
1 23

Pediatric Nephrology
Journal of the International Pediatric
Nephrology Association
 
ISSN 0931-041X
Volume 29
Number 6
 
Pediatr Nephrol (2014) 29:961-969
DOI 10.1007/s00467-013-2482-z

Primary coenzyme Q10 (CoQ10) deficiencies
and related nephropathies

Fatih Ozaltin



1 23

Your article is protected by copyright and all

rights are held exclusively by IPNA. This e-

offprint is for personal use only and shall not

be self-archived in electronic repositories. If

you wish to self-archive your article, please

use the accepted manuscript version for

posting on your own website. You may

further deposit the accepted manuscript

version in any repository, provided it is only

made publicly available 12 months after

official publication or later and provided

acknowledgement is given to the original

source of publication and a link is inserted

to the published article on Springer's

website. The link must be accompanied by

the following text: "The final publication is

available at link.springer.com”.



REVIEW

Primary coenzyme Q10 (CoQ10) deficiencies and related
nephropathies

Fatih Ozaltin

Received: 29 November 2012 /Revised: 27 March 2013 /Accepted: 27 March 2013 /Published online: 5 June 2013
# IPNA 2013

Abstract Oxidative phosphorylation (OXPHOS) is a met-
abolic pathway that uses energy released by the oxidation of
nutrients to generate adenosine triphosphate (ATP). Coen-
zyme Q10 (CoQ10), also known as ubiquinone, plays an
essential role in the human body not only by generating
ATP in the mitochondrial respiratory chain but also by
providing protection from reactive oxygen species (ROS)
and functioning in the activation of many mitochondrial
dehydrogenases and enzymes required in pyrimidine nucle-
oside biosynthesis. The presentations of primary CoQ10

deficiencies caused by genetic mutations are very heteroge-
neous. The phenotypes related to energy depletion or ROS
production may depend on the content of CoQ10 in the cell,
which is determined by the severity of the mutation. Primary
CoQ10 deficiency is unique among mitochondrial disorders
because early supplementation with CoQ10 can prevent the
onset of neurological and renal manifestations. In this review I
summarize primary CoQ10 deficiencies caused by various
genetic abnormalities, emphasizing its nephropathic form.
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Mitochondria and oxidative phosphorylation

Mitochondria are membrane-enclosed organelles found in
most eukaryotic cells [1]. They are referred to as the power

plant of the cell as they generate most of the cell’s adenosine
triphosphate (ATP) requirement. However, in addition to
supplying cellular energy, mitochondria are also involved
in modulating other cellular functions, such as signaling,
control of the cell cycle and cell growth, cellular differenti-
ation, apoptosis, and heat production [2]. Oxidative phos-
phorylation (OXPHOS) is a metabolic pathway that uses the
energy released through the oxidation of nutrients to gener-
ate ATP. In eukaryotic cells, OXPHOS is a main function of
mitochondria where ATP is synthesized through the oxygen-
consuming mitochondrial respiratory chain, which provides
a readily utilizable energy source to most organs and tissues;
this system is functional even before birth. Therefore, any
defect in the OXPHOS process can cause a broad spectrum
of symptoms that may involve multiple organs or tissues at
developmental stages ranging from birth to adulthood. The
inheritance pattern is variable given the fact that enzymes
functional in the OXPHOS pathway are encoded by both
nuclear and mitochondrial DNA. Mitochondrial OXPHOS
deficiencies represent one of the major causes of metabolic
disorders, with an estimated prevalence of 1/8500 births [3].

A series of redox reactions take place during the OXPHOS
that occurs between the inner and outer membranes (i.e.
intermembrane space) of the mitochondria. In redox reactions,
electrons are transferred from electron donors to electron
acceptors, such as oxygen, releasing energy that is used to
generate ATP. In eukaryotes, these redox reactions are carried
out by the mitochondrial respiratory chain, which is composed
of five protein complexes embedded in the inner mitochon-
drial membrane (i.e., complexes I–V) (Fig. 1). These protein
complexes have two major functions: (1) to transfer electrons
from reduced nicotinamide adenine dinucleotide (NADH) and
flavin adenine dinucleotide (FADH2) to oxygen molecules
and (2) to form ATP. The first function is accomplished by
complexes I through IV and results in the generation of the
electrochemical gradient across the inner mitochondrial mem-
brane that allows the second task to be accomplished by
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complex V, or ATP synthase, to form ATP from adenosine
diphosphate (ADP) and inorganic phosphorus (Fig. 1).
Briefly, complex I [NADH–coenzyme Q (CoQ) reductase],
which is composed of more than 40 different proteins, is
responsible for carrying reducing equivalents from NADH
to coenzyme Q10 (CoQ10, ubiquinone). Complex II (suc-
cinate–CoQ reductase), which consists of four protein
molecules, including the FAD-dependent succinate dehy-
drogenase and iron–sulfur proteins, is responsible for car-
rying electrons from FADH2 to CoQ. Complex III
(reduced CoQ–cytochrome c reductase), which contains
11 subunits, carries electrons from CoQ to cytochrome c.
Complex IV (cytochrome c oxidase, COX), the terminal
oxidase of the respiratory chain, catalyzes the transfer of
electrons from cytochrome c to molecular oxygen. It is
composed of two cytochromes (a and a3), two copper
atoms, and 14 different protein subunits [reviewed in 4–9].

Within the mitochondrial respiratory chain, CoQ10 plays
an essential role in shuttling electrons from complexes I and
II to complex III and from electron-transferring-flavoprotein
dehydrogenase to complex III (Fig. 1) [10]. However, the
functions of CoQ10 are not restricted to bioenergetics. It is
also one of the most potent lipophilic antioxidants [11] and

is a cofactor for several mitochondrial dehydrogenases and
pyrimidine nucleoside biosynthesis. During OXPHOS, a
small number of oxygen molecules (approx. 0.2 %) are not
reduced to water and these lead to the formation of a group
of reactive oxygen species (ROS) that can be converted into
highly reactive hydroxyl radicals (OH•), which in turn cause
oxidative damage to DNA, protein, and lipids [5, 6]. Under
normal conditions, ROS are efficiently scavenged by the
human body’s powerful antioxidant systems, such as super-
oxide dismutase, catalase, and glutathione peroxidase, but
CoQ10 and other antioxidant substances, such as vitamin C
and vitamin E, also play an important role in this protective
system in the human body [10]. It has been suggested that the
accumulation of these free radicals may play a crucial role in
the pathophysiology of many mitochondrial diseases [12].

CoQ10 has also been implicated in the inhibition of
apoptosis by its prevention of inner mitochondrial mem-
brane collapse [13] as it is a modulator of the mitochondrial
permeability transition pore (MPTP) that acts as a gating
channel for apoptosis [14]. Indeed, experiments in human
fibroblasts and HEK293 cells have revealed that CoQ10 in-
hibits Bax-induced mitochondrial dysfunction and protects
mitochondria from permeability transition pore opening

Fig. 1 Schematic representation of the mitochondrial respiratory chain
and endogenous coenzyme Q (CoQ10) synthesis pathway. See text for a
more detailed description of the five protein complexes (I–V) of the

mitochondrial respiratory chain embedded in the inner mitochondrial
membrane of the Reprinted from Rahman et al. [53], with the pub-
lisher’s permission
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[15]. It has recently been confirmed that COQ6mutations that
cause CoQ10 deficiency lead to the upregulation of
proapoptotic factors [16]. Increased amounts of ROS caused
by CoQ10 deficiency can also induce the MPTP through the
opening of nonspecific high-conductance permeability transi-
tion pores in the mitochondrial inner membrane [17].

CoQ10, a lipophilic vitamin-like substance, was first isolated
from beef mitochondria in 1957 and comprises a quinone
group and a polyisoprenoid tail that varies in length depending
on the species; for example, yeast has six subunits (CoQ6),
mice have nine subunits (CoQ9), and humans have ten subunits
(CoQ10). CoQ10 is ubiquitously present in the human body and

is endogenously synthesized through a multienzyme complex
located at the inner mitochondrial membrane [18]. CoQ10 has a
complex biosynthetic pathway, and several genes are involved
in encoding the enzymes involved in its biosynthesis (Table 1).
Primary CoQ10 deficiency is generally characterized by differ-
ent combinations of clinical symptoms involving the central
nervous system (CNS), skeletal muscle, and peripheral nerves
and is genetically and clinically heterogeneous. To date, seven
genes have been linked to certain clinical phenotypes (Table 1).
In many cases, however, the underlying genetic defects have
remained unidentified, indicating that additional genes are in-
volved in the pathogenesis. This entity is unique among

Table 1 Genes implicated in the biosynthesis of human coenzyme Q and those that have already been linked to a particular disease phenotype
according to the OMIM databasea

Gene/
locus

Phenotype/
alternative
title symbols

Gene/locus
MIM
numbera

Chromosomal
positionb

Protein Major clinical observations Phenotype
MIM number/
referencea

PDSS1 COQ10D2 607429 10p12.1 Decaprenyl diphosphate
synthase subunit 1

Deafness, optic atrophy, mitral
valvulopathy, peripheral neuropathy
bulimia, obesity, livedo reticularis

614651 [44]

PDSS2 COQ10D3 610564 6q21 Decaprenyl diphosphate
synthase subunit 2

MMR, seizure, nephrotic syndrome,
cortical blindness

614652 [41]

COQ2 COQ10D1 609825 4q21.23 4-Hydroxybenzoate
polyprenyltransferase

SRNS, hypotonia, optic atrophy,
seizure, MMR, liver failure, IDDM,
pancytopenia

607426 [37, 43]

COQ3 6q16.2 Hexaprenyldihydroxybenzoate
methyltransferase

N/A

COQ4 COQ10D1 612898 9q34.11 Ubiquinone biosynthesis
protein COQ4 homolog

VSD, hypotonia, MMR, dysmorphic
features (epicanthal folds, broad
nose, coarse facial features,
syndactyly)

607426 [55]

COQ5 12q24.31 2-Methoxy-6-polyprenyl-1,
4-benzoquinol methylase

N/A

COQ6 COQ10D6 614647 14q24.3 Ubiquinone biosynthesis
monooxygenase COQ6

SRNS, deafness, seizure, ataxia, facial
dysmorphism

614650 [16]

COQ7 16p12.3 Ubiquinone biosynthesis
protein COQ7 homolog

N/A

COQ8
(ADCK3;
CABC1)

COQ10D4;
SCAR9

606980 1q42.13 Chaperone, BC1 activity of
bc1 complex homolog (aarF
domain-containing protein
kinase 3-ADKC3)

Childhood-onset cerebellar ataxia,
muscle weakness, seizure, mild
mental retardation

612016 [22,
26–35]

COQ9 COQ10D5 612837 16q21 Ubiquinone biosynthesis
protein COQ9

MMR, seizure, increased peripheral
and decreased truncal tone, renal
tubulopathy, left ventricular
hypertrophy with hypokinesia

614654 [40, 42]

COQ10A 12q13.3 Coenzyme Q-binding protein
COQ10 homolog A

N/A

COQ10B 2q33.1 Coenzyme Q-binding protein
COQ10 homolog B

N/A

ADCK1 14q24.3 Uncharacterized aarF domain-
containing protein kinase 1

N/A

ADCK2 7q34 Uncharacterized aarF domain-
containing protein kinase 2

N/A

ADCK4 19q13.2 Uncharacterized aarF domain-
containing protein kinase 4

N/A

ADCK5 8q24.3 Uncharacterized aarF domain-
containing protein kinase 5

N/A

MIM, Mendelian inheritance in man; CoQ, coenzyme Q; COQ10D, coenzyme Q10 deficiency; SCAR9, spinocerebellar ataxia-9; ESKD, end-stage
kidney disease; IDDM, insulin-dependent diabetes mellitus; MMR, motor and mental retardation; SRNS, steroid-resistant nephrotic syndrome;
VSD, ventricular septal defect; N/A, not available
a Available at:http://www.ncbi.nlm.nih.gov/omim
bAccording to the UCSC hg19 database
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mitochondrial cytopathies, which are generally believed to be
unresponsive to any treatment. Therefore, early diagnosis and
CoQ10 supplementation are crucial to prevent sustained organ
damage. In this review, my primary aim is to summarize the
clinical and genetic characteristics of primary CoQ10 deficien-
cies caused by mutations in specific genes.

Primary CoQ10 deficiencies

Primary CoQ10 deficiencies are generally characterized by
different combinations of CNS, skeletal muscle, and periph-
eral nerve clinical symptoms. Renal involvement dominates in
particular subtypes. CoQ10 deficiency in humans is associated
with clinically heterogeneous diseases and some overlaps may
occur. Five major phenotypes have been described: (1)
encephalomyopathy [19–21]; (2) cerebellar ataxia [22–35];
(3) infantile multisystemic form [16, 36–44]; (4) nephropathy
[16, 37–44]; (5) isolated myopathy [45–48]. Emmanuele et al.
[49] recently reported clinical features of 39 new patients with
CoQ10 deficiency and reviewed previously reported patients
in the literature, with an overall study cohort of 149 patients.
These authors found that onset was predominantly in child-
hood (82% of patients were <13 years of age), including 23%
in infancy (aged <12 months). Onset during adolescence (7 %
were 13–18 years of age) and adulthood (11%were >18 years)
was uncommon. The overall mortality rate was low (8 %) and
was mainly seen in the infantile multisystemic (53 %) and
renal forms [49].

Notably, early diagnosis is crucial in primary CoQ10

deficiencies as oral supplementation with CoQ10 has been
shown to improve clinical symptoms. Three main pheno-
types have been described. The first phenotype, the so-
called coenzyme Q10 deficiency, primary, 4 (COQ10D4,
MIM #612016), also known as autosomal recessive
spinocerebellar ataxia-9 (SCAR9), is characterized by recur-
rent myoglobinuria and CNS involvement with seizures,
ataxia, or mental retardation and is caused by homozygous
or compound heterozygous mutations in ADCK3 (CABC1,
MIM #606980) encoding the yeast homolog of COQ8 [22,
28]. The second phenotype presents with cerebellar ataxia
and atrophy variably associated with peripheral neuropathy,
seizures, mental retardation, muscle weakness, and
hypogonadism. The third phenotype manifests as an infan-
tile encephalomyopathy with renal involvement, the so-
called coenzyme Q10 deficiency, primary, 1 (COQ10D1,
MIM #607426), which will be the focus of this review.

COQ nephropathies

The first link between CoQ10 and renal disease was
established in 2000 when three siblings were diagnosed with

a complex clinical syndrome characterized by progressive
encephalopathy and steroid-resistant nephrotic syndrome
(SRNS) [43]. It has been proposed to collectively designate
all CoQ10 deficiencies related to proteinuria and progressive
renal disease as “COQ nephropathies.” Such nephropathies
are associated with mutations in the COQ2, COQ6, COQ9,
and PDSS2 genes.

COQ2 nephropathy

In 2000, Rötig et al. reported a family in which three affected
siblings had CoQ10 deficiency in multiple tissues, in whom
multiple organ systems were affected in addition to skeletal
muscle and the CNS [43]. Two siblings, a boy and a girl,
developed end-stage kidney disease and required transplantation
at age 8 and 9 years, respectively. The boy also had progressive
ataxia, generalized amyotrophy, retinitis pigmentosa, bilateral
sensorineural deafness (SND), and hypertrophic cardiomyopa-
thy, and his older sister also had SND, nystagmus, ataxia, and
mild mental retardation. The third sibling, an older sister, had a
more severe course with symptoms similar to those of her
brother and died at the age of 8 years after rapid neurological
deterioration. Biochemical analysis revealed CoQ10 deficiency
in lymphocytes and fibroblasts, and direct measurements
detected no CoQ10 in the fibroblasts. The two surviving children
were treated with oral CoQ10 (5 mg/kg daily), which resulted in
a substantial improvement of their neurological condition over a
3-year period, drawing attention for the first time to the fact that
primary CoQ10 deficiencies may respond to oral CoQ10 supple-
mentation [43]. Two other siblings with similar clinical features
were reported in 2005 [50]. The proband presented with hypo-
tonia, mild psychomotor delay, optic atrophy, and proteinuria
associated with biopsy-proven focal and segmental
glomerulosclerosis at 12 months of age. At age 18 months, the
child developed frequent vomiting, and peritoneal dialysis was
initiated. Psychomotor regression, namely, loss of the ability to
walk or stand unassisted, tremor, and new-onset status
epilepticus with focal electroencephalogram-proven abnormali-
ties predominantly in the left occipital region became apparent.
Brain magnetic resonance imaging (MRI) showed cerebellar
atrophy, mild diffuse cerebral atrophy, and stroke-like lesions
in the left cingulate cortex and subcortical area. Blood and
cerebrospinal fluid (CSF) lactate levels were normal. At age
22 months, he developed right hemiplegia, myoclonus, and
swallowing difficulties. A muscle biopsy revealed myofibers
with excessive succinate dehydrogenase staining but no
ragged-red fibers or cytochrome c oxidase deficiency. After
the initiation of CoQ10 supplementation, the neurological
manifestations of the child improved dramatically. A homo-
zygous mutation was identified in COQ2 encoding para-
hydroxybenzoate polyprenyl transferase, which is the first
molecular cause identified in primary CoQ10 deficiencies
[37]. Following this first report, two other unrelated patients
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with early-onset glomerulopathy [38] and a pair of siblings
with fatal neonatal multisystemic disease, including nephrotic
disease, were identified [44]. In the former study, Diomedi-
Camassei et al. [38] reported a 18-month-old boy who rapidly
developed severe SRNS associated with biopsy-proven col-
lapsing glomerulopathy [38]. Six weeks after manifestation of
the initial symptoms, the patient underwent unilateral ne-
phrectomy due to uncontrolled anasarca, and peritoneal dial-
ysis had to be commenced. Neither neuromuscular
involvement nor lactate elevation was noted. His neurological
examination remained completely normal with CoQ10

(30 mg/kg/day) supplementation for 8 months of follow-up.
The second patient reported by these authors [38] was a 6-
month-old boy born to distantly related healthy parents. Preg-
nancy was complicated by oligohydramnios at the end of
gestation, and oliguria and hypertension developed on the
fifth day of life. A renal biopsy performed on the tenth day
of life showed severe crescentic glomerulonephritis. Steroid
therapy was unsuccessful, and peritoneal dialysis was initiated
at 3 weeks of age. At age 3 months, drug-resistant seizures
progressing to status epilepticus developed, and he died at the
age of 6 months. MRI spectroscopy revealed that the patient’s
urine and CSF lactate levels were abnormally elevated. His
older sister had died of acute respiratory distress and metabol-
ic acidosis at 18 h of life. In this report, glomerular lesions
were heterogeneous however abnormal mitochondrial prolif-
eration in visceral epithelial cells was a common and unique
finding [38]. In the latter study, Mollet et al. [44] described
two siblings with the same presentation (i.e. neurological
symptoms, liver failure, nephrotic syndrome anemia, pancy-
topenia, insulin dependent diabetes mellitus, and seizures).
Hyperlactatemia and high lactate/pyruvate molar ratios and
early death were reported in the newborn period [44]. Various
mutations (i.e., homozygous and compound heterozygous
missense and frameshift mutations) have been found in
COQ2 in all of the patients described to date.

It is acknowledged that, in contrast to the improvement in
neurological symptoms after oral CoQ10 supplementation,
these initial reports did not show any benefit on renal lesions
because the patients already had advanced kidney disease.
However, a subsequent study proved the significant benefit
of CoQ10 supplementation. When treatment was started
immediately after onset of renal symptoms in a girl with a
mutation in COQ2, a significant reduction of proteinuria
with normal renal function was observed [39].

COQ6 nephropathy

Autosomal recessive mutations in COQ6 have recently been
identified in 11 individuals from five families [16]. This gene
encodes monooxygenase-6 that is required for the biosynthesis
of endogenous CoQ10 and which is thought to catalyze one or
more ring hydroxylation steps. The main clinical presentation

of this nephropathy in these individuals was severe infantile
onset progressive SRNS resulting in end-stage renal failure and
SND. Remarkably, nine of the 11 patients had SND. The
patients presentedwith proteinuria at a median age of 1.2 (range
0.2–6.4) years and progressed to end-stage renal failure at a
median age of 1.7 (range 0.4–9.3) years. Five children died in
early childhood (median age 5.0 years). One patient presented
with seizures, and the other had white matter abnormalities and
seizures and died of multiorgan failure in sepsis; two other
individuals had ataxia and facial dysmorphism. Renal biopsy
showed focal and segmental glomerulosclerosis in seven pa-
tients and diffuse mesangial sclerosis in one. Three patients
showed variable, but favorable response to oral CoQ treatment
[16]. Two patients are still being followed up at our institution.
Of these, the youngest child of a Turkish consanguineous
family was diagnosed by mutation screening in COQ6 at
2 months of age while he was clinically asymptomatic when a
COQ6mutation was detected in his older sister and cousin. The
patient presented with proteinuria without edema. Renal func-
tions were normal. The urine protein/creatinine ratio was
40 mg/mg initially (normal <0.2 mg/mg). Treatment was com-
menced at 2 months of age and consisted of orally administered
CoQ10 15 mg/kg/day divided in three daily doses over a 2-
month period together with enalapril (1.25 mg/day orally).
CoQ10 treatment was then increased to 30 mg/kg/day, and the
urine protein/creatinine ratio decreased to 8 mg/mg within
2 months. Proteinuria decreased further to 5.8 mg/mg and had
remained stable at 4.8 mg/mg at the time of this report. He is
now 4.5 years old. His most recent urine protein/creatinine ratio
was 0.55 mg/mg with normal serum albumin level (4.2 g/dl).
Renal function has remained normal throughout (latest serum
creatinine 0.21 mg/dl). However, bilateral severe SND requir-
ing cochlear implant and severe growth retardation were noted
since 10 months of age. His sister was diagnosed with SRNS at
age of 3 months reaching end-stage renal failure at 4 months of
age. When a mutation in COQ6 was identified, CoQ10 treat-
ment was commenced immediately. After treatment with 50mg
CoQ10 orally twice daily, the SND substantially improved. The
cousin of these two siblings was diagnosed with SRNS at
3 months of age, reached end-stage renal failure at 4 months
of age, and died due to drug-resistant seizures. This patient
never received CoQ10 supplementation due to the lack of
genetic diagnosis at the time of presentation.

The other Turkish individual reported in the same study
presented with nephrotic syndrome at age 2.5 years. CoQ10

treatment was administered at 5.5 years of age, when the
patient was in partial remission from cyclosporin A (CsA)
treatment, which was discontinued at 5.8 years of age. At
the beginning of the CoQ10 treatment, 24-h protein excretion
was 7 mg/m2/h (117 mg/day); 2 months into treatment, it had
decreased to 3.7 mg/m2/h (76 mg/day), and remission had been
maintained at the time of writing this review. Hearing did not
improve after CoQ10 supplementation. When the CoQ10
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treatment was inadvertently interrupted, proteinuria reappeared
at a level of 57 mg/m2/h (1,100 mg/day). However, following
reinstitution of CoQ10 therapy, proteinuria decreased again to
9 mg/m2/h (188 mg/day). In this patient CsA therapy might
also have been beneficial. CsA is known to inhibit the MPTP
through interaction with cyclophilin D, an essential component
of the MPTP [51]. In addition, it has been elegantly shown that
COQ6 mutations that cause CoQ10 deficiency lead to the
upregulation of proapoptotic factors and that incubation of
COQ6 knockdown podocytes with CsA has a mild rescue
effect and decreases caspase-3 activity [16].

COQ9 nephropathy

In 2001, Rahman et al. [40] reported a boy who presented with
poor feeding, unresponsiveness to his immediate environ-
ment, weak crying, hypothermia, and seizures on his first
day of life. This was the seventh child of healthy unrelated
Pakistani parents. There was a possible history of reduced
fetal movements in the last trimester. Physical examination
showed generalized increased peripheral tone with decreased
truncal tone. Lactic acidosis, renal tubulopathy characterized
by 60 % of tubular phosphate reabsorption while its reference
range was >85 %, and mild left ventricular hypertrophy with
global hypokinesia were also noted. MRI of the brain revealed
generalized cerebral and cerebellar atrophy and abnormal
parenchyma.Muscle biopsy performed at the age of 10months
showed type IIB fiber atrophy and lipid accumulation, severe
biochemical defect of complexes II+III, and normal activities
of individual complexes II and III, all consistent with CoQ10

deficiency. Despite CoQ10 supplementation, drug-resistant
seizures and dystonia developed and the patient died after an
intercurrent chest infection at the age of 2 years. The family
history was remarkable for another older sibling who had died
of seizures, aminoaciduria, and lactic acidosis on the first day
of life without a diagnosis. The remaining five older siblings
were reported to be healthy. The mother had previously had
five first-trimester miscarriages [40]. Eight years later, Duncan
et al. explained the underlying genetic defect in this family via
identifying a homozygous nonsense mutation in COQ9 [42].

PDSS2 nephropathy

López et al. [41] described a male infant who presented with
neonatal pneumonia and hypotonia. At age 3 months, he de-
veloped drug-resistant seizures and became floppy. Feeding
difficulties due to exhaustion and severe episodic vomiting
prompted duodenal tube feeding at age 7 months. He rapidly
developed widespread edema associated with nephrotic syn-
drome. Serum lactate was markedly elevated. Cortical blind-
ness was also diagnosed. Brain MRI showed changes in the
basal ganglia consistent with Leigh syndrome. Muscle biopsy
and fibroblasts showed primary coenzyme Q10 deficiency. Oral

therapy with CoQ10 supplementation did not lead to clinical
improvement, and the patient died at age 8 months [41].

Diagnosis

The first step in a patient with suspicious primary CoQ10

deficiency should include measurement of blood lactate
level. It is important to note that normal values do not
exclude CoQ10 deficiency. A muscle biopsy, in which the
measurement of CoQ10 remains the gold standard test for
CoQ10 deficiency, may reveal ragged-red fibers, mitochon-
drial proliferation, or lipid droplets. However, normal or
nonspecific histological changes do not rule out the diagno-
sis. Activities of the NADH-cytochrome c reductase [com-
bined activity of complex I+III (CI+III)] and succinate
cytochrome c reductase [combined activity of complex II+
III (CII+III)] are highly dependent on endogenous CoQ10

[52, 53]. Therefore, the decreased combined activities of
CI+III or CII+III in the presence of normal individual activ-
ities in frozen muscle homogenates suggest a defect in
CoQ10 biosynthesis. It should be kept in mind that the
activities of these enzymes may be normal, particularly
when the deficiency is mild. Thus, direct measurement of
CoQ10 in skeletal muscle by high-performance liquid chro-
matography is the most reliable test for the diagnosis. Mea-
surement of the plasma concentration of CoQ10 is not a
reliable test since it is significantly influenced by dietary
uptake. Measurement of CoQ10 in peripheral blood mono-
nuclear cells (PMN) has detected deficiency in a small
number of patients; however, this test needs to be validated
in a larger cohort of patients (reviewed in [53, 54]). Skin
fibroblasts can be used as another tool to determine the
activities of these enzymes, but normal CoQ10 levels in
fibroblasts had been reported in some patients with geneti-
cally confirmed CoQ10 biosynthetic defects [22]. Therefore,
in a patient with suspicious CoQ10 deficiency, more than
one assay may be needed to confirm the diagnosis. If a
deficiency of CoQ10 is identified in biochemical analyses,
the sequencing of targeted or all known CoQ10 biosynthesis
genes can be considered a good approach by which to
determine the underlying genetic abnormality. However, it
should be noted that normal genetic results do not exclude a
deficiency of CoQ10 since the latter could be related to an as
yet unidentified gene. A suggested algorithm for the inves-
tigation of these patients is given in Fig. 2.

Treatment

Primary CoQ10 deficiency is unique among mitochondrial
disorders because supplementation with CoQ10 can improve
clinical symptoms. However, it should be noted that CoQ10
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should be administered as soon as possible if clinical signs
indicate a possible deficiency. As yet, no evidence-based
study regarding dosage has been published. Therefore,
CoQ10 has been given to patients with empirical doses of
between 30 and 50 mg/kg per day [16, 39]. Since the
bioavailability and the correlation between plasma and tis-
sue levels of CoQ10 are poor, observing clinical response is
the only practical method to monitor the efficacy of therapy.
The efficacy of 10 mg/kg per day of CoQ10 in children with
biochemically proven deficiencies of complex I, III, or IVor
with mutations in respiratory-chain genes is currently being
tested in a multicenter trial (ClinicalTrials.gov identifier:
NCT00432744). Several commercially available pharma-
ceutical formulations of CoQ10 are present, but it is not
known which one is the best. In general, oral suspensions

are preferred over tablet preparations containing crystalline
forms of CoQ10 in supplementation therapy. At our institu-
tion we prefer to use the oral Softgel CoQ10 capsule (GNC
Preventive Nutrition; GNC Corp., Pittsburgh, PA) at
30 mg/kg/day divided in two to three daily doses in our
patients with mutations in COQ6 [16]. However, no infor-
mation on the pharmacokinetics of CoQ10 in CoQ10-defi-
cient patients is currently available.

Conclusion

The presentations of primary CoQ10 deficiencies caused by
genetic mutations are very heterogeneous. The phenotypes
related to energy depletion or ROS production may depend

Fig. 2 A suggested algorithm for the investigation of patients with suspected coenzyme Q10 deficiency. PMN Peripheral blood mononuclear cell,
CI+III complex I+III, CII+III complex II+III. Reprinted from Rahman et al. [53], with the publisher’s permission
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on the content of CoQ10 in the cell, which is determined by
the severity of the mutation. One could speculate that the
responses of different cells or tissues to ROS accumulation
or energy depletion may be different according to their
antioxidant defense mechanisms or the level of respiratory
activity, which would explain the wide spectrum of clinical
features. Despite the identification of several genes, the
number of reported patients is still low, and no true geno-
type–phenotype correlations are known. Therefore, clini-
cians should be aware of this entity and should report their
patients. Identification and reporting of further patients with
primary CoQ10 deficiency will lead to an improved under-
standing of the clinical and genetic spectrum of the disease,
and how best to manage it.
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