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Visceral myopathy diagnosed by a de novo ACTG2 mutation in a
patient with chronic intestinal pseudo-obstruction—a case report
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Abstract: Visceral myopathy is a rare genetic disorder that commonly affects the digestive and renal
systems. Manifestations include a clinical spectrum covering chronic intestinal pseudo-obstruction (CIPO)
and megacystis-microcolon-intestinal hypoperistalsis syndrome (MMIHS). The smooth muscle actin y-2
gene (ACTG?2) is one of the most common disease-causing genes. Here, we present a case of pediatric
intestinal pseudo-obstruction associated with a novel missense ACTG2 mutation, ¢.588G>C/p.E196D.
His parents had no this mutation, which suggested the possibility of spontaneous mutation. Amino acid
conservation analysis of y-2 actin showed replacement of glutamate at position 196 by aspartate. The patient
suffered from recurrent episodes of abdominal bloating, undergone repeated gastrointestinal surgery,
had feeding difficulties, and required long-term parenteral nutrition support. The patient had no other
specific symptoms or underlying diseases. X-ray of the abdomen showed dilation of the intestine as well
as an air-fluid pattern. The manifestations of biopsy were various. All biochemical tests were normal, and
the possibility of secondary intestinal pseudo-obstruction was excluded. The mutation site of ACTG2 in
the present study has not been previously described in patients with visceral myopathy, and thus, our study
reveals a novel mutation of ACTG2-associated visceral myopathy in a patient with CIPO. This report

can serve as a reference for future research and further expands the map of genetic variation for visceral

myopathy.
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Introduction

Visceral myopathy is a rare disease with an estimated global
incidence rate of 0.21/10,000 in males and 0.24/10,000
in females (1-3). It has diverse clinical manifestations,
which mainly include intestinal pseudo-obstruction
(IPO) manifested as intestinal peristaltic dysfunction,
and megacystis-microcolon-intestinal hypoperistalsis
syndrome (MMIHS) manifested as an enlarged fetal
bladder (megacystis), intestinal peristaltic dysfunction, and
microcolon (1). The prognosis of the disease is poor, and
in severe cases, long-term parenteral nutrition support,
a long-term indwelling urethral catheter, and intestinal
transplantation may be required. Most patients do not

© Translational Pediatrics. All rights reserved.

survive for a long time, often due to death from severe
infection, severe malnutrition, and multiple organ failure
(3-5). Visceral myopathy is a polygenic disease, with both
autosomal dominant and recessive inheritance (4-6). The
smooth muscle actin y-2 gene (ACTG2) is an autosomal
dominant gene that is most commonly associated with the
pathogenesis of visceral myopathy. Mutation of ACTG2
mainly causes peristaltic dysfunction and hypotonia
(decreased muscle tone) of the digestive and renal systems.
ACTG2 encodes y-2 actin, an enteric actin protein of
376 amino acids, with arginine being the most frequently
mutated amino acid (1,4). Mutations of other amino acids
are relatively rare or unreported. In this report, we present
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Figure 1 Abdominal ultrasound showed intestinal dilation,

intestinal fluid accumulation, and mild ascites.

the case of a patient with pediatric intestinal pseudo-
obstruction associated with a novel missense ACTG2
mutation. This report of the mutation site could provide a
reference for future research and further expands the map
of genetic variation for visceral myopathy.

We present the following case in accordance with the
CARE reporting checklist (available at http://dx.doi.
org/10.21037/tp-20-316).

Case presentation

The patient was a boy aged 5 years and 9 months and
weighing 19 kg. Disease onset occurred at around 3
years of age and manifested as recurrent episodes of
abdominal bloating, intermittent diarrhea, and occasional
nausea and vomiting. The patient had no other specific
symptoms or underlying diseases. All biochemical tests
were normal, and the possibility of secondary intestinal
pseudo-obstruction was excluded. He had no any family
history of mitochondrial disease, neurological disease,
or similar problems. Abdominal ultrasound showed
intestinal dilation, intestinal fluid accumulation, and
mild ascites (Figure 1). X-ray of the abdomen showed
dilation of the intestine as well as an air-fluid pattern,
suggesting intestinal obstruction (Figure 2). Laparotomy
revealed expansion of the small intestine and colon, poor
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Figure 2 X-ray of the abdomen (supine and lateral position)

showed dilation of the intestine and an air-fluid pattern.

intestinal wall tension, thin wall and absence of mechanical
intestinal obstruction. Colonoscopy showed dilation of the
colon (Figure 3). Esophagogastroduodenoscopy (EGD)
showed no abnormality, and renal ultrasound detected
no abnormality in the structure and function of the
kidney, ureter, and bladder. Zymography results for the
muscle were normal, and neurophysiological examination
showed no abnormality. The patient had experienced
frequent abdominal pain during the previous year, had
been repeatedly hospitalized, and had undergone the
following procedures: multiple laparotomy, appendectomy
due to gangrenous appendicitis, end ileostomy, duodenal
mucosal biopsy, colonic biopsy, and rectal mucosal biopsy.
Recurrent episodes of abdominal bloating, vomiting,
and feeding difficulties persisted even after these surgical
treatments. The patient required long-term parenteral
nutrition support.

Pathologic findings: images from the pathological
examinations of tissue biopsies are shown in Figure 4. The
ganglion cells of the transverse and ascending colonic
mucosa were not well developed, and the ganglion cells in
the mucosa of the sigmoid colon were reduced in number
and not well developed. No reduction, degeneration,
or abnormal arrangement of smooth muscle cells was
observed in the inner and outer muscle layers of the colon,
and no fibrotic changes were seen in the colon. The
glands of the ileal mucosa were significantly reduced, and
inflammatory cell infiltration was observed in the ileal
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Figure 3 Colonoscopy showed dilation of the colon and weak peristalsis.

Figure 4 Representative light microscopy images from pathological examinations of biopsy samples (immunohistochemical staining). (A)
Layers of colon (200x): poorly developed ganglion cells, no fibrotic changes, and no abnormality of the smooth muscle cells. (B) Ileal mucosa
(100x): glands were reduced, inflammatory cell infiltration was observed, and ganglion cells were well developed. (C) Duodenal mucosa (200x):
chronic inflammation was observed. (D) Rectal mucosa (100x): ganglion cells were well developed.
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mucosa. The ganglion cells of the ileal mucosa were well
developed. Chronic inflammation was seen in the duodenal
mucosa. The ganglion cells in the rectal mucosa were well
developed. Unfortunately, due to conditional restriction,
pathological examinations using electron microscopy and
y-2 actin detection in muscle cells were not performed for
this case.

Molecular findings: Whole exome sequencing (WES)
showed a missense mutation in chromosome 2, exon 6 of the
ACTG2 (c.588G>C/p.E196D) (Tuble 1). According to the
genomic analysis of family data, neither the father nor the
mother had this mutation, which suggested the possibility of
spontaneous mutation. Amino acid conservation analysis of
y-2 actin showed replacement of glutamate at position 196
by aspartate (Figure 5). Analysis of the three-dimensional
model of the protein encoded by the mutated ACTG?2
showed structural and conformational changes (Figure 6),
resulting in abnormal protein function and dysfunction
of smooth muscle contraction. Therefore, based on the
clinical manifestations, genetic mutation, protein alteration,
and elimination of other secondary factors, the diagnosis of

Table 1 Information of ACTG2 mutation

Variable Information

Chromosome location chr2-74140748

Gene ACTG2
Transcript NM_001615
Exon exon6
Nucleotide change c.588G>C
Amino acid change p.E196D

ACTG2, actin y-2 gene.

Consensus: i
m

visceral myopathy was clear.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from his parents.

Discussion

Visceral myopathy is a genetic disease with various clinical
manifestations, such as lesions of the digestive and renal
system. Most patients have normal intellect, while a few
cases may also have vascular lesions such as aortic dissection
(2,4,7-10). It was reported that the disease can occur
from the fetal stage to adulthood (most commonly during
childhood) and can be seen in family cases with mild or
no symptoms (2,4-6,9,11). It is also necessary to exclude
secondary factors such as diabetes and mixed connective
tissue disease that cause IPO (6,9,11). In the early stage of
the disease, symptoms such as feeding intolerance, vomiting,
constipation, and abdominal bloating can occur. Other
conditions such as enlarged fetal bladder, hydronephrosis,
ureteral dilation, and bile dust cysts can also develop. The
disease may involve multiple subtypes such as IPO and
MMIHS (1,4).

Visceral myopathy is mainly characterized by
dysfunction of smooth muscle contraction, resulting
in impaired peristalsis and hypotonia in organs such as
the gastrointestinal tract and bladder. Smooth muscle
dysfunction is caused by mutations in ACTG2, MYHI1,
MYLK, and LMODI, among which ACTG2, an autosomal
dominant gene (while the others are mostly recessive genes)
is the most common disease-causing gene, accounting for

about 40-70% of cases (2,4,7,12). ACTG2 encodes one of
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Figure 5 Amino acid conservation analysis showed replacement of glutamate at position 196 by aspartate (red arrows).
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Figure 6 Analysis of the three-dimensional protein models showed
structural and conformational changes in the mutated protein (red

arrows).

the six actin isoforms and is commonly expressed in the
gastrointestinal tract and renal system. Thus, mutation
of ACTG?2 often causes alteration in the structure or
conformation of actin, resulting in dysfunction of smooth
muscle contraction, impaired peristalsis, and hypotonia
of corresponding organs, leading to IPO and an enlarged
bladder (13-16). In this study, genetic analysis and three-
dimensional protein structure determination for the patient
revealed an ACTG2 mutation (c.588G>C/ p.E196D) that
led to structural or conformational change of actin, which
is consistent with literature reports of the effects of other
mutations in ACTG2. In addition, both endoscopy and
surgical examination suggested dilation of the intestine,
poor intestinal wall tension. The patient showed clinical
manifestations of recurrent IPO and did not have any
secondary factors that could result in IPO. Thus, the patient
was correctly diagnosed with ACTG2-associated visceral
myopathy. Genomic analysis of family data showed that
the patient’s parents did not have a mutation in the genetic
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locus. Given that the ¢.588G>C/p.E196D mutation has
not been reported in the literature, we concluded that this
is a novel mutation. The Human Gene Mutation Database
had no relevant report on this locus, and similarly, the
ClinVar database had no pathogenicity analysis of this locus.
Therefore, the present study is the first to report on this site
mutation that causes visceral myopathy.

To date, most reports on ACTG2-associated visceral
myopathy are either case reports or familial reports. The
majority of ACTG2 mutations are single-point mutations
(missense mutations), with only one report describing
ACTG?2 tandem base substitutions (c.806-807.CG/
AA.p.G269E) in a case which presented with IPO, an
enlarged bladder, weak uterine contractions, and biliary tract
lesions (9). There is currently no report on the deletion and
replication of ACTG2 or its fragment. Arginine is the most
reported amino acid variant, with 73.3% of the mutations
occurring at p.R178* and p.R257* (1,17). The ACTG2
missense mutation (¢.588G>C/ p.E196D) in the present
case has not been reported previously. There is, however,
one report on visceral myopathy in a case of recurrent [IPO
in an infant with a missense mutation of the adjacent gene
locus (c.584C>T/p. T1951) (10). The similarity in clinical
manifestations with an adjacent mutation site may possibly
support the diagnosis of visceral myopathy caused by the
mutation presented in this study.

Gene mutations often lead to muscle- and cell-related
pathological changes. Studies have reported that the muscle
pathology of visceral myopathy shows intestinal muscular
thinning, atrophy or fibrosis, decreased expression of
intracellular y-2 actin, reduced numbers of smooth muscle
cells that appear degenerated or disorganized (4,6,9,15).
Electron microscopy shows vacuolar degeneration or
abnormal protein aggregation and granule formation in
smooth muscle cells (4,8,9,15). However, there are also
reports in the literature that showed no abnormality in the
muscular layer, smooth muscle cells, and y-2 actin in cases
of ACTG2-associated visceral myopathy (9,14). In this study,
absence of fibrosis and abnormal changes in smooth muscle
cells were also observed on muscle biopsy under light
microscopy. This difference in the pathological results may
be due to a difference in the degree of disease progression
or the difference in detection methods employed. It is
also possible that significant changes in tissue morphology
have not yet occurred at the early stage of the disease.
The internal structural changes of smooth muscle cells
are still unclear, as electron microscopy of smooth muscle
cells was not performed in this study. However, the results
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of endoscopy and surgical examination showed intestinal
dilation, a thin intestinal wall, while neurophysiological
examination was normal, suggesting non-neurogenic
dysfunction of the intestinal smooth muscle contraction.
Although the results of intestinal mucosal biopsy for most
patients are normal, the test is non-specific and non-
diagnostic. On the other hand, the results of mucosal
biopsy in our patient were similar to some reported in the
literature, with changes in ganglion cells (15,18). It was also
reported that patients with Hirschsprung disease (absence of
ganglion cells) had mutations in the ACTG2 gene, resulting
in recurrent IPO even after surgery (13). It is still unclear
whether visceral myopathy is associated with changes in
ganglion cells and whether these changes are primary or
secondary. Therefore, further research is needed to examine
the relationship of visceral myopathy with ganglion cells.

Currently, there is no specific treatment for visceral
myopathy, and based on our experience in treating this
patient, the disease requires multidisciplinary management,
long-term parenteral nutrition support, and repeated
gastrointestinal surgery. Even so, the disease still has a
poor prognosis. Studies have reported that multiple-
organ transplantation, such as transplantation of stomach,
intestine, liver, and pancreas, can improve survival (5,16).
However, due to complications after transplantation, the
overall quality of life is poor.

In conclusion, visceral myopathy is a rare disease with
polygenic inheritance that mainly manifests as IPO.
Patients with visceral myopathy mainly receive symptomatic
treatment, and the prognosis is also poor. In the present
study, a novel ACTG2 mutation associated with visceral
myopathy was discovered, which further expands the map
of genetic variation for visceral myopathy.
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