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1   |   INTRODUCTION

Glutaric Acidemia type 1 (GA1) is an autosomal reces-
sive disorder, in which a mutation in the GCDH gene 
disrupts the catalytic activity of glutaryl-CoA, leading to 
buildup of lysine, hydroxylysine, and tryptophan amino 
acids and their intermediates in blood, urine, and tissues, 
especially the brain, causing toxic damage. Intermediate 
products, such as glutaric acid, accumulate in body fluids, 
and symptoms appear. A couple with a consanguineous 
marriage had a son with anorexia, insomnia, subdural 
hygroma, speech and walking impairment, learning dis-
ability, excessive sweating, vomiting, and macrocephaly, 
which finally led to his death at an age of 4 years. Given 
the clinical signs of GA, genetic tests were performed on 
his parents. In the father sample in which GCDH, ETFA, 
ETFB, and ETFDH genes were analyzed using the NGS 
method, a novel mutation, NM_000159.4: c.536T>C; 

(p. Leu179Pro), was found in the GCDH gene in a hetero-
zygous state. In the mother, this mutation was confirmed 
in a heterozygous state by the Sanger method. Although 
the mutation c.536T>C; (p. Leu179Pro) in the GCDH gene 
has not been reported so far, the in-silico analysis and clin-
ical symptoms of the patient indicated that the mutation 
was pathogenic.

A large group of genetic diseases belong to inherited 
metabolic diseases (IMDs), the prevalence of which is es-
timated to be one out of 1,500 people in all kinds of these 
diseases. One of the most important class of this classifi-
cation are organic acidurias (OADs), which are caused by 
defects in intermediary metabolic pathways of carbohy-
drate, amino acid, and fatty acid oxidation. Continuation 
of this process leads to the accumulation of organic acids 
in the tissues and eventually its excretion through the 
urine.1 So far, more than 100 different types of organic 
acids have been found in urine, such as propionic aciduria 
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Abstract
Our findings revealed the mutation c.536T>C (p. Leu179Pro) in GCDH gene al-
though has not been reported so far, but the in-silico analysis and clinical symp-
toms of the patient indicated that the mutation is pathogenic full stop. Also, it can 
be diagnosed and prevented in families affected by the disease.
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(PA), methylmalonic aciduria (MMA), branched chain or-
ganic aciduria, glutaric acidurias (GAs), and multiple car-
boxylase deficiencies.2,3 Glutaric acidurias are a branch of 
the OADs group that includes three different types caused 
by different genetic mutations. Glutaric Acidemia type 
1 (GA1, OMIM # 231670) is an autosomal recessive dis-
order characterized by gliosis, neuronal damage in basal 
ganglia, and progressive movement disorder that usually 
begins in the first year of life. However, the main clinical 
manifestation of GA1 is extrapyramidal movement disor-
der, caused by acute striatal necrosis. Glutaric acidemia 
type 1 is a congenital disorder caused by a mutation in 
the GCDH gene (NM_000159.4), which is located on the 
chromosome 19p13.2 spanning about 7kb and contains 11 
exons.4 The gene product is a polypeptide of 438 amino 
acids, of which 44  N-terminal residues are removed 
after mitochondrial import.2 The defect in the glutaryl-
CoA dehydrogenase enzyme (NP_000150.1), which is 
encoded by this gene, results in the lack of the enzyme 
ability to decompose lysine (Lys), L-hydroxylysine, and 
L-tryptophan (Trp). Continuation of this process leads to 
an increase in the concentrations of glutaric acid (GA), 
3-hydroxy-glutaric acid (3HG), and glutaryl carnitine 
(C5DC) in the tissues and body fluids of patients.2,5 The 
incidence is one case per 110,000 live births.6 Pathogenic 
mutations in the human genome mutation database 
(HGMD; www.hgmd.cf.ac.uk). In this study, we report a 
consanguineous Iranian family in which a novel variant 
of the GCDH gene causes GA1.

2   |   CASE PRESENTATION

A consanguineous couple was referred to the Rasad ge-
netic counseling center (Tehran, Iran) with a familial re-
lationship (Figure  1). In the first pregnancy, they had a 
son with normal weight and normal head circumference 
at birth. By 5 months of age, the infant's health condition 
was satisfactory. The first symptom began at 5 months of 
age with febrile convulsion, and he was hospitalized. The 
second time attack began with lethargy at the age of one 
year, and he was readmitted and treated. He was followed 
up and other symptoms, such as insomnia, subdural hy-
groma, speech, walking and learning impairment, mac-
rocephaly, micropenis, excessive sweating, and vomiting, 
and appeared over time. Moreover, he contracted his arms 
and legs due to dystonia that involved all the muscles of 
the body. The occurrence of attacks lasted until the age 
of 4 years when the child died. Regarding the symptoms 
of GA1 in the patient, it was impossible to perform the 
genetic analysis in the dead affected child. Thus, a genetic 
study of the genes involved in GA1, including GCDH, 
ETFA, ETFB, and ETFDH, was performed on the father's 

sample using the NGS method, and the mutation c.536T> 
C (p. Leu179Pro) was found in the heterozygous GCDH 
gene. This new mutation, located at Exon 7, has not been 
reported until now. Polyphen, SIFT, and the Mutation 
Taster software showed the pathogenicity of this muta-
tion. According to the variant assessments (including the 
type of this variant, population frequency, and bioinfor-
matics analysis) and based on the ACMG guideline, this 
variant can be classified as a likely pathogenic mutation. 
To confirm the mutation and mother's carrier, the Sanger 
method was used by primer sequences as follows F: CGC 
CAC GAG GAT AAT TTT TG and R: ACC GAG CCC ACA 
CTA CAA AC. Following the PCR and Sanger sequenc-
ing, heterozygous state of the mother was confirmed for 
the same mutation (Figure 2).

3   |   DISCUSSION

Glutaric Acidemia type 1 disease has complex heterogene-
ity in phenotype and genotype. Therefore, the symptoms 
of the disease and the age of its occurrence are very varia-
ble. The age of onset varies from the early neonatal period 
till adulthood. Symptoms are severe in some children, and 
in others, it is mild. This may be due to type and site of the 
mutation in the GCDH gene and its effect on the amount 
and function of the enzyme. Patients with mild disease are 
often asymptomatic. Conversely, severe GA1  may cause 
death or disability due to acute encephalopathy, which 
may be precipitated by febrile illness, immunization, or 
surgical intervention.7 Children with Glutaric Acidemia 
type 1 appear almost healthy at birth. In fact, unlike other 
types of the disease, GA1 rarely show specific clinical signs 

F I G U R E  1   Pedigree chart of the family with a child with 
glutaric acidemia type one
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in the neonatal period, Except for macrocephaly, which 
is one of the first signs of the disease in 70% of neonates 
so size of children's heads can be significant for diagnos-
ing the disease.8 Other symptoms usually occur between 
2  months and 4  years. Patients with glutaric acidemia 
type 1  have an episode of metabolic decompensation 
with ketoacidosis, hyperammonemia, and hypoglycemia 
that called metabolic crises. Some of the symptoms of 
metabolic crises include diarrhea, irritability, nausea and 
vomiting, and weakness in the muscles and joints. The 
metabolic crisis can usually be prevented by carnitine sup-
plementation and diet. Other diseases and infections can 
lead to metabolic crises. Other symptoms of the disease 
include brain damage (2–37 months), decreased Growth, 
excessive sweating, dystonic dyskinetic movement dis-
order, tremor, seizure, liver enlargement, frequent fever, 
learning disability and motor delay, rhabdomyolysis with 
increased creatine kinase, subdural hygroma, subdural 
hematoma, retinal hemorrhage, and atrophy of the frontal 
and temporal lobes.9-11 In patients with Glutaric Acidemia 
Type 2 (GAII, OMIM # 231680), mutations in at least 
3  genes namely ETFA, ETFB, and ETFDH genes cause 
three subtypes of GAII namely GAIIA, GAIIB, and GAIIC. 
Glutaric acidemia type II (GA2) caused by a defect in elec-
tron transfer flavoprotein (ETF) or ETF dehydrogenase 
(ETFDH), resulting in deficiencies in multiple acyl-CoA 
dehydrogenases, such as short-, medium-, and long-chain 
acyl-CoA dehydrogenases, as well as isovaleryl-CoA de-
hydrogenase, glutaryl-CoA dehydrogenase, and sarcosine 
dehydrogenase.2 The Biochemical properties of glutaric 
aciduria type I (GA I) due to glutaryl-CoA dehydroge-
nase deficiency is the accumulation of glutaric acid, and 
to a lesser degree of 3-hydroxy-glutaric and glutaconic 
acids.12 ETFA, ETFB and ETFDH genes encode flavo-
protein alpha and beta, and the transferrin fluoroprotein 

dehydrogenase, which interfere with electron transfer in 
the mitochondrial respiratory chain. Lack or inappropri-
ate functioning of each of these enzymes leads to inherited 
disorder in the metabolism of fatty acids, amino acids and 
choline. Although glutaric acid type 2 can be produced 
by three different genes, they are not distinctly pheno-
typic. Generally, Glutaric Acidemia of type 2 is classified 
into 3 classes in terms of clinical symptoms and their oc-
currence, depending on the type of mutation in each of 
these genes. The first group the neonatal form with con-
genital anomalies. The second group the neonatal form 
without congenital anomalies. The third category comes 
with a late start.1 The child has symptoms like kidney 
cysts, hypospadias, cardiomyopathies, metabolic acido-
sis, sweaty feet odor, hypoglycemia without ketosis, and 
Rocker Bottom feet. The distinction between type 1 and 
2 is that in type 2, the deficiency of Acetyl dehydroge-
nase does not only result in high secretion glutaric acid, 
but also increases the secretion of lactic acid, malonic ac-
etate, butyric, isobutritic, 2-methylbutyric and Isovalic.13 
Glutaric aciduria type 3 is Third type of disease. It is an 
autosomal recessive disorder, and its diagnosis is made 
after the exclusion of the other types of the disease. It is 
caused by mutations in the succinylCoA:glutarate-CoA 
transferase gene, which causes deficiency of succinate-
hydroxymethylglutarate CoA transferase, and thus a de-
creased conversion of free glutaric acid to glutaryl-CoA, 
without clinical consequences.1 Several common muta-
tions have been identified so far including A421V in the 
Amish population in Pennsylvania,14 IVS 1 + 5G> T in 
Canadian Indians Oji-Cree,15 E365K in Irish,16 R402W in 
European population,16,17 and IVS10-2A> C in China18 
and Taiwan.19 In 2017, Mosaeilhy et al examined in 
18 patients with type 1  glutaric. In 14 of these patients, 
mutations in the GCDH gene were found, most of these 

F I G U R E  2   Sequencing 
chromatograms of heterozygous change 
T>C in Parents of the affected child with 
glutaric acidemia type one (A) Mother (B) 
Father
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mutations were missense.20 In 2014, Gupta et al studied 17 
patients from 15 unrelated Indian families. They showed 
that exon 8 and 11 are hot spot region of GCHD gene in 
Indian patients.21 In 2020, Marina et al presented the bio-
chemical and molecular genetic characteristics of 51 pa-
tients diagnosed with GA1 from 49 unrelated families in 
Russia. They identified a total of 21 variants, 9 of which 
were novel. The most commonly detected missense vari-
ants were c.1204C>T (p. Arg402Trp) and c.1262C>T (p. 
Ala421Val), which were identified in 56.38% and 11.7% 
of mutated alleles.22 In 2019, Ahmadi Shadmehri et al in-
vestigated clinical and molecular aspects of GA-1 in one 
Iranian patient and showed one novel pathogenic muta-
tion in the GCDH gene: c.1147C > A (p. Arg383Ser). They 
suggested, it may be prevalent among Iranian popula-
tions.23 In 2019, Zayed et al studied 41 Egyptian patients 
with GA1. They identified a total of 25 variants, of which 
the following six novel variants were identified. The 
most common variant, c.*165A>G, was detected in 42 
alleles, and the most commonly detected missense vari-
ant, c.1204C>T (p. Arg402Trp), was identified in 29 mu-
tated alleles in 15/41 (34.2%) of patients.24 The results of 
our study showed that C.536T>C (p. Leu179Pro) muta-
tion in GCDH gene has not been reported so far, but ex-
amination through in-silico software tools was performed 
for novel L179P missense mutation. BayesDel_addAF, 
DANN, DEOGEN2, EIGEN, FATHMM-MKL, LIST-S2, 
M-CAP, MVP, MutationAssessor, MutationTaster were 
used for Assessment and predicted pathogenicity for this 
variant. Versus benign prediction from PrimateAI was 
evaluated. Finally, the prediction software tools and clini-
cal symptoms of the patient indicate that the mutation is 
pathogenic.

GA-I is currently believed to be a curable disorder. To 
treat metabolically, a low-lysine diet is supplemented with 
a lysine-free, tryptophane-lowered, amino acid admix-
ture, supplementing L-carnitine orally, and an escalated 
emergency therapy throughout periods of intermediator 
disorder or surgical interventions. This is a recommenda-
tion from a universal protocol community for entire pa-
tients up to 6 years.

Normal development of children with GA1 is plausible 
if they follow a systematic therapeutic pattern appropri-
ately, but the therapy should start from a quite premature 
age (since the neonatal time prior to appearing symptoms 
and ahead). In the case of failure in prompt and proper 
treatment, GA1 will normally induce severe, irretriev-
able, neurological injury that can lead to the permanent 
defective control of moving voluntary muscles, thereby 
rigorously affecting life and shortening life expectancy, in 
particular, if the injury happens prior to 6 years of age.

The long-run consequence is not yet completely found 
out, neurological disorders or extracerebral manifestation 

(e.g. chronic kidney disease) can appear in adults, and a 
variety of extrastriatal MRI alterations can develop fol-
lowing 6 years of age. Thus, controlling protein by a low-
lysine natural protein level and prevention of lysine-laden 
foods are advised following 6 years of age.

4   |   CONCLUSION

The mutation c.536T>C (p. Leu179Pro) in GCDH gene 
although has not been reported so far, but the in-silico 
analysis and clinical symptoms of the patient indicated 
that the mutation is pathogenic. So the identification of 
GCDH mutations will allow a better characterization (to-
gether with the precise clinical description of the affected 
subjects) of the disease in the next future, aimed at facili-
tating more rapid and accurate diagnosis, and thus also 
early treatment of patients.
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