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We evaluated coenzyme Qo (CoQ) levels in patients studied under suspicion of mitochondrial DNA depletion
syndromes (MDS) (n = 39). CoQ levels were quantified by HPLC, and the percentage of mtDNA depletion by
quantitative real-time PCR. A high percentage of MDS patients presented with CoQ deficiency as compared to
other mitochondrial patients (Mann-Whitney-U test: p = 0.001). Our findings suggest that MDS are fre-
quently associated with CoQ deficiency, as a possible secondary consequence of disease pathophysiology. As-
sessment of muscle CoQ status seems advisable in MDS patients since the possibility of CoQ supplementation
may then be considered as a candidate therapy.

© 2013 Elsevier B.V. and Mitochondria Research Society. All rights reserved.

1. Introduction

Mitochondrial DNA depletion syndromes (MDS) are a heterogeneous
group of disorders characterized by low number of mitochondrial DNA
(mtDNA) copies in different tissues (Spinazzola, 2011). These syndromes
are frequently associated with severe infant and childhood mitochondrial
respiratory chain (MRC) deficiencies and patients may present with
different phenotypes. Myopathic (OMIM: 609560), encephalomyopathic
(OMIM: 612073 and 612075) and hepatocerebral (OMIM 251880) are

Abbreviations: CoQ, Coenzyme Q;o; MDS, mitochondrial DNA depletion syndromes;
HPLC, high pressure liquid chromatography; mtDNA, mitochondrial DNA; MRC, mito-
chondrial respiratory chain; CS, citrate synthase.
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common forms, although a wide range of clinical presentations are
being profiled (Nogueira et al., 2011; Rotig and Poulton, 2009
Suomalainen and Isohanni, 2010). MDS have been related to im-
paired mtDNA replication (mutations in POLG1 and C1001f2/PEO1 genes),
to altered mitochondrial metabolism of deoxynucleotide pools (muta-
tions in TK2, DGUOK, MPV17, RRM2B, SUCLA2, SUCLG1 and TYMP genes)
(Nogueira et al., 2011; Rétig and Poulton, 2009; Suomalainen and
Isohanni, 2010). However, in a high percentage of the cases the aetiology
of the disease remains to be elucidated (Alberio et al., 2007).

Coenzyme Qo (CoQ) is a mobile molecule that acts as an electron
carrier in the MRC transferring electrons from complex I and complex
Il to complex III (Ernster and Dallner, 1995). It is also a cofactor for sev-
eral mitochondrial dehydrogenases, including dihydroorotate dehydro-
genase (EC 1.3.3.1), an enzyme involved in pyrimidine biosynthesis. A
link between CoQ deficiency and impaired pyrimidine biosynthesis
has previously been demonstrated (L6pez-Martin et al., 2007), although
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only anecdotic reports have studied CoQ status in MDS patients
(Montero et al., 2009). Mutations in 6 genes involved in CoQ biosyn-
thetic pathway have been reported in association with a range of clini-
cal phenotypes: mutations in COQ2, PDSS1, PDSS2 and COQ4 have been
reported in cases of severe infantile multisystemic disease (Quinzii and
Hirano, 2010; Sacconi et al., 2010; Salviati et al,, 2012), mutations in the
ADCK3 gene have been associated with cerebellar ataxic form of CoQ de-
ficiency (Lagier-Tourenne et al., 2008) and a mutation in the COQ6 gene
that causes nephrotic syndrome with sensorineural deafness (Heeringa
etal., 2011). Interestingly, several studies have reported the presence of
a secondary CoQ deficiency in diseases such as ataxia with oculomotor
apraxia (Quinzii et al., 2005) and glutaric aciduria type Il (Gempel et al.,
2007). CoQ deficiency has also been frequently detected in mitochondrial
disorders (DiMauro et al., 2007; Emmanuele et al., 2012; Miles et al.,
2008, Quinzii and Hirano, 2011, Sacconi et al., 2010). In our global expe-
rience, CoQ deficiency is present in a similar percentage of patients with
mitochondrial disorder to that reported in the study by Montero et al.
(2005). Furthermore, secondary CoQ deficiency may be very difficult to
differentiate from that of primary deficiency, since in most cases the mo-
lecular basis of the disease remains elusive (Emmanuele et al., 2012).

The aim of the present study was to evaluate muscle and liver CoQ
levels in a cohort of patients with a clinical phenotype suggestive of
MDS.

2. Methods
2.1. Patients

During the last 3 years, we have recruited 39 patients (age range:
1 month-24 years; average 2.6 years) with the following inclusion
criteria: clinical phenotype suggestive of MDS; no CoQ supplementa-
tion therapy at the time of the biopsy; and biochemical, histopatho-
logical and/or genetic evidence of a mitochondrial disease according
to previously established criteria for diagnosis of mitochondrial dis-
ease (Bernier et al., 2002). 12 patients were from Coimbra, 4 patients
from London and 23 patients from Barcelona. The patients were clas-
sified in 2 groups.

Group 1: 14 patients (age range: 1 month-2 years; average 0.5 years)
with the diagnosis of MDS (percentage of mtDNA depletion greater than
70%): 8 patients presented with decreased mtDNA copy number in mus-
cle, 5 patients in liver and 1 patient in brain.

Group 2: 25 patients (range age: 1 month-24 years; average
3.1 years) with a clinical suspicion of a MDS (they presented with
hepatocerebral involvement (n = 5), encephalopathy (n = 11) and
myopathy plus encephalopathy (n = 8)) who did not show mtDNA
depletion in the tissues studied (muscle or liver). The main laboratory
findings of both groups of patients are stated in Tables 1 and 2, and
the clinical details of the MDS patient group are outlined in Table 2.
From the 39 patients, we investigated 30 muscle biopsies, 8 liver biop-
sies and 1 brain tissue collected after necropsy.

2.2. Laboratory studies

MRC and citrate synthase (CS) enzyme activities were determined
by spectrophotometric enzyme assays in muscle biopsies as previously
reported (Grazina, 2012; Rustin et al., 1994). We assessed MRC enzyme
activities corrected for citrate synthase activity, and MRC deficiencies
were considered as described by Grazina (2012) and Bernier et al.
(2002).

Muscle and liver CoQ levels were determined by reverse-phase high
pressure liquid chromatography (HPLC, Waters, MA, USA) with electro-
chemical detection (ED; Coulochem II, ESA, MA, USA) (Montero et al.,
2008). Briefly, CoQ was separated on a nucleosil C-18 column (5 pm,
25 x 0.4 cm, Teknokroma, Barcelona, Spain). Mobile phase consisted
of 20 mmol/L of lithium perchlorate in ethanol/methanol (40/60; v/v).
ED cells were attached at —600 mV (conditioning cell, Model 5021)

Table 1
Biochemical and molecular data of the 39 patients under the suspicion of MDS. Data are
expressed as range, average (SD), and median.

% mtDNA  CoQ
depletion  (nmol/g)

Patients with
impaired MRC

LCl+ 1 (n=1)
LCIl 4 11l (n = 2)

75-99 4-151
85 (10), 86 75 (47), 69

Muscle Group 1:
mtDNA depletion

(n=8) LCll(n = 2)
| ClII (n = 3)
LCIV(n=25)
Group 2: 4.1-66 74-319 LCl+ 1 (n=25)
no mtDNA depletion 37 (21),36 165 (65),148 | CIl + Il (n = 11)
(n =22) LCl(n=7)
| ClIl (n = 10)
1CV(n=29)
Reference values <70% 121-451° na.
229 (105)
140-580°
241 (95)
Liver Group 1: 74-96 223-617 n.a
depletion (n = 5) 88 (8),90 419 (19),418
Group 2: 6.1-38% 312-464 n.a.
no depletion (n = 3) 29 (19),38 398 (78), 420
Reference values <70% 220-920% na

614 (228)

Case 13, patient with pathologic % mtDNA depletion in brain, was excluded of this
table.
¢ Reference interval for muscle CoQ determined by HPLC-electrochemical detection.
b Reference interval for muscle CoQ determined HPLC-UV detection.

and + 600 mV (analytical cell, Model 5010). The muscle CoQ reference
interval was established from 37 paediatric patients with no clinical pre-
sentation of muscle disease (age range 2-16 years; average 9.2 years).
Details of the establishment of this reference interval have been previ-
ously reported (Montero et al., 2008). The muscle CoQ status of patients
from the UK was determined by HPLC with UV detection at 275 nm
(Jasco UV 975 detector, Jasco, UK) (Duncan et al., 2005). CoQ was sepa-
rated on a (Techsphere ODS 5 1, 150 x 4.6 mm) HPLC column. The
mobile phase consists of ethanol:methanol:60% (v/v) perchloric acid;
700:300:1.2 (v:v) to which 7 g of sodium perchlorate is added. For the
HPLC-UV procedure, the muscle CoQ reference interval was established
from 20 patients with no clinical/biochemical evidence of muscle disease
or MRC dysfunction (age range 0.6-18 years; average 5.6 years), as pre-
viously reported in the study by Duncan et al. (2005).

To establish the liver CoQ reference interval liver samples were col-
lected following necropsy from 7 paediatric patients (age range 1 day-
1 year, average 3 months) with no clinical/biochemical evidence of
MRC disorder and analyzed by HPLC with ED. The results of CoQ determi-
nations were expressed as nmol/g of total protein content as measured
by Lowry et al. (1951). All HPLC determinations were undertaken with
internal quality controls to ensure continuity between analyses. Recently,
we have initiated a pilot quality control scheme between the London and
Barcelona laboratories, with a good agreement in the determination of
CoQ levels being reported (results available on request).

The mtDNA content was measured by quantitative real-time PCR
according to the method of Marcuello et al. (2005), Ashley et al.
(2008) and Navarro-Sastre et al. (2012). Briefly, the analysis was
performed in a Step One Plus real-time PCR system (qRTPCR; PE7500
real-time PCR instrument; Applied Biosystems, Foster City, CA, USA).
This method is based on the amplification of the mitochondrial 12S
rRNA and m.3130-3301 and the quantity of mtDNA was corrected
by simultaneous measurements of a single copy of nuclear RNAseP
and APP genes. PCR was performed in a final reaction volume of
20 pL with 2 mM of MgCl,, 0.5 pM each of the mitochondrial probes
(5’-[6FAM|tgccagccaccgeg[BHQ1]-3), forward and reverse primers
(forward primer: 5’-ccacgggaaacagcatgtatt-3’, reverse primer: 5’'-
ctattgacttgggttaatcgtgtga-3’), 1 uL of TagMan® RNAseP, 25 ng of
DNA and 10 pL of TagMan® Gene Expression Master Mix (Applied
Biosystems).
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