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Gastroparesis (GP), defined as delayed gastric emptying in the absence of any mechanical obstruction, is a challenging clinical
condition, mainly because of limited treatment options. Studies in animal models of delayed gastric emptying as well as pa-
tients with gastroparesis revealed depletion or ultrastructural changes of interstitial cells of Cajal (ICC) in the gastric tissue, re-
cently termed ICC-opathy. ICC are the pacemakers of the gastrointestinal tract and are involved in the transmission of the neu-
ronal signaling to the smooth muscles. Therefore, lack of ICC could be one explanation of delayed gastric emptying in gastro-
paretic patients. How frequently ICC changes are observed in gastroparesis is not yet clear. In this review, the data on gastric

ICC counts and morphology in animal models and patients with gastroparesis are discussed.
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Introduction

Gastroparesis (GP), affecting up to 10 million individuals in
the United States (US), is a relatively common gastrointestinal
(GI) motility disorder and is defined as delayed gastric emptying
without any mechanical obstruction. GP presents with upper GI
symptoms such as nausea, vomiting, early satiety, postprandial
fullness, bloating, and abdominal pain. The etiology of GP in the
majority of cases are idiopathic (IP-GP), while many others are
diabetic (DNI—GP).1 Based on the limited number of community
or population studies, the age adjusted prevalence of IP-GP is

37.8 and 9.6 in 100 000 women and men, respectively.” The aver-
age cumulative incidence of GP during a 10 year period was
5.2% in type 1 DM, 1% in type 2 DM, and 0.2% in the controls.”
Another study in a more representative population indicated a
higher prevalence for DM-GP, estimating that approximately
165 000 patients with type 1 DM (14% of US patients with type
1 DM) and 2.1 million patients with type 2 DM (9.4%) were ac-
tually seeking treatment for their GP symptoms.4

Patients with GP suffer from nutritional deficiencies and
metabolic consequences as well as impaired social activities and
quality of life. Hospitalizations due to GP increased by 2.4 fold in
the US between 1995 and 2004. Moreover, work absenteeism,
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high unemployment rate and lower household income are var-
iably associated with GP.” Treatment of GP is based on alleviat-
ing symptoms, enhancing gastric emptying, correcting nutri-
tional abnormalities and targeting the underlying causes, al-
though it is usually challenging and often suboptimal." There-
fore, finding new drug and device targets for the treatment of this
chronic disorder is a research priority in the field of GI motility
disorders.

Identifying disease biomarkers may help us in developing
better strategies for the diagnosis and management of the gastro-
paretic patients. These biomarkers could provide a rationale for
an individualized approach which could be linked to the treat-
ment outcome and prognosis in these patients. A potential bio-
marker in this area is the interstitial cells of Cajal (ICC).

ICC are mesenchymal cells acting as the pacemakers for the
generation of slow waves in the GI tract (Fig. 1). Their electrical
activity defines the frequency of the rhythmic contraction. ICC
are involved in GI motor activities, as conduits for muscular in-
nervation and are possibly transmitters of sensory innervation in
the GI tract. ICC are distributed throughout the GI tract from
the esophagus to the internal anal sphincter and within different
layers specifically submucosal (ICC-SM), myenteric plexus
(ICC-MP), intramuscular (ICC-IM), and ICC deep muscular
plexus (ICC-DMP). Two major distributions of ICC which de-
termine gastric motility are: (1) ICC-IM and (2) ICC-MP.”"’

Both ICC count and morphology are important in gastric
electrophysiology and as a biomarker for GI motility disorders.
ICC express C-Kit, a receptor tyrosine kinase, which is necessary

for the development and maintenance of ICC phenotype. There-

ICC and Gastroparesis

fore, the population and morphology of ICC can be studied by ICC
markers including C-Kit (Fig.1) and anoctamin-1 (AN 01"

Loss of ICC, identified by the loss of C-Kit or ANO1 im-
munostaining, has been recognized in different GI disorders
such as slow transit constipation'” and inflammatory bowel dis-
ease,”"* and there is a relatively substantial and growing body of
literature on the loss or altered morphology of ICC in GP."™"*

In order to understand the role of ICC in the pathophysiol-
ogy of GP, it is crucial to know the normal distribution and pop-
ulation as well as the structure of these cells in the stomach.
Therefore, the aim of this systematic review was to explore re-
search articles on the distribution, population and morphology of
ICC in the pathogenesis of GP.

Methodology

To identify clinical and basic studies on ICC in GP or animal
models of GP, PubMed was systematically searched in February
2015 with the search terms shown in Table 1.

In total, 453 studies were retrieved for the evaluation. The ar-
ticles were examined through reviewing their titles and abstracts.
Full-text of the relevant abstracts and their list of references were
fully evaluated. Studies which compared the population of ICC
in the gastric tissue of gastroparetic patients or animal models of
delayed gastric emptying compared to controls were included and
reviewed. In addition to this, we examined studies on the struc-
ture (or ultrastructure) of ICC in GP. Studies which were not in

English were excluded.

Myenteric plexus -

Smooth muscle -

Excitatory motor neuron

Inhibitory motor neuron

Figure 1. Interstitial cells of Cajal (ICC) are the pacemakers for the generation of slow waves in the gastrointestinal tract. Enteric nervous system

innervates both ICC and smooth muscle cells (SMC), and ICC are also conduits for muscular innervation.
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Table 1. Search Strategy in PubMed for Interstitial Cell of Cajal and Gastroparesis

Search terms

Items found

([Interstitial cells of Cajal] OR [Cajal interstitial cells] OR [Interstitial cell of Cajal] OR [Cajal interstitial cell]) AND 453

([stomach] OR [gastric] OR [gastroparesis] OR [gastric emptying])

(stomach) OR (gastric) OR (gastroparesis) OR (gastric emptying) 331693
(Interstitial cells of Cajal) OR (Cajal interstitial cells) OR (Interstitial cell of Cajal) OR (Cajal interstitial cell) 1857
gastric emptying 12728
gastroparesis 2065
gastric 331175
stomach 234837
Cajal interstitial cell 1
Interstitial cell of Cajal 82
Cajal interstitial cells 1827
Interstitial cells of Cajal 1827

Results

Gastroparesis and Interstitial Cells of Cajal
in Animal Models

Animal models of delayed gastric emptying have been used
for the assessment of the role of ICC in the pathophysiology of
GP. Neuronal nitric oxide synthase-deficient (nNOS ) mice
and diabetic animals (eg, Streptozotocin treated rats, nonobese
diabetic [NOD] mice, and ob/ob mouse model of obesity) are

9-22 .
22 The results observed in

well-known animal models of GP.
ICC deficient mice or rats were contradictory. They have been
used both as a model of duodenogastric reflux based on the pres-
ence of a hypotensive pyloric sphincter, as well as delayed gastric
emptying mimicking GP."*’

Ultrastructural changes of ICC as well as ICC depletion
have been observed in diabetic animal models. Two recent studies
by Chen et al”**’ showed that diabetes induced by streptozotocin
in rats delays gastric emptying, decreases contractions of the an-
tral strips, and decreases ICC-IM, ICC-MP, and ICC-SM
counts in the antrum. In addition, the long processes of ICC-IM
were impaired and C-Kit positive cells had incomplete mem-
branes, fractured and shorten processes, slender cell bodies, swol-
len mitochondria, disrupted cristaed and condensed chromatin.
Moreover, significant apoptosis was observed in ICC-IM, ICC-
MP, and ICC-SM.”** The restoration of ICC counts as well as
their morphology after electroacupuncture may explain the ef-
fects of this treatment strategy on gastric emptying in this animal
model.**** Mogami et al”® also showed ICC depletion in the

whole stomach and more prominently in the antrum, 8 weeks af-

ter injecting streptozotocin to rats. In another study ICC were de-
pleted in the proximal part of the stomach in diabetic rats.”’ Similar
to changes observed with electroacupuncture,”” mRNA ex-
pression of KIT in the stomach tissue was increased after treatment

with Curcumin, the main active component of the spice turmeric.”’

Wang et al” reported that the density of ICC-IM and
ICC-SM was reduced by 46.4% and 26.7%, respectively in the
antrum of streptozotocin induced diabetic rats. In addition, Long
et al”” showed depleted antral ICC and ultrastructural changes
such as decreased number of gap junctions of ICC in the antrum
and damaged ICC organelles of the diabetic rats. The mouse
model of streptozotocin induced diabetes also presents with gas-
tric ICC depletion.”

The NOD mice present with reduced motor neurotrans-
mission, delayed gastric emptying, and impaired electrical
pace-making. ICC are greatly reduced in their antrum, and the
normal associations between these cells and enteric nerves are
affected.”’

In genetically ICC depleted (Ws/Ws) rats, ICC loss is not al-
ways directly translated to delayed gastric emptying. Zhang and
colleagues™ showed that gastric emptying is delayed and ICC-IM
are depleted in the antrum of Ws/Ws rats, suggesting a possible
correlation between ICC count and gastric motor function, while
some other studies reported pyloric incompetency and bile reflux
in this same animal model.'**"

As discussed above, most of the animal studies have shown
correlation between ICC especially in the antrum with GP, but
studies on the pyloric ICC are scarce and controversial. Wang et
al™ showed that ICC-MP is naturally depleted in the pylorus of
mouse and rat and the slow waves are lost in this region. On the

other hand, based on a study by Seki and Komuro,” ICC are
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Table 2. Gastric Interstitial Cells of Cajal Count in the Animal Models of Gastroparesis

Study Animal model Gastric region 1CC population

Chen etal (2013)***  Diabetic Rat (Streptozotocin) ~ Antrum ICC-IM ( | ), ICC-MP (| )and ICC-SM ( )

Mogami et al (2013)26 Diabetic Rat (Streptozotocin) Whole stomach, antrum and body ICC-IM ( ) ), ICC-MP (—) and ICC-SM ( ! )

Jin etal (2013)” Diabetic Rat (Streptozotocin) Proximal Stomach ICC (1)

Wu et al (2013)" Diabetic Mouse (Streptozotocin) Antrum and body ICC-IM (| ), ICC-MP ({)

Zhang etal (2011)”  Ws/Ws Rat Antrum ICC-IM ({ ), ICC-MP (—)

Wang et al (2009)®  Diabetic Rat (Streptozotocin) Antrum ICC-IM ({ ), ICC-MP (—) and ICC-SM ({ )
Fundus ICC (™)

Long et al (2004)” Diabetic Rat (Streptozotocin) Antrum ICC ( ! )

Mitsui (2003)** Ws/Ws Rat Antrum ICC-IM (not observed), ICC-MP ( | ) and

ICC-SM ()
Ordsg (2000)* NOD mouse Antrum ICC-IM ( | ), ICC-MP ({)

ICC, interstitial cells of Cajal; ICC-IM, intramuscular ICC; ICC-MP, ICC in myenteric plexus; ICC-SM, submucosal ICC; Ws/Ws rat, ICC depleted rat; NOD,

nonobese diabetic; =, no change; |, decreased.

densely distributed throughout the cardia, fundus, and the squ-
amous epithelial portion of the corpus as well as the pylorus of
mice.

Available data on the ICC count in the diabetic and genetical

animal models of GP are summarized in Table 2.

Gastroparesis and Interstitial Cells of Cajal
in Human

Interstitial cells of Cajal in the gastric body

Depletion of ICC in the gastric body has been shown in dif-
ferent studies. For example, O'Grady et al” showed substantial
ICC loss in the gastric body circular muscle of 9 gastroparetic pa-
tients (6 DM-GP and 3 IP-GP) compared to controls. In another
study, the Gastroparesis Clinical Research Consortium (GpCRC)
which consists of a network of 8 medical centers and one data co-
ordinating center collaborating to perform research on GP, as-
sessed full-thickness gastric body biopsies from 20 patients with
ID-GP and 20 patients with DM-GP who were undergoing sur-
gery for the placement of a gastric stimulator as well as 20
controls. ICC populations were significantly decreased in both
diabetic and idiopathic gastroparetic groups compared to the con-
trols, with no difference in ICC loss between diabetic and idio-
pathic GP.'°

In a further clinical investigation by the GpCRC, the ICC
population was lower in the gastric body of diabetic and idio-
pathic patients but the depleted ICC count correlated with the
rate of gastric emptying of an isotope labeled meal in only the dia-
betic gastroparetic subgroup. There were no differences between

the individual symptoms including nausea, vomiting and bloat-

ing as well as the GP cardinal symptom index score (GCSI)
based on either low or normal gastric body ICC counts."”

Mazzone et al’” also showed fewer ICC in the gastric body
smooth muscle in patients with diabetic GP compared to controls
based on both C-Kit and ANO! staining.

In a case report, 2 patients with DM-GP, one with well con-
trolled diabetes and the other one with poorly controlled diabetes,
ICC counts were compared. Interestingly, the well-controlled pa-
tient had a normal ICC count; however, ICC-IM were depleted
in the gastric body of the poorly controlled patient. Both patients
were severely symptomatic. The conclusion was the severity of
GP could not be predicted by the status of the ICC population in
these 2 patients."’ Another case report, also showed loss of ICC
network in the fundus, body and antrum of a severe ID-GP
pa‘tient.38

Ultrastructural changes such as wrinkling of the nucleus,
karyorrhexis, pyknosis, and heterochromatin as well as decreased
cytoplasmic volume, diffuse swelling of the cytoplasm, and dilata-
tion of the endoplasmic reticulum have also been described in the
gastric ICC of diabetic patients compared to controls.”” In gastro-
paretic patients where the ICC count may not be different com-
pared to the controls, the ultrastructure of ICC in the gastric
body might be abnormal. Indeed, apoptotic features and defects
in the connection between ICC and nerve endings, smooth mus-
cle and other ICC are observed in GP. These changes are more
prominent in IP-GP compared to DM-GP."

Interstitial cells of Cajal in the gastric antrum

Iwasaki et al*' showed depletion of ICC, nNOS and sub-

stance P in the antrum of diabetic patients.
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In another study, full-thickness antral biopsies in 28 patients
(14 diabetic and 14 idiopathic) with refractory GP undergoing
surgical laparotomy for the placement of a gastric electric stim-
ulator were compared to 8 controls who were undergoing gastric
resection for other reasons. A significant reduction in the number
of ICC in the myenteric plexus in both diabetic and idiopathic
gastroparetic patients compared to controls was observed, al-
though there was no significant difference in the number of ICC
in the outer longitudinal and inner circular muscle layers."”

Our group studied 41 adult patients with refractory GP (34
diabetic, § idiopathic, and 2 postsurgical) who were referred for
gastric electrical stimulation (GES) and 10 control patients who
underwent gastric resection or gastrectomy for reasons other than
GP. Full-thickness antral biopsies were stained for C-Kit and the
number of ICC were analyzed. The number of ICC was depleted
in 15 patients (37%) and was normal in 26 patients (63%). No
difference was found between the baseline symptom severities in
ICC normal versus ICC depleted group. However, electro-
gastrography showed that patients with depleted ICC had sig-
nificantly less numbers of normal slow waves and more tachygas-
tria compared to those with adequate ICC population. ICC count
did not significantly correlate with etiology, age, gender, symp-
tom severity of GP and gastric emptying. However, severely de-
pleted ICC was associated with a poorer symptomatic response to
GES."

Most recently, a study in 26 gastroparetic patients who were
referred for the insertion of a gastric electric stimulator (18 dia-
betic and 8 idiopathic) showed antral ICC depletion in 11 pa-
tients (42%), and a trend toward decreased gastric emptying of an
isotope labeled solid meal in patients with lower ICC population
(P < 0.07)."

Studies on human gastric ICC counts and GP are summar-

1zed in Table 3.

Interstitial cells of Cajal in the gastric pylorus

Studies on the pyloric ICC in GP are sparse. A recent pre-
liminary study showed that ICC are depleted in the pyloric
smooth muscles of 61% of both DM-GP and ID-GP patients
who required a GES."

Discussion and Conclusion

The animal studies consistently demonstrate that ICC are de-
pleted in diabetic gastroparetic models. On the other hand, data
on animals with genetically depleted ICC are contradictory in
that ICC loss does not always accompany delayed gastric
emptying. Interestingly, it appears that ICC loss and abnormal
morphology may be reversed by treatment in animals.

In the human literature, although the quality and the quantity
of the studies concerning the role of ICC in the pathogenesis of
GP may vary; gastric ICC are depleted in up to 50% of patients
with either ID-GP or DM-GP.

More specifically, in the human gastric body, decreased ICC
population as well as ultrastructural changes of ICC have been
observed and there was correlation between depleted ICC pop-
ulation and gastric emptying in diabetics.

In the antrum which is the site of major gastric contractility
and trituration of food, there were correlations between the clin-
ical findings and the ICC population (Fig. 2).

Another entity which should be discussed here is gastro-
paresis-like syndrome. A recent article on gastroparesis-like syn-

drome indicated that this syndrome is associated with both deple-

Table 3. Gastric Interstitial Cells of Cajal Count in Gastroparetic Patients Versus Controls

Study Type of Study Type of Gastroparesis Gastric region ICC population
O'Grady G et al (2012)* Case-Control IP-GP and DM-GP Body ICC ()
Grover etal (2011, 2012) Case-Control IP-GP and DM-GP Body ICC( )
Mazzone et al (201 1)37 Case-Control DM-GP Body ICC( J )
Pasricha et al (2008)" Case Report DM-GP Body ICC( ) ) in a case with
uncontrolled diabetes
Battaglia et al (2006)™° Case Report IP-GP Fundus, body and antrum ICC ( ) )
Zérate et al (2003)" Case Report IP-GP Body, antrum, and pylorus ICC (1)
Harberson et al (2010)17 Case-Control IP-GP and DM-GP Antrum ICC (1)
Linetal (2010)18 Case-Control IP-GP and DM-GP Antrum ICC (1)
Iwasaki et al (2006)" Case-Control DM-GP Antrum ICC ( J )
Forster et al (2005)" Case-Control IP-GP and DM-GP Antrum ICC ()

ICC, interstitial cells of Cajal; DM-GP, diabetic gastroparesis; IP-GP, idiopathic gastroparesis; | , decreased.
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Normal ICC (average 16/HPF)

ICC and Gastroparesis

Decreased ICC (average 8/HPF)

Figure 2. Antral muscularis propria immunostained with C-Kit primary antibody in a non-gastroparetic (A) and a gastroparetic patient (B). The

images were taken at 160 magnification of formalin preserved full-thickness 1 cm” surgically obtained gastric biopsies. Interstitial cells of Cajal (ICC)
are spindle-shaped brown elements on the image. (A) Normal numbers of ICC which is 20 * 10 (mean = 2SD) cells per high powered field (HPF).

(B) Depleted numbers of ICC (less than 10 cells/HPF).

tion and mild ultrastructural abnormalities of the ICC in the
stomach.** The hypothesis that gastroparesis like syndrome is a
part of a spectrum of the same condition as GP needs to be ad-
dressed in future studies.*

Whether ICC can be used as the predictor of therapeutic re-
sponse in GP is not yet clear. Future studies should address
which ICC subtypes are the key players in the development of
GP as well as the mechanisms whereby ICC are affected. Maybe,
larger animals would be more helpful in differentiating and
studying ICC counts and morphology based on different gastric
segments. In addition, animal models should emphasize the ef-
fect of gender in the development of GP, since 80% of gastro-
paretic patients are females. Future animal studies should also in-
clude drug induced GP as a model (ie, Is the medication toxic to
the ICC?) vs post-viral GP and the progressive injury model of
diabetes.

Whether ultrastructural and functional changes of ICC are
more important than ICC count needs further investigation.
Moreover, future studies should address whether ICC loss is an
absolute finding, or is an indicative of a more generalized neuro-
pathic process. Another important observation is whether
ICC-opathy is a cause, a consequence or an epiphenomenon ac-
companying GP.

The current literature for the analysis of ICC is limited to pa-
tients with severe symptoms who underwent surgery (eg, insertion
of electrical stimulation or J-tube). It is not clear whether ICC

counts and ultrastructure are also changed in patients with mild
or moderate GP since in these patients gastric full thickness biop-
sies have not been studied. Moreover, the importance of pyloric
ICC in the development of GP needs more of focus in future
multi-center studies with adequate sample size.

Future research in humans will benefit by a recent break-
through in obtaining nonsurgical gastric biopsies through percu-
taneous endoscopically assisted transenteric full-thickness gastric
biopsy,* or antral muscularis propria biopsies utilizing endo-
scopic ultrasound guidance.”’ This ability to have nonsurgical ac-
cess to smooth muscles will facilitate better understanding of ICC
in different clinical settings including their role in the develop-
ment of GP and as the predictors of response to medical
therapies. For now, the body of evidence we have summarized

supports an overall role for ICC in the pathophysiology of GP.
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