Pediatric Surgery International (2019) 35:439-442
https://doi.org/10.1007/s00383-018-4367-5

ORIGINAL ARTICLE

@ CrossMark

Recurrent ACTG2 gene variation in African degenerative visceral
leiomyopathy

T. Maluleke' - H. Mangray? - M. Arnold? - H. A. Moore' - S. W. Moore'

Accepted: 19 October 2018 / Published online: 15 November 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Introduction Visceral myopathies remain difficult and frustrating clinical entities, a distinctive form of acquired degenerative
visceral myopathy, African degenerative leiomyopathy, a myogenic functional intestinal obstruction without aganglionosis
which affects smooth muscle of the intestine, in young indigenous African children. The Actin G2 gene is the main gene
encoding smooth muscle actin found in enteric tissues. Recent research has identified Actin G2 alpha gene variation as an
important causative biomarker in visceral myopathies and megacystis microcolon. This study of the Actin G2 gene (ACTG2)
in an African population explores a possible molecular basis abnormal muscle function in a visceral myopathy.

Patients and methods Following ethical permission and informed consent, DNA was extracted from whole blood samples
in five patients with histologically proven African degenerative leiomyopathy. PCR amplification of ACTG2 alpha gene
products by semi-automated bi-directional sequencing analysis. Results were analysed using FinchTV Sequence Alignment
Software and predicting bioinformatic investigation by PolyPhen 2 software.

Results Five new patients with the ADL phenotypes were prospectively investigated for variation in the Actin G2 gamma
gene (ACTG2). ACTG?2 gene variation occurred in exon 5 (c.463 A>G K119R), in three (60%). In addition, intronic varia-
tion t> c-IVS3 was identified in three with the K119 mutation plus further g > ¢ -IVS12 and t>c +1VS16(2), suggesting a
possible haplotype. Bioinformatic modelling showed that these ACTG2 gene variations are highly non-conservative altering
protein expression.

Conclusions Recurrent Actin G2 smooth muscle gene variation in African degenerative visceral leiomyopathy is associated
with abnormal muscle actin development.
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Introduction

Visceral myopathies remain difficult and frustrating clinical
entities, creating dilemmas for both gastroenterologist and
Paediatric surgeons. A distinctive form of acquired degen-
erative visceral myopathy, African Degenerative leiomyo-
pathy (ADL, DL, Bantu pseudo-Hirschsprung disease) is a
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distinctive visceral myopathy of uncertain etiology, occur-
ring in young indigenous African children. ADL forms part
of the relatively rare group of complex visceral myopathies
which result in a functional or pseudo-obstruction [1, 2],
remaining difficult to identify and treat. It presents with a
massive megacolon and pseudo-obstruction presumably due
to degeneration of smooth muscle without aganglionosis and
a distorted enteric nervous system due to fibrosis.

ADL has until recently been accepted as being an
acquired condition, resulting from the progressive degenera-
tion of smooth muscle in the intestinal wall (predominantly
colon) [3, 4]. Unlike known familial myopathic causes of
chronic idiopathic intestinal pseudo-obstruction (CIIP) [5],
DL rarely affects other family members although there are
reports of familial recurrence [6, 7]. Outcome is mostly poor,
with the majority of patients being subject to a protracted
debilitating intestinal malfunction, with malnutrition and
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starvation frequently resulting from the deranged motility
which often eventually results in death.

A visceral myopathy involves pathology of intestinal
muscle. Muscles consist of actin and myosin fibres. The
Actin G2 gene (ACTG?2) has been identified as the main
gene encoding actin gamma 2, a smooth muscle actin found
in enteric tissues. Recent research has shown that alpha
smooth muscle actin expression is an important biomarker
and is a possible cause in other visceral myopathies includ-
ing megacystis microcolon [8—13].

This study of the ACTG?2 in patients with visceral myo-
pathy in African population explores a possible molecular
basis for the abnormal muscle function.

Methods

Following ethical permission and informed consent, samples
of DNA, extracted from whole blood samples in five patients
with histologically proven ADL, were subjected to DNA
extraction, followed by PCR amplification of the ACTG2
gene. Semi-automated bi-directional sequencing analy-
sis used FinchTV Sequence Alignment Software (http://
en.biosoft.net) to read chromatogram files.

Bioinformatic modelling

Further bioinformatic in silico modelling utilized the
Clustal W2 multiple sequence alignment program (to confirm
species conservation) as well as Project HOPE (http://www.
cmbi.ru.nl/hope) to model the significance of the nucleic
acid change. The SWISS modelling software determined the
protein structural changes following translation. The Poly-
Phen 2 software (genetics.bwh.harvard.edu/pph2/) was used
to predict the significance of the amino acid change. The
Human Splice Finder (Bioinformatics and Genetics Team,
Aix Marseille Université) was used to predict the signifi-
cance of the intronic variants.

Ethical permission

This research project has been approved by the research
committee at Stellenbosch University (C019/2001) and
was conducted according to the accepted ethical codes and
guidelines, as outlined in the declaration of Helsinki.

Results

Five new patients with clinically and histologically con-
firmed ADL from the South African population were pro-
spectively investigated for Actin G2 alpha gene variations.
In all patients, the diagnosis of ADL was confirmed on full
thickness rectal biopsy, which showed characteristic fea-
tures of ADL. The bowel was thin walled and very dilated.
Microscopy showed smooth muscle degeneration and necro-
sis with replacement fibrosis of muscular layers and dis-
placement of ganglion cells; there was a mild increase in
numbers and thickness of nerve fibres. There was also mild
inflammatory changes and medial fibrosis of small muscular
arteries. Immunohistochemical studies were within normal
limits.

DNA results

The results of ACTG2 gene analysis are documented in
Table 1.

Genetic variation K119R was identified in exon 5 (c.463
A>G KI119R), of the ACTG2 gene in three of the five
patients (60%). In addition, a t>c-IVS3 intronic variation
in exon 5 was identified in the same three patients. A fur-
ther g>c-IVS12 intronic variation was identified in exon
3 (one with and one without the exon 5 mutation) and a
t>c+1VS16 intronic variation was identified in exon 7 in
two patients who also showed the exon 5 mutation.

Bioinformatic modelling showed that the residue replace-
ments in the variant (Lys to Glu) is highly non-conserva-
tive and variation can alter interactions within the protein
conformation.

Table 1 Table of genetic variation in the ACTG?2 alpha gene in patients with ADL

Sample no.  Intron Exon3  Intron 3 Exon4  Exon5 Exon 6  Intron 6 Exon7 Exon8 Exon9
ADLO1 WT t>c-IVS3  WT c463 A>GKII9E WT WT WT WT
ADLO2 g>c-IVS12  WT WT WT WT WT WT WT
ADLO3 g>c-IVS12 WT WT WT WT WT WT WT
ADLO4 g>c-IVS12  WT t>c-IVS3  WT c463 A>GKII9E WT t>c+IVS16  WT WT WT
ADLO5 WT t>c-IVS3  WT c463 A>GKII9E WT t>c+IVS16  WT WT WT
WT wild type
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Discussion

Degenerative leiomyopathy (DL) appears to be a region-
specific condition, mostly affecting young Africans of
Southern, Central and East Africa [14, 15], although
patients from other ethnic groups have also been identified.
However, all appear to relate to Africa [15] and include
patients from Central and North Africa as well as patients
of African origin living overseas.

The term “African degenerative leiomyopathy (ADL)”
is, therefore, probably a valid scientific description to
distinguish it from other visceral myopathies [15]. Clini-
cally, ADL is characterized by a long history of increasing
abdominal distension due to intestinal pseudo-obstruction
and it begins as a visceral myopathy, initially targeting the
distal large bowel, with the megacolon usually extending
to the anorectal junction. The progression of the disease
is clearly based on the degeneration of intestinal smooth
muscle, which in turn results in poor intestinal motility.
This is then associated with progressive abdominal disten-
sion, megacolon and marked gaseous distention and may
result in acute presentations.

Because of the delayed onset, with the clinical symp-
toms beginning after a number of years (mean age at pres-
entation being + 9.5 years [3]), it is generally accepted
that the disease is acquired rather than being congenital in
origin. Reports of familial cases and other genetic associa-
tions [6, 7] suggest that both genetic and/or environmental
factors contribute to disease pathophysiology.

Because ACTG2 gene has been identified in patients
with megacystis microcolon and other visceral myopathies
[8—13] an important role for contractile proteins in smooth
muscle disease has been suggested [11]. It has long been
established that smooth muscle layers of the gastro-intes-
tinal tract consist of two organized layers of circularly or
longitudinally oriented muscle bundles. These muscles are
made up of fibres of actin and myosin. The specialized
binding of actin and myosin results in cross-bridge for-
mation and cycling, resulting in force generation within
smooth muscles. It is important to note that the anatomy of
these layers differs in smooth muscle from the sarcomeres
of skeletal muscle in that the actin fibres are laid down as
a network over the myosin in smooth muscle. This struc-
ture allows the unique gastrointestinal motility patterns
to occur.

Although these patterns of contractile activity in gastro-
intestinal muscles are determined by inputs from a number
of motor neurons, they do not depend wholly upon nerve
signaling but rely on spontaneous electrical activity from
intrinsic pacemaker activity emanating from interstitial
cells of Cajal as well as the ability of the smooth muscle
fibres to respond to these stimuli. Motility disorders can,

therefore, result from developmental failures and processes
that compromise function of gastrointestinal muscle.

The Actin gamma 2 protein is a smooth muscle actin
found in enteric tissues encoded by the ACTG2 gene. Recent
research has indicated that deficiencies in the ACTG2 gene
play a role in the complex changes in smooth muscle-specific
protein expression in a variety of conditions. Dysfunctional
states such as visceral myopathies have been related to varia-
tions within the ACTG2 gene [8-10].

Our study links, for the first time, ADL to a spectrum of
intestinal smooth muscle conditions through significant vari-
ations within the ACTG2 gene which encodes 2 enteric actin
in the intestinal smooth muscle. The recurrence of the ¢ 463
A>G K119R mutation in exon 5 in 60% of patients appears
significant both from bioinformatics modelling, where it is
predicted on SIFT scoring (0.00.) with a median sequence
conservation score of 3.15 to affect protein function. This
variation has also been reported in one of 11 patients with
MMIHS subjected to whole exome screening [11]. The further
heterozygous noncoding variant observed on exon 3, did not
appear to have any effect on the splice site,

From this study, there appears to be sufficient evidence to
regard the exon 5 of the ACTG2 gene as an important target
area in the pathophysiology of ADL and potentially other vis-
ceral myopathies.

The case for the significance of exon 5 variation is strength-
ened by the t>c-IVS3 intronic variation in exon 5 in three
patients with the K119R mutation.

The additional, a g>c-IVS12 intronic variation occurs on
the intronic region before exon 3 and occurs in a heterozygous
manner with base substitution from g to c. This variant appears
to lie on the exonic splice site and creates a splice silencer,
which inhibits the splicing of introns prior to m-RNA transla-
tion. The additional t>c+1VS16 variation in intron 7 is of
unknown significance. However, it is worth noting that the
intron 7 patients also had the exon 5 K119R mutation and this
may relate to a modifying haplotype.

Conclusions

The actin smooth muscle gene (ACTG2) showed variation in
60% of samples and is the first gene associated with abnor-
mal functioning muscle in patients with African degenerative
leiomyopathy.
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