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CASE REPORT

Novel PRKAG2 variant presenting as liver 
cirrhosis: report of a family with 2 cases 
and review of literature
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Abstract 

Background:  Mutations in the PRKAG2 gene encoding the 5′ Adenosine Monophosphate-Activated Protein Kinase 
(AMPK), specifically in its γ2 regulatory subunit, lead to Glycogen storage disease of heart, fetal congenital disorder 
(PRKAG2 syndrome). These mutations are rare, and their functional roles have not been fully elucidated. PRKAG2 
syndrome is autosomal dominant disorder inherited with full penetrance. It is characterized by the accumulation of 
glycogen in the heart tissue, which is clinically manifested as hypertrophic cardiomyopathy. There is little knowledge 
about the characteristics of this disease. This study reports a genetic defect in an Iranian family with liver problems 
using targeted-gene sequencing.

Case presentation:  A 4-year-old girl presented with short stature, hepatomegaly, and liver cirrhosis. As there was no 
specific diagnosis made based on the laboratory data and liver biopsy results, targeted-gene sequencing (TGS) was 
performed to detect the molecular basis of the disease. It was confirmed that this patient carried a novel heterozy-
gous variant in the PRKAG2 gene. The echocardiography was a normal.

Conclusion:  A novel heterozygous variant c.592A > T (p.Met198Leu) expands the mutational spectrum of the PRKAG2 
gene in this family. Also, liver damage in patients with PRKAG2 syndrome has never been reported, which deserves 
further discussion.
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Background
Glycogen storage disease of heart, lethal congenital 
(PRKAG2 syndrome) is a disorder of glycogen metabo-
lism, essentially heart-specific [1]. It has autosomal 
dominant inheritance with complete penetrance [2]. 
The disease is caused by mutations in the PRKAG2 gene, 
which encodes the non-catalytic subunit γ2 activated by 
the protein kinase AMP. The gene of PRKAG2 has 22 
exons located in the 7q36.1 region. The prevalence of this 
disorder is rare, which is reported as 0.23–1% in patients 

with fatal infantile cardiomyopathy [3]. To the best of our 
knowledge, less than 200 patients with genetically con-
firmed PRKAG2 syndrome have been reported so far [4]. 
Clinical presentation of patients often represents during 
late adolescence and rare manifestations during child-
hood were described [5–7]. Mutation in the PRKAG2 
gene is identified mainly by cardiac symptoms. To date, 
other symptoms such as skeletal muscle involvement, and 
sometimes-enlarged kidneys were reported; however, the 
exact spectrum of signs are not fully elucidated yet [2, 3]. 
In rare, sporadic cases, heart failure and respiratory com-
promise have been reported, which leads to death within 
a few weeks or months after birth [8–10].
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In this study, we investigated the affected case in an Ira-
nian family with a novel heterozygous PRKAG2 mutation 
who presented with liver problems.

Case presentation
A 4-year-old Iranian girl was referred to our center for 
genetic analysis presented with a history of mild hepa-
tomegaly and short stature. She is the second child of a 
non-consanguineous family. She was delivered following 
a normal vaginal delivery after term pregnancy with a 
birth weight of 2.50 kg, and height of 46 cm. No hypogly-
cemia was noted in the perinatal period and the postnatal 
transition.

At the age of one, she was admitted because of hepato-
megaly, diarrhea, and developmental delay. Biochemical 
tests revealed alanine aminotransferase (ALT) 13  IU/L, 
and aspartate aminotransferase (AST) 63  IU/L. Triglyc-
eride was normal (66  mg/dl) with a normal cholesterol 
level (136  mg/dl), but a high level of LDH (1024 U/L). 
Peripheral blood smear showed hypochromic micro-
cytic anemia (hemoglobin of 10.8 g/dl and a hematocrit 
of 34.6%, the mean corpuscular volume of 60.40  fl, and 
low mean corpuscular hemoglobin 18.81 pg) and normal 
platelet count (221,000/µL). Hence, blood gas analysis 
and electrolyte levels were normal, but a low level of CPK 
(18 U/L), was documented as shown in Table 1.

Urine amino acid analysis by chromatography pre-
sented a weak band in cysteine and moderate bond in 
arginine. Lung fluid showed inflammatory cells mostly 
PMNs admixed with respiratory columnar cells and 
squamous cells in the proteinaceous background. No 
fungal elements were identified. Histology of the liver tis-
sue revealed cirrhosis. According to clinical presentation 
and liver biopsy, storage disease was suggested by the 
local pediatrician without genetic analysis, so treatment 
with frequent feeds and cornstarch was initiated.

At the age of 3, Targeted gene sequencing (TGS) with 
a custom-targeted Ion AmpliSeq™ panel was performed. 
The panel included 7219 amplicons covering 450 genes 
associated with Inborn Metabolic Diseases consist-
ing of glycogen storage disorders genes with hepatic 
involvement. Sanger sequencing validated identified 
the variants, using an ABI Prism 3500 Genetic Analyzer 
(Applied Biosystems, Foster City, CA, USA). Analyses 
were done using an Ion Torrent 540 chip (Life Tech-
nologies, Guilford, CT, South San Francisco, CA). The 
human GRCh37/hg 19 was used as the reference. Poly-
phen2, SIFT, and Mutation Taster were used for in silico 
analysis, GERP and Phastcons scores were used to evalu-
ate the conservation of the variants. The population fre-
quency of each variation was evaluated, using data from 
the gnomAD database. ACMG guidelines were used for 
variant interpretation [11]. The sequence variants were 
described according to the Human Genome Variation 
Society Nomenclature [12]. The sequence variant RefSeq 
NM_001040633.1 was used. Interestingly, a novel hete-
rozygous variant c.592A > T (p.Met198Leu) was detected, 
in the exon 1 of the PRKAG2 gene, by TGS and suggested 
PRKAG2 syndrome. Further functional tests are needed.

On admission, the patient’s echocardiogram revealed 
normal heart function with very mild MR, and TR. Tan-
dem mass spectrometry (MS/MS) analysis using urine 
revealed normal results for Glc4.

Past medical family history of the patient revealed 
that proband had a sibling (boy) who expired at the age 
of 15 years old with pulmonary and liver symptoms. Fig-
ure 1 presents the pedigree of the family with 2 affected 
children. The proband’s brother had a heterozygous vari-
ant c.1897C > A (p.Leu633Ile) which was detected in the 
exon 14 of the CFTR gene by WES. Their parents were 
also examined for this mutation. The father of the family 
carried a heterozygous mutation too, but he was always 
healthy with no pulmonary symptoms. The proband’s 
brother also had a liver biopsy, which revealed cirrho-
sis with no known underlying cause. He had undergone 
liver transplantation at the age of 6. At the age of 14, his 
echocardiogram showed mild MR, TR, and severe pul-
monary hypertension. Finally, the proband’s brother died 
at age 15 before mutation analysis for the PRKAG2 gene. 
Proband was normal for mutation on the CFTR gene by 
WES (Fig. 1).

Discussion and conclusions
The present study of an Iranian family identifies, for the 
first time, a novel missense variant of the PRKAG2 gene 
(c.592A > T, p.Met198Leu), which was identified by TGS. 
It has been reported to cause glycogen storage disease of 
the heart, fetal congenital disorder (PRKAG2 syndrome), 
and atypical involvement of the liver.

Table 1  Lab test results of  the  affected member 
in the current family with PRKAG2 syndrome

Analysis Result Reference range

Alanine aminotransferase 13 IU/L Up to 31 IU/L

Aspartate aminotransferase 63 IU/L Up to 31 IU/L

Triglyceride 66 mg/dl 35–135 mg/dl

Cholesterol 136 mg/dl 130–200 mg/dl

LDH 1024 U/L Up to 850 U/L

CpK 18 U/L Female: 24–195 U/L

Hemoglobin 10.8 g/dl 12.1–15.1 g/dl

Hematocrit 34.6% 35.5–44.9%

Mean corpuscular volume 60.04 fl 80–96 fl

Low mean corpuscular hemoglobin 18.81 pg 27–33 pg

Platelet count 221,000/µL 150,000–450,000/µL
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The γ2-regulatory subunit of AMP-activated pro-
tein kinase (AMPK) is an enzyme that regulated the 
amount of ATP, which is essential for metabolic activ-
ity. It is encoded by the PRKAG2 gene [5]. Mutations in 
this protein kinase are related to a wide variety of mani-
festations, including glycogen accumulation, Wolff–Par-
kinson–White syndrome, and conduction disorder [2, 
3, 5]. However, conduction disorder is not always avail-
able in PRKAG2 syndrome, and it may appear in the 
future [13, 14]. Electrocardiographic abnormalities are 
usually in PRKAG2 syndrome, but we did not find it in 
our proband. According to reports, the mechanism of 
impaired glucose metabolism and increased glycogen 
storage in cells caused by PRKAG2 mutations is still 
unclear [15].

To date, about 21 mutations have been demonstrated 
to be associated with PRKAG2 syndrome [16]. Most 
of these mutations are missenses, and the most abun-
dant ones are p.R302Q [16] and p.N488I [17]. Hence, 
the clinical manifestations were different in the fami-
lies carrying the mutations in the PRKAG2 gene. Even 
in the same family, the affected patients did not pre-
sent the same manifestations with similar mutations. 
Cardiac conduction disorder is the main feature of 
affected members, as reported previously. To find and 

carefully evaluate all reported mutations and unusual 
effects on the presentation of PRKG2, we did a litera-
ture search until October 2020. Sporadic cases were 
reported to have enlarged and dysmorphic kidneys and 
chronic kidney disorder, as presented in Table 2 [2, 4]. 
In this study, we presented a family with two children 
both having liver cirrhosis and pulmonary symptoms 
with no cardiac problem. Further research and more 
cases are needed to determine the clinical correlation 
between the presence of a detected novel mutation and 
the adverse outcomes of a patient with PRKAG2 syn-
drome. The integration of biochemical, transcriptional, 
and functional datasets using human induced pluripo-
tent stem cells (iPScs), micro-tissues, and mouse mod-
els allowed us to analyze how mutations produce the 
phenotypes observed in PRKAG2 mutations.

Our case shows that molecular analysis (especially 
using TGS) is an important method to diagnose GSD 
subtypes. Early genetic diagnosis of TGS has many bene-
fits, including time- and cost-effectiveness, correct treat-
ment, accurate recurrence risk recommendations, and 
screening of the patients where appropriate [18]. Unfor-
tunately, we do not have the genetic analysis of parents 
and expired brother to determine whether the expired 
brother had the same mutation or not.

Fig. 1  Genetic analysis identified a novel de novo PRKAG2 mutation. a Family pedigree of the PRKAG2 mutant carrier. Black arrow shows proband 
and slants denote dead individuals. b DNA chromatogram shows a heterozygous A-to-T transition at nucleotide 592 of PRKAG2, predicting a 
substitution of a methionine for isoleucine at residue 198 (p.Met198Lue) of the AMP-activated protein kinase (AMPK) γ-2 subunit (M198L). + 
indicates mutation positive, − indicates mutation negative, and ? indicates no analysis. PRKAG2, RefSeq NM_001040633.1

Table 2  Unusual features of patients with PRKAG2 syndrome

Report Country/year PRKAG2 mutation/SNP Unusual event

Burwinkel et al. [2] US/2005 R531Q Enlarged and dysmorphic 
kidneys, Pulmonary edema

Köttgen et al. [4] US/2010 SNP rs7805747 Chronic kidney disease (CKD)

Current study Iran/2020 Met198Leu Liver cirrhosis
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In conclusion, we are reporting a novel variant of 
PRKAG2 that is associated with PRKAG2 syndrome 
in an Iranian family. Molecular screening for PRKAG2 
mutations may be considered in patients who have liver 
problems. The case highlights the advantage of targeted 
sequencing in diagnosing a patient with PRKAG2 syn-
drome, which may present unusual manifestation.
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