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SEVERE TK2 ENZYME ACTIVITY DEFICIENCY IN
PATIENTS WITH MILD FORMS OF MYOPATHY
Thymidine kinase 2 (TK2) is a mitochondrial enzyme
participating in the salvage of deoxyribonucleotides
needed for mitochondrial DNA (mtDNA) replica-
tion. TK2 cartalyzes the first and rate-limiting step
of the deoxypyrimidine salvage pathway. Mutations
in TK2 were typically associated with a severe myo-
pathic form of mtDNA depletion syndrome (MDS)
characterized by a dramatic decrease in mtDNA copy
number in muscle that manifests during infancy and
leads to the early death of most patients. Recently,
several patients have been diagnosed with a late-onset
or slow-progressing form of the disease manifesting as
a milder myopathy with mtDNA multiple dele-
tions.”” Here we describe 7 adult cases presenting
with a mild myopathy compatible with a relatively
normal life for decades and associated with multiple
mtDNA deletions and no marked depletion in skel-
etal muscle. TK2 activity was drastically reduced in
cultured fibroblasts of 2 of these patients, suggesting
that redundant or complementary biochemical mech-
anisms could bypass the defect in some individuals, in
contrast with severely affected infantile patients.

Results. We report 7 patients (P1-P7) diagnosed in
their adulthood, between the ages of 16 (P6) and 55
(P2), with different forms of mitochondrial myopa-
thy associated with multiple mtDNA deletions. Phe-
notypic presentation varied from mild myopathic
signatures, such as ptosis and myalgia, to progressive
marked weakness and respiratory dysfunction (see
table 1 for more information on patients in our study
and table e-1 on the Neurology® Web site at
Neurology.org for a review of previously described
cases of TK2 mild myopathies). Histochemical or
biochemical evidence of mitochondrial dysfunction
is summarized in table 1 and figure e-1 (see also
e-Methods). Long-range PCR analysis revealed
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multiple mtDNA deletons in muscle from all
subjects (figure e-2). After genetic analysis, previously
reported pathogenic mutations in 7K2 were identified
in all patients (table 1).* Analysis of muscle mtDNA
did not reveal drastic reductions of mtDNA copy
number (table 1), in contrast to what is observed in
typical infantile patients with 7K2 mutations.'

We measured TK2 activity in fibroblasts from 2 of
the patients and found severe reductions in both
(3% and 6% residual activity, as compared with
age-matched healthy controls). Similar reductions
were observed in fibroblasts from pediatric patients
with severe myopathic MDS that were analyzed in
parallel; however, one of these patients conserved
40% of activity (figure e-2).

Discussion. Next-generation sequencing has revealed
TK2 deficiency as a prevalent defect leading not only
to pediatric forms of severe myopathy but also to
milder forms of the disease with later onset or slower
progression. The number of milder myopathy cases
recently diagnosed (7 previously reported plus 7
described here) suggests that pathogenic mutations
in 7K2 could have been largely missed in the past.
Therefore, 7K2 mutations should be investigated in
patients with myopathy associated with either
mtDNA depletion or multiple deletions, indepen-
dently of age at onset. Importantly, p.K202del and
p-T108M mutations seem particularly frequent in
the Spanish population.

Severe pediatric myopathic forms are associated
with a dramatic reduction in mtDNA levels. In milder
cases, mtDNA deletions are the predominant molecu-
lar defects and mtDNA copy number is always above
30% of the normal value, appearing higher the later
the age at onset and the milder the disease progression
(table 1 and table e-1).

All patients in this study have 7K2 mutations
reported earlier in typical pediatric cases of severe
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[ Table 1 Genetic and phenotypic description of mild myopathy TK2-deficient patients in the present study ]

Patient
1d®

[Pl

P2

P3

P4

P5

P6

P7

Mutation®

p.K202del; p.T108M

p.K202del

p.K202del

p.K202del

p.T108M

p.T108M

p.R192K; p.T108M

mtDNA Respiratory chain Onset’; TK2
levels®  Main clinical features Histochemical findings® activities® progression activity?
166% Myalgias, exertional 10% COX-— and 2% RRF, Normal NA NA
rhabdomyolysis, congenital nuclear internalization, necrotic
cardiopathy, gastric lymphoma, fibers
brain venous thrombosis
61% Ptosis, dysphonia, dysphagia, 11% COX- and 10% RRF, ClII deficiency Adulthood (30 y) NA
limb-girdle muscle weakness atrophy of type 2 fibers,
necrotic fibers
80% Ptosis without ophthalmoplegia, Abundant COX—, RRF, Cl deficiency; Adulthood (36 y) 3%
bilateral and peripheral facial isolated atrophic fibers increased CS
paresis
183% Limb-girdle muscular weakness, Few COX—, RRF NA Adulthood (50y) 6%
dysphagia and dysarthria, severe
ptosis, mild ophthalmoplegia,
facial diplegia
39% Dysphagia, muscle weakness, 40% COX—, RRFs, nuclear Normal; Adulthood (21 y) NA
respiratory dysfunction internalization, necrotic fibers, increased CS
dispersed rimmed vacuoles,
endomysial fibrosis
57% Exercise difficulties, muscle 50% of COX—, abundant RRF, Normal Infancy (4 y); slow NA
weakness, myopathy, pelvic and occasional small angulated
scapular limb-girdle atrophy fibers, nuclear internalization,
sparse inflammatory infiltrates
42% Myalgias, exertional 80% of COX—, RRF, nuclear NA Adolescence NA

rhabdomyolysis, muscle weakness,
hypertrophic myocardiopathy,
myopathy

internalization, necrotic fibers

(13 y); slow

Abbreviations: COX = cytochrome c oxidase; CS = citrate synthase; mtDNA = mitochondrial DNA; NA = information not available; RRF = ragged red fibers;
TK2 = thymidine kinase 2.
@Patient identification.

b Mutation according to RefSeq NP_.004605.4.
°Residual levels of mtDNA in muscle biopsies as quantified by real-time PCR. Results are shown as percentage of control samples.
9 Histochemical findings on muscle biopsies.

¢ Respiratory chain complexes activity on muscle biopsies.

fOnset of the clinical manifestations is indicated in years when available.
9TK2 activity expressed as percentage of control samples.

myopathy.®” This is also the case for some previously
reported mild myopathy cases.” Importantly, a signif-
icant level of residual TK2 activity had been docu-
mented in some of these patients (table e-1). Here, we
have measured TK2 activity in fibroblasts from
severely affected and mild myopathic patients, in
some cases sharing the same mutation (figure e-2
and e-Methods). We observed no correlation between
residual TK2 activity and the age at onset or severity.
For example, adult patients P3, P4, and previously
reported Pb (table 1 and table e-1) showed reduced
TK2 activities, at the level of that observed for
severely affected infantile patients (P8, P9, and P11,
e-Methods), while P10 (another infant with typical
MDS, e-Methods) had only a partial reduction.
Although additional studies would be needed to
determine the effect of specific mutations on different
substrate kinetics, our observations indicate that dif-
ferent individuals may tolerate TK2 deficiency to a
different extent, and suggest that interindividual var-
fations in other metabolic steps involved in mtDNA
replication may account for these differences. How-
ever, excluding the potential contribution of other

factors will require larger investigations. Similarly,

this marked clinical variability is observed in patients
with mutations in DGUOK and RRM2B, also
involved in dNTP metabolism. Genetic variations
affecting the interconnected networks responsible
for ANTP homeostasis and mtDNA replication

should thus be a target for further research.
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Expanding the Discussion on Sports Concussion
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