica, esta apresentada na Tabela 6. Ndo houve diferencas significativas
entre o grupo DNI-B e o grupo controle para todas as variaveis analisadas pelo método
imuno-histoquimico Hu C/D (Tabela 6). As diferencas foram significativas entre o
grupo DNI-B e o grupo controle para todas as variaveis analisadas pelo método

histolégico convencional H&E (Tabela 6).
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Tabela 6 — Comparacdo entre grupo DNI-B e grupo controle para a analise
guantitativa dos plexos nervosos de acordo com os métodos H&E e Hu C/D.

Variavel

Grupo DNI-B
(n=29) *

Grupo controle
(n=10) *

pa

H&E

Numero total de
neurénios
Numero de
neurénios /
namero de plexos
avaliados
NUmero maximo
de neurdnios em
um plexo
Porcentagem de
plexos com mais

que 7 neurbnios

133 (6/474)

1,53 (0,375/3,12)

9 (4/20)

2,4 (0/13,3)

48 (21/178)

1,11 (0,26/1,95)

5,5 (4/11)

0 (0/1,4)

0,013

0,033

0,004

0,001

Hu C/D

Numero total de
neurénios
Numero de
neurénios /
namero de plexos
avaliados
NUmero maximo
de neurénios em
um plexo
Porcentagem de
plexos com mais

gue 7 neurdnios

170 (20/454)

2,16 (0,59/2,73)

8 (5/17)

2 (0/7,1)

91,5 (22/428)

2,22 (1,25/3,15)

8 (3/21)

1,35 (0/9,5)

0,176

0,723

0,675

0,629

" dados expressos em mediana (minimo/maximo)

@ p valor associado ao teste de Mann-Whitney.
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4.3. Anélise da expressao imuno-histoquimica do PTEN

Foram analisados 39 pacientes: 29 do grupo DNI-B e 10 do grupo controle.

A imunoexpressdo do marcador PTEN foi identificada nas células de Schwann,
gue constituem o arcabouc¢o dos plexos nervosos submucosos e mioentéricos e nas

terminacdes neurais finas que permeiam a camada muscular propria (Figuras 4, 5, 6).

Verificou-se perda da expressdo do PTEN nos plexos nervosos submucosos e
mioentéricos em 25/29 (86%) casos do grupo DNI-B (Figuras 4 e 5). No grupo controle
9/10 (90%) casos apresentaram expressao positiva do PTEN nas células de Schwann

dos plexos submucosos e mioentéricos (Figuras 4 e 5) (Tabela 7).

Verificou-se auséncia de expressao do PTEN na camada muscular propria em
21/29 (72%) casos do grupo DNI-B. Todos os casos do grupo controle (n=10)
apresentaram imunoexpressao positiva do PTEN na camada muscular (Figura 6)

(Tabela 7).

No grupo controle, todos os casos de Doenca de Hirschsprung apresentaram
expressao positiva do PTEN, tanto nos segmentos intestinais com aganglionose,
como nos segmentos proximais com distribuicdo normal de células ganglionares

(Figura 7).
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Tabela 7 — Expressdo imuno-histoquimica do PTEN.

. Grupo DNI-B Grupo controle
Expressdo PTEN p?
(n=29) (n=10)
Negativa 21 0 0,0001
Muscular
o Perda de expresséo 7 0 0,158
propria -
Positiva 1 10 <0,0001
Negativa 4 0 0,555
Plexo
Perda de expresséo 25 1 <0,0001
submucoso
Positiva 0 9 <0,0001
Negativa 3 0 0,555
Plexo
; - Perda de expresséo 25 1 <0,0001
mioentérico .
Positiva 1 9 <0,0001

a p valor associado ao teste exato de Fisher.
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5. Discusséao

Quase 50 anos apoés sua descricdo original®, a DNI-B ainda é considerada uma
entidade patologica controversa, com etiopatogenia pouco conhecida e com uma série
de dificuldades relacionadas ao seu diagnéstico® 4 © 7. Apesar de todas estas
incertezas, pacientes continuam apresentando quadros graves de constipacdo ou
obstrucdo intestinal, associados a alteracdes histopatolégicas compativeis com este
fendtipo morfologico, o que faz com que todo o esforco direcionado para novas
perspectivas diagnésticas seja justificado’. Somente o diagnéstico correto destes

pacientes podera direcionar tratamentos mais eficazes e melhores progndsticos.

Neste sentido, técnicas imuno-histoquimicas vém se apresentando como
potenciais adjuvantes para o diagndstico histopatolégico de DNI-B1® 25 3848 Além de
serem amplamente disponiveis e aplicaveis aos cortes histologicos de amostras
emblocadas em parafina, estes métodos permitem a identificacéo de outras estruturas
neuromusculares da parede intestinal, proporcionando um olhar para além das células

ganglionares dos plexos nervosos do sistema nervoso enteérico.

Marcadores imuno-histoquimicos de neurdnios como a proteina Hu C/D, o
produto do gene da proteina 9.5 (Protein Gene Product 9.5, PGP9.5) e a enolase
neurdnio especifica (Neuron Specific Enolase, NSE), podem ser (teis na investigacao
diagnoéstica para DNI-B?% 38 3% 44 O marcador pan-neuronal Hu C/D detecta corpos
celulares e apresenta a vantagem de ndo marcar fibras nervosas, o que facilita o
reconhecimento individual de neurénios3® 5557, Estas caracteristicas tornam o Hu C/D
um método bastante atrativo para a investigacdo diagnostica da DNI-B,

particularmente para a contagem de neurdnios nos plexos nervosos submucosos,
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atendendo as diretrizes para preenchimento de critérios diagnésticos quantitativos?®.
No estudo realizado por Swaminathan et al. (2015)%°, este marcador facilitou a
identificacdo de células ganglionares e permitiu sua quantificagdo com boa
reprodutibilidade por um mesmo examinador. Por meio da contagem de neurdnios
com imunopositividade para Hu C/D, os autores validaram um critério para o
diagnostico de géanglios gigantes, definido pela presenca de ao menos 7 células
ganglionares. Apesar da utilizagdo de um grupo controle bem definido, este estudo
nao utilizou segmentos de célon de pacientes com diagnostico de DNI-B isolada, mas
amostras colbnicas de pacientes com DNI associada a DH denominada como
“Hiperplasia de células ganglionares da submucosa tipo DNI” (Intestinal Neuronal

Dysplasia-like submucosal ganglion cell hyperplasia).

Em nosso estudo, o Hu C/D demonstrou-se um método Util e de aplicacao
simples para identificacdo e contagem de neurdnios em pacientes com diagnéstico
prévio de DNI-B. A contagem de neurdnios por este método mostrou-se confiavel®,
ao fornecer resultados concordantes para contagens realizadas em momentos
diferentes e de acordo com métodos distintos de interpretagéo. Entretanto, a avaliacao
guantitativa neuronal pelo Hu C/D, ndo se mostrou adequada para diferenciagao entre
os pacientes do grupo DNI-B e do grupo controle, inclusive na comparacédo entre
nameros de ganglios gigantes, de acordo com a proposta de Swaminathan et al.

(2015)2.

O método HUC/D facilita a identificacdo de neurbnios degenerados e imaturos,
dificiimente reconhecidos pela H&E®® %7, o que pode ter contribuido para a
identificacdo de um namero significativamente maior de neurdnios por este método

imuno-histoguimico em comparacdo a contagem realizada pela analise histolégica
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convencional. Por outro lado, a avaliagdo quantitativa neuronal realizada pelo H&E foi
capaz de discriminar os grupos DNI-B e controle. Estes resultados evidenciam as
limitacdes do diagndstico de DNI-B centrado na quantificacdo neuronal. Seja qual for
o0 método utilizado, a contagem neuronal € dependente de uma série de fatores, que
incluem a capacidade de identificacdo de neurbnios do método, as diferengas entre o
tamanho das amostras analisadas e a concordancia entre contagens realizadas por

diferentes examinadores, que tende a ser bastante limitada'® 17 25,

A andlise da expressado imuno-histoquimica do PTEN mostrou-se aplicavel,
com interpretacao simples e adequada para discriminar os casos do grupo DNI-B e
do grupo controle, com diferencas estatisticamente significativas identificadas em sua
expressao nos plexos nervosos e na camada muscular prépria. A maior parte dos
casos com DNI-B apresentou perda ou expressdo negativa do PTEN, em contraste

com o grupo controle, em que a expressao foi positiva para este marcador.

O papel regulatério do PTEN na proliferacdo celular tem estimulado
investigacoes relacionadas ao seu envolvimento na etiopatologia de doencas
neuromusculares gastrointestinais. Becker et al. (2013)#°, utilizando um sistema de
cultura de tecido ex vivo, demonstraram que a neurogénese nos ganglios entéricos é
dependente de PTEN. Um modelo experimental em ratos demonstrou que a delecéo
embrionaria seletiva no l6cus PTEN em células nervosas entéricas foi capaz de induzir
sua hiperplasia e hipertrofia em fases posteriores da embriogénese®°. Por outro lado,
um modelo experimental em ratos deficientes na proteina de ligacédo de retinol sérico
(Rbp4-/-), demonstrou que a deficiéncia de acido retindico esta associada ao acumulo
de PTEN nas células migratérias precursoras do sistema nervoso entérico. Nesta

situacdo, estas células passam a ter migracéo lentificada, gerando segmentos com
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aganglionose intestinal®> . Em humanos, foi evidenciada reducdo da expressdo
imuno-histoquimica do PTEN em pacientes com ganglioneuromatose (doengca com
ganglios gigantes maiores que na DNI-B e intensa hiperplasia dos plexos
submucosos)®® e foram identificados niveis aumentados de RNA mensageiro e da
proteina PTEN no colon de pacientes com DH, possivelmente relacionados a
expressdo diminuida dos microRNAs 200a e 141°%7. Estudo prévio do nosso grupo
analisou a expressdo de microRNAs em segmentos de intestino dos mesmos 29
pacientes com DNI-B incluidos no presente estudo. Houve expressao alterada de uma
serie de microRNAs relacionados a genes e vias moleculares que incluiam o gene
PTEN®8, O miRNA 451, que apresentou expressdo significativamente diminuida no
cblon e no sangue dos pacientes com DNI-B € um dos miRNAs descritos como
reguladores da expressdo do PTEN®® 70, Este achado refor¢a o potencial papel do
gene PTEN como regulador do desenvolvimento do sistema nervoso entérico,

relacionado ao desenvolvimento das neuropatias congénitas.

Diferentemente do descrito por O’Donnell & Puri (2011)*®, observamos que
todos os pacientes com Doenga de Hirschsprung apresentaram expressao positiva do
PTEN, tanto nos segmentos aganglionares, quanto nos segmentos
normoganglionares, proximais a zona de aganglionose. Este resultado é corroborado
pelas evidéncias de que o aumento de expressdo do PTEN deve estar relacionado a
diminuicdo da proliferagdo celular, interrompendo o desenvolvimento normal do

sistema nervoso entérico*?: 59, 65-67,

Outro ponto relevante na interpretacédo do PTEN € a sua expressao em outras
estruturas, além dos plexos nervosos da submucosa e da muscular propria. Em nosso

estudo, a maioria dos pacientes com DNI-B apresentou perda da expressédo do PTEN
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na camada muscular propria, diferentemente do que ocorreu nos pacientes do grupo
controle, que apresentavam expressao positiva em fibras nervosas localizadas nesta
camada da parede intestinal. Estes achados sugerem o comprometimento de
estruturas neuromusculares nos casos de DNI-B, ampliando o olhar da etiopatogenia
e dos critérios diagnésticos para além do debatido e controverso niumero de células

ganglionares dos plexos nervosos da submucosa.

O numero excessivo de células ganglionares nos plexos nervosos da
submucosa, “ganglios gigantes”, constitui a alteracdo morfolégica de maior destaque
para o diagnoéstico da DNI-B%10. 1213 Esta alteracdo estrutural pode ser atribuida ao
comprometimento da funcdo do gene PTEN, levando a migracdo inadequada das
células ganglionares para os plexos nervosos da submucosa e a perda da conexao
destes neurdnios motores com as terminacdes nervosas finas que permeiam a

camada muscular propria, responsaveis pela integridade da jungdo neuromuscular.

Estudos experimentais demonstraram que a inativagdo do PTEN pode
comprometer o desenvolvimento da juncdo neuromuscular e a maturacdo da
musculatura, com potencial prejuizo funcional’™> 72. A juncdo neuromuscular é
composta por trés elementos: neurbnios motores pré-sinapticos, fibras musculares
pés-sinapticas e células de Schwann perissinapticas’t. No intestino, esta estrutura é
responsavel pela conexao entre o sistema nervoso entérico e a musculatura lisa,
responsavel pela motilidade. Os neurdnios dos plexos mioentéricos sao a principal
fonte de inervacdo da camada muscular longitudinal e da lamela externa da camada
muscular circular. Os neurénios dos plexos submucosos inervam a lamela interna do
musculo circular’®. Alteragcbes da expressdo de outros marcadores imuno-

histoquimicos ja haviam sugerido o potencial comprometimento das juncdes
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neuromusculares em pacientes com DNI-B. Kobayashi et al. (1996)*? evidenciaram
gue os marcadores Neural Cell Adhesion Molecule (NCAM), Growth Associated
Protein 43 (GAP43) e sinaptofisina apresentavam auséncia de expressdo ou
expressdo marcadamente diminuida nas camadas musculares do intestino de
pacientes com DNI-B, comparados a um grupo controle. Nao havia alteracdo da
expressao destes marcadores nos plexos nervosos do sistema nervoso entérico. Kim
et al. (2010)%° também evidenciaram reducéo da imunoexpressédo de NCAM nas fibras
nervosas da muscular externa em pacientes com DNI-B. A NCAM € uma glicoproteina
de superficie, importante para a interacdo entre neurdnios e células musculares
durante a sinaptogénese e considerada como um marcador de juncdo

neuromuscular4?.

Algumas limitagdes deste estudo devem ser consideradas, como o desenho
retrospectivo, utilizando amostras emblocadas em parafina, com intervalos diferentes
de tempo de armazenamento. O levantamento dos casos de DNI-B correspondeu ao
periodo de 1992 a 2012 pois, a partir desta data, houve mudanca na conduta da
equipe médica que passou a realizar o tratamento conservador ao invés do tratamento
cirirgico com abaixamento de cdélon. Outra limitacdo esta relacionada a DNI-B e as
inUmeras polémicas que cercam essa entidade patoldgica. Kapur & Reyes-Mugica
(2019)74, em recente revisdo sobre o assunto, concluem que a DNI-B continua sendo
um fendtipo histopatolégico indefinido, com relevancia clinica incerta, mas que pode
representar desvios da normalidade. Schmittenbecher et al. (2000)7° consideram que
a DNI-B deve ser definida como uma entidade clinica, uma vez que os sintomas
apresentados por esses pacientes sdo evidentes e influenciam diretamente a

gualidade de vida. A maioria dos especialistas presentes no 4° Simpadsio Internacional
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de Doenca de Hirschsprung e Neurocristopatias Associadas, que ocorreu em Genova,
Italia, em 20047, e a maioria dos participantes de um levantamento recente da
Associacdo Europeia de Cirurgides Pediatricos’’ afirmam acreditar na existéncia da
DNI-B. Por tudo isso, investigacBes sobre aspectos diagndsticos sao fundamentais

para maior conhecimento sobre esta doenga ainda téo cheia de incertezas.

Por outro lado, alguns pontos fortes do estudo merecem ser destacados. Os
pacientes com DNI-B foram diagnosticados de acordo com critérios estabelecidos pelo
Consenso de Frankfurt'?, que eram as diretrizes disponiveis a época, utilizadas por
grande parte dos estudos sobre esta doenca® 12 1520, Além disso, as amostras foram
submetidas a andlise de expressdo imuno-histoquimica para SMA, permitindo afastar
miopatias associadas? 3% 51, Qutro ponto relevante foi a inclusdo de um grupo controle.
A determinacdo de um grupo controle que seja confiavel, composto por criancas
saudaveis e sem sintomas intestinais € um dos maiores desafios para as
investigacdes cientificas relacionadas a DNI-B. A obtencdo de amostras de intestino
para uso como controle apresenta limitagdes éticas, pela necessidade de
procedimentos invasivos para sua obtencdo'# ¢ 74 78 No presente estudo, utilizamos
amostras de intestino de autopsias de pacientes que nao apresentavam histéria clinica
de doenca gastrointestinal crénica. Também foram incluidas amostras de pecas
cirirgicas de pacientes submetidos a abaixamento de célon por DH, obtidas dos
segmentos intestinais proximais a zona de transicdo, em areas que apresentavam
distribuicdo normal de células ganglionares, sem DNI associada e sem alteracdes
morfoldgicas dos plexos nervosos®’. Avaliamos também a expressdo do PTEN na
zona agangliénica ja que as biopsias de reto da rotina diagnéstica sdo direcionadas

para o diagnostico da disganglionose mais frequente, a DH. Cabe destacar que o
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grupo controle ndo apresentou diferencas significativas em relacdo a idade e sexo,
guando comparado ao grupo de pacientes com DNI-B. Isto é particularmente relevante
em relacdo a idade, uma vez que a variacdo do numero de células ganglionares
relacionada a idade, principalmente durante o primeiro ano de vida, poderia influenciar

os resultados comparativos entre os grupos’®.
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6. Conclusao

Em sintese, concluimos que os métodos imuno-histoquimicos Hu C/D e PTEN
sdo Uteis na investigacdo diagnostica de amostras de intestino de pacientes com

hipotese de Displasia neuronal intestinal tipo B (DNI-B).

A analise quantitativa neuronal dos plexos nervosos da submucosa pelo
método Hu C/D facilitou a identificacdo e contagem das células ganglionares, apesar
de nédo discriminar o grupo DNI-B do controle sendo, portanto, Gtil na investigacdo dos

critérios numéricos para o diagnéstico de DNI-B.

A analise da expressédo imuno-histoquimica do PTEN permitiu a discriminar o
grupo DNI-B do controle, mostrando-se capaz de diagnosticar DNI-B através da perda
ou auséncia de expressao do PTEN nas células de Schwann dos plexos nervosos

submucosos, mioentéricos e na camada muscular propria.

A identificacdo de alteracdes da expressédo imuno-histoquimica do PTEN no
sistema nervoso entérico nos casos de DNI-B sugere que a patogénese da alteracao
da motilidade intestinal deve estar relacionada ao comprometimento da juncao
neuromuscular, conforme demonstrado pela auséncia de expressdo do PTEN nos

componentes neurais da camada muscular propria.
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Figura 1 — DNI-B (a e b): plexos nervosos submucosos com hiperganglionose

(setas) (H&E, 400x).
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Figura 2 — DNI-B: plexos nervosos submucosos com hiperganglionose. (a) 8

neurénios (setas) (H&E, 400x); (b) 10 neurdnios (setas) (Hu C/D, 400x).
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Figura 3 — DNI-B (a e b) Plexos nervosos submucosos com hiperganglionose.

Hu C/D com imunoexpressao nuclear (400x).
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Figura 4 — Imunoexpressao do PTEN nos plexos nervosos submucosos: (a)

controle: expressao positiva e (b) DNI-B: perda de expresséao (seta) (400x).
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Figura 5 — Imunoexpressdo do PTEN nos plexos nervosos mioentéricos: (a)

controle: expressédo positiva e (b) DNI-B: perda de expresséao (seta) (400x).
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Figura 6 — Imunoexpressédo do PTEN nas terminacdes nervosas da camada
muscular: (a) controle: expressao positiva (seta) e (b) DNI-B: perda de expressao

(400X).
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Figura 7 — Imunoexpresséao positiva do PTEN na Doenca de Hirschsprung: (a,
c, e): segmento aganglionico; (b, d, f): segmento ganglidnico; (a, b): plexos

submucosos; (c, d): plexos mioentéricos e (e, f): muscular propria (400x).
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Studies using immunohistochemical (IHC) methods for diagnosis of Intestinal neuronal dysplasia type B (IND B).

Histopathological findings of immunoexpression in

IHQ marker Authors Number of patients with IND B Method for IHC analysis patients with IND B Main conclusions
- Positive expression in immature ganglion cells.
Expression in ganglion cells, - Area of myenteric plexuses significantly larger in The method can be used with calretinin
Bol2 Wang et al. 37 comparing number of cells and areas | IND B than in control group. and RET as a valuable tool in the
(2016) of nerve plexuses in IND B, HD and - Ganglion cell number significantly higher in IND B | differential diagnosis between IND B and
controls. than in control group. HD.
- Ganglion cell size smallerin IND B.
Wang et al Expression in nerve plexuses and Positivg expression in mature ganglion cells and The method can be ysed wi.th RET e Bcl-
(2016) ' 37 muscle layers nerve fibers in myenteric plexuses in IND B and 2 as a valuable tool in the differential
' absence of expression in aganglionic segmentin HD. | diagnosis between IND B and HD.
Calretinin Positive expression in neurons of the submucosa . . . .
Terra etal. 2 Expression in ganglion cells and nerve plexuses, intrinsic nerve fibers, and ectopic .lt Gl I d|agn05|s‘of lND.B‘ il
. o is not as useful as for the diagnosis of
(2017) nerve fibers and number of neurons. neurons in the mucosa. Identification of fewer HD
neurons than H&E in quantitative analysis. '
Number of Cajal intersticial cells in Positive expression in Cajal cells in muscle layers
Geramizadeh 29 musdle layers and myenteric with significantly higher numbers in IND B compared | It can assist in differentiating between
etal. (2013) ; to HD, but without significant difference with control IND B and HD.
plexuses in HD and controls. group
okt Number of Cajal intersticial cells in Positive expression in Cajal cells in muscle layers
Kim et al. 13 muscle layers and myenteric and myenteric nerve plexuses, with no significant No difference between IND B and other
(2010) plexuses in IND B and other causes differences between the number of Cajal cells in IND | causes of intestinal pseudo-obstruction.
of intestinal pseudo-obstruction. B and other causes of intestinal pseudo-obstruction.
Yamataka et al. 3 Expression in myenteric plexuses and | Reduction of expression in muscle layers, but not in Abnormal synapse in muscle layers in
(1997) muscle layers in IND B and controls. myenteric plexuses in IND B. IND B.
- Absence of expression in muscularis mucosae
GAP43 Kobayashi et 14 (4 isolated IND B and 10 Expression in nerve and nerve and/or in the circular muscular and/or longitudinal Changes in neuromuscular junctions in
al. (1996) IND B associated with HD) plexuses in IND B and controls. muscular. IND B.
- Positive expression in nerve plexuses.
- . . . Validation of a quantitative
Swaminathan . . Number of ganglion cell nuclei in S|gn|ﬂcan_t diferences in the‘number of 93’.‘9""” cells histopathological criterion for the
Hu C/D 64 IND B associated with HD per ganglion between colonic segments with . . ) . :
etal. (2015) submucosal plexuses. diagnosis of giant ganglia, defined by the

hyperplasia compared to the control gropu.

presence of at least 7 ganglion cells.
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Kobayashi et

Number of mast cells in IND B,

A higher number of mast cells in IND B and

Mast cells may be involved in the

Mast cells al. (1999) 5 IND B associated with HD aganglionic and ganglionic segments | aganglionic segments, compared to ganglionic pathogenesis of HD and IND B.
(HD) and controls. segments and control group.
Positive expression in neurons of the muscular
Geramizadeh 29 Number of neurons in muscle layers layers, higher number of neurons in IND B, compared | It can assist in differentiating between
etal. (2013) in IND B, HD and controls. to HD, but without significant differences with control | IND B and HD.
group.
Expression and distribution of nerve Positive expression in nerve fibers in muscle layers
Kim et al fibers in muscle layers, lamina and mucosa, reduced expression in nerve fibers in Abnormalities in neuromuscular iunctions
' 13 propria, and muscularis mucosa in external longitudinal muscle layer in IND B, . !
(2010) IND B and oth fintestinal d o oth fintestinal pseud inIND B,
NCAM and of er causes o intestina compare to other causes of intestinal pseudo-
pseudo-obstruction. obstruction.
(CD56) — .
- Absence of expression in muscularis mucosae
Kobayashi et 14 (4 isolated IND B and 10 Expression in nerve fibers and nerve | and/or in circular muscular and/or in longitudinal Changes in neuromuscular junctions in
al. (1996) IND B associated with HD) plexuses in IND B and controls. muscular. IND B.
- Positive expression in nerve plexuses.
11 (2 isolated IND B, 8 IND B
Nogueira et al. assomat.ed Wlthl HDand 1 IND | Expression in nerve trunks in IND B, Increased expression in nerve trunks in IND B. IND B cannot bg attqbuted to changes the
(2011) B associated with HD and controls. neuromuscular junction.
hypoganglionosis)
. Expression of mast cells in IND B . I . .
Kobayashi et . . o o ' Expression of mast cells close to ganglia in IND B Mast cells may be involved in the
Hes al. (1999) S IHDE sl v BD ?ﬁgr;gl:]odnE:O?]rtwrglganghomc S and close to hypertrophied nerve trunks in HD. pathogenesis of HD and IND B.
NO synthase Bosmann et al. 17 Expression in ganglion cells in IND B Increa}se in the number of NO synthase positive Increase in local NO production in IND B.
(2001) and controls. ganglion cells, compared to the control group.
Expression and distribution of nerve " . ' .
f . . Positive expression in nerve fibers in the muscle iff in NS .
Kim et al |bers. WD Iayers_, TAE] . layers and mucosa, without significant differences LieEmes i b= EXpression beMeen
NSE : 13 propria, and muscularis mucosa in ' oY IND B and other causes of intestinal
(2010) N compared other causes of intestinal pseudo- .
IND B and other causes of intestinal ; pseudo-obstruction.
: obstruction.
pseudo-obstruction.
Bosmann et al. . Increase in number of NO synthase positive ganglion . -
(2001) 17 Number of ganglion cells. calls compared to control group. Increase in local NO production in IND B.
Peripherin Density of ganglion cells in Markedly high ganglion cell density in IND B The |dent|ﬂcat!on of g.anghor? ceIIs'and
Szabolcs et al. . . X . . can be useful in the diagnosis of different
3 IND B associated with HD submucosal and myenteric nerve associated with HD compared to HD and control X .
(1996) forms of malformations of the enteric

plexuses.

group.

nervous system.




Appendix 100

Number of neurons in inner and outer

Positive expression in neurons of the inner intestinal
muscle layer, with a significantly higher number of

Geramizadeh 29 muscle layers in IND B, HD and neurons in patients with IND B, compared to HD, but Itcan assist in differentiafing between
etal. (2013) | ith ianificant dif h dtoth IND B and HD.
PGP9 5 controls. without significant differences when compared to the
' control group.
NI 1E, 1 Specific marker of nervous system EOSIetIrV(Ieaii(izrr?:f\llzn I'r;]nerl]ilzi1 rgt:g EZtr\efottg"}ﬁerve WD i o eligliess) LR 1k
(1994) P ystem. CZﬁS P ganglia, P immunohistochemical method.
, Expression in myenteric and - Co
PTEN 0 Dpnnell & 10 submucosal plexuses in IND B, HD S|gn|ﬁcqntly reduced expression in submucosal and IND B may be related to lower PTEN
Puri (2011) myenteric nerve plexuses. expression.
and controls.
?Z%sorq?nn sl 17 Number of ganglion cells. RET-IHQ showed only a few ganglion cells. Not useful in the diagnosis of IND B.
- Expression present in mature and immature
ganglion cells.
RET Expression in ganglion cells, number | bz 0 myentenc pleees siphiizznty e Can be used together with calretinin and
Wang et al. f f IND B than in control group. : if o :
(2016) 37 0 cells and areas of nerve plexuses - Ganglion cell number in the myenteric plexus Bcl-2 in the differential diagnosis between
in IND-B, HD, and controls. o . . . IND B and HD.
significantly higher in IND B than in control group.
- Identification of ectopic myenteric plexuses in IND
B.
?Z%seg?;ann etal. 17 Number of ganglion cells S100 IHQ showed only a few ganglion cells. Not useful in the diagnosis of IND B.
Number of neurons in muscle lavers Expression in neurons of the muscle layers and
Geramizadeh 29 and mventeric plexuses. in IND-)é HD myenteric nerve plexuses, with a significantly higher | It can assist in the differential diagnosis
etal. (2013) y P ’ ’ number of neurons in IND B, compared to HD, but between IND B and HD.
and controls . o . .
S100 without significant differences with control group
Expression and distribution of nerve
Kim et al fibers in muscle layers, lamina propria | Expression in nerve fibers in the muscular layers and | Not useful in the differential diagnosis
(2010) ' 13 and muscularis mucosa in IND B and | mucosa, without significant differences between IND between IND B and other causes of
other causes of intestinal pseudo- B and other causes of intestinal pseudo-obstruction. | intestinal pseudo-obstruction.
obstruction.
2%%”;?”” el 17 Number of ganglion cells Synaptophysin showed only a few ganglion cells. Not useful in the diagnosis of IND B.
. . . Expression in neurons of the muscle layers and
SR Geramizadeh 29 gl#én:qegg{erlfcur?gxsulger:uiﬁcll;\ellga)éer:lD myenteric nerve plexuses, with a significantly higher It can assist in the differential between
etal. (2013) v P ’ ’ number of neurons in IND B, compared to HD, but IND B and HD.

and controls

without significant differences with control group.




Appendix 101

Kobayashi et
al. (1996)

14 (4 isolated IND and 10 IND
B associated with HD)

Expression in synaptic vesicles in the
plexuses and nerve fibers in IND B
and controls

- Absence of expression in the muscularis mucosa
and/or muscularis propria
- Positive expression in nerve plexuses.

Change in neuromuscular junctions in
IND B

Kobayashi et
al. (1997)

5 (3 isolated IND B and 2 IND
B associated with HD)

Expression in synaptic vesicles in
plexuses and nerve fibers in IND B
and HD

Strong expression in myenteric ganglion and
reduction in muscle layers.

The method is applicable in intraoperative
evaluation to assess the distribution of
synapses in myenteric plexuses and
intestinal muscle layers.

Nogueira et al.
(2011)

11 (2 isolated IND B, 8 IND B
associated with HD and 1 IND
B associated with
hypoganglionosis)

Expression in nerve trunks in IND B,
HD and controls

Increased expression in nerve trunks in IND B,
irregularly distributed in the mucosa, muscularis
mucosa, and muscularis propria.

IND B cannot be attributed to changes in
the neuromuscular junction

Yamataka et al.

Expression in myenteric plexuses and

Reduced expression in the muscle layers, but not in

In association with decreased expression
of c-kit, it can demonstrate the role of

(1997) . muscle layers. the myenteric plexuses in IND B Cajal cells in the pathophysiology of IND
B.
Expression and distribution in Expression in muscle fibers from muscular layers and
Kim et al. muscularis mucosa and muscle . . . No differences between IND B and other
(2010) 13 layers in IND B and other causes of muscularis mucosa, W|_thout.d|fferences between. IND causes of intestinal pseudo-obstruction.
SMA (1a4) S . B and other causes of intestinal pseudo-obstruction.
intestinal pseudo-obstruction.
Rolle et al. 16 isolated IND B and 11 IND Expression in submucosa vasculature | Increased filaments around the submucosa vessels Abnormal vasculature may aid in the
(2003) B associated with HD of IND B and controls. compared to control group. diagnosis of IND B.
Number of Sox10 + glial cells and . I . . Anegative c_orrelation betwesn Sox10
Sox10 Liu etal. (2019) | 32 nerve cells of plexuses in IND B, HD High proliferation of glial cells and nerve cells in IHC expression and blood Sox10

and controls.

nerve plexuses in IND B.

methylation, which may be related to IND
B etiopathogenesis.
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