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Abstract
Several members of a three-generation kindred from Sardinia 
were affected by a maternally inherited syndrome character
ized by features of both myoclonus epilepsy with ragged-red 
fibers (MERRF) and mitochondrial encephalomyopathy with 
lactic acidosis and stroke-like episodes (MELAS). Clinically, 
symptoms such as myoclonus epilepsy, neural deafness and 
ataxia were variably associated with stroke-like episodes 
and/or migrainous attacks. Morphologically, numerous ME- 
LAS-associated SDH-stained vessels were observed in muscle 
biopsies, either alone or in combination with ragged-red 
fibers, the morphological hallmark of MERRF. Sequence 
analysis of the mtDNA tRNA genes revealed the presence of a 
single, heteroplasmic T 
region of the tRNAL>'s gene corrsponding to the T-'F-C stem. 
The T -> C(8356) transition was exclusively found in the mater
nal lineage of our family, and the relative amount of the 
mutant mtDNA species in muscle was correlated with the 
severity of the clinical presentation. Therefore, we propose 
that the T —» C(8356> transition is responsible for the mitochon
drial encephalomyopathy found in our family, and must be 
added to the expanding list of the pathogenetically relevant 
mutations of human mtDNA.
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Fig. 1. a Pedigree of the propo
siti. Solid symbols = severely af
fected individuals; half-solid sym
bols = moderately affected individ
uals; Shaded symbols = asymptom
atic individuals with mitochon
drial abnormalities; open symbols 
= normal individuals; * = DNA 
analyzed, b Diagnostic Xbal diges
tion of PCR-amplified mtDNA 
fragments. Samples of DNA from 
each propositus are indicated ac
cording to the nomenclature of the 
pedigree.

II-6 II-7 II-8 II-91-1HI-1 II-3 II-4

bp
120 im

‘KHPi86

69

51

b

Introduction groups; thus, this mutation appears to be the 
most frequent and widespread, although not 
the exclusive, cause of MERRF. On the other 
hand, most of the MELAS cases have been 
associated with a heteroplasmic A —?• G transi
tion at mtDNA nt 3243, in the region encod
ing the DHU loop of tRNALeu<UUR) [4, 5], A 
second MELAS mutation has been recently 
reported at nt 3271, in the anticodon stem of 
the same tRNA gene [6],

We report here the identification in a large 
pedigree of a new mtDNA point muation, 
located in the T-'F-C stem of the mtDNA 
tRNALys gene, etiologically related to a mater
nally inherited syndrome sharing features of 
both MERRF and MELAS.

Maternally inherited point mutations of 
mtDNA are responsible for several neuro
logical syndromes in humans, including Le
ber’s hereditary optic neuroretinopathy 
(LHON), neuropathy-ataxia-retinitis pigmen
tosa (NARP), maternally inherited myopathy 
and cardiopathy (MIMyCa), myoclonus epi
lepsy with ragged-red fibers (MERRF), and 
mitochondrial encephalomyopathy with lactic 
acidosis and stroke-like episodes (MELAS) 
[reviewed in ref. 1]. While LHON and NARP 
can be caused by mutations in mRNA-encod- 
ing mtDNA genes, MIMyCa, MERRF and 
MELAS are well-characterized mitochondrial 
disorders due to point mutations in tRNA- 
encoding mtDNA genes. In particular, a hete
roplasmic mutation linked to MERRF has 
been identified as a G A transition at 
mtDNA nt 8344, in the region encoding the 
T-'F-C loop of tRNALys [2]. Several groups, 
including ours [3], have reported the associa
tion of the G -» A(8344) mutation in many 
MERRF families belonging to different ethnic

Patients

The family originates from a small village in north
ern Sardinia; the pedigree tree is shown in figure 1. 
Maternal family members available for this study were 
divided into three groups: four severely affected pa
tients (1-1, II-2, II-8, III-l), three mildly affected pa
tients (II-4, II-5, II-7), and four clinically asymptom-
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Table 1. Clinical and laboratory features of family members

Patients Sex Age Myoclo- Ataxia Demen- Strokes/ Hypo- Abnor- Goiter RRF-SSV- Lactate %
migraine acusia mal 

EEG
COX def. at rest® mutanttianus

epilepsy

2.4 87.51-1 F 54
F 31t +++ 
M 11 +++
F 16 ++
F 17 -
F 26 -
M 23 -

+++ +++ +++ ++ +++
n.d.n.d. n.d. n.d.11-2 +++ +++ +++ +++

5.1 84.4III-1 +++++ + ++
3.7 56.7II-8 + ++ ++ ++++

n.d. 1.3 43.4II-7 +++ +
n.d. 1.4 45.2II-4 + +

2.2 56.7II-6 + +
1.2 47.1II-9 M 9 + +

n.d. n.d. n.d n.d.II-5 F 25
II-3 M 27

+
n.d. 0.0n.d.

t Deceased.
Normal value 0.6-2.4 mmol/1. 
n.d. = Not determined.

a

Group 2: Moderately Affected Patients 
Patient II-4, a 23-year-old sister of patient II-2, had 

an isolated, mild neural deafness. Another 17-year-old 
sister, patient II-7, was affected by both deafness and 
euthyroid goiter. The latter was the only symptom of 
patient II-5, a 21-year-old sister of patient II-2. In all 
three patients the blood lactate and serum CK were 
normal.

No patient of either group had ptosis, ophthalmo
plegia, retinal- or optic-nerve abnormalities. Urinaly
sis, routine blood tests, lysosomal enzymes in leuko
cytes, and ECG were all normal.

atic relatives (II-1, II-3, II-6, II-9); in addition, a 
brother of patient I-1, not examined by us, was referred 
to by his relatives as affected by symptoms compatible 
with a metabolic myopathy, but no further details 
could be obtained.

Group 1: Severely Affected Patients 
Patient 1-1, a 54-year-old woman, complained of 

neural deafness from her childhood, followed by bilat
eral cataract, and, later, by myoclonus, ataxia and 
dementia. One of her daughters, patient II-2, died at 32 
years of age of a massive cerebral stroke after having 
suffered during her life from several stroke-like epi
sodes. In addition, she was affected by myoclonus epi
lepsy and neural deafness from the age of 12. Severe 
ataxia, frequent migrainous attacks and dementia en
sued in the later years. Her 11 -year-old son, patient III- 
1, was affected by severe myoclonus epilepsy, cerebel
lar ataxia, and mild neural deafness. Patient II-8, a 16- 
year-old sister of patient II-2, suffered from severe 
migrainous attacks from the age of 14, and, more 
recently, developed myoclonus epilepsy. She was also 
affected by a multinodular euthyroid goiter. Basal 
blood lactate was in the upper normal range in patient 
1-1, and moderately elevated in patients II-8 and III-l 
(see table 1). Serum creatine kinase (CK) was also 
moderately elevated in both patients III-l and II-8 
(301 and 547 U/l, respectively; normal values: 25-190 
U/l).

Group 3: Clinically Asymptomatic Maternal 
Relatives
Individuals II-1 (30 years old), II-3 (27 years old), 

II-6 (23 years old), and II-9 (9 years old), brothers of 
patient II-2, were all clinically normal. Subjects II-6 
and II-9, however, both showed EEG abnormalities 
(sharp theta waves on the parietal regions).

Materials and Methods

Muscle Biopsies, Morphological and Biochemical 
Studies
A needle muscle biopsy was performed, after in

formed consent, in the following subjects: 1-1, II-3, II- 
4, II-6, II-7, II-8, II-9 and III-l.
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Isolation of blood lymphocytes was carried out 
using standard procedures.

Muscle biopsies were divided into two portions: 
one was stored in N2-cooled liquid isopentane for his
tological and histochemical examination, the other 
was frozen in liquid nitrogen for mtDNA analysis. 
Given the small size of the biopsies (approximately 50 
mg), biochemical analysis of the mitochondrial respi
ratory chain could not be performed.

dase (COX) deficiency, 28 patients with a nonclassi- 
fied mitochondrial encephalomyopathy, 13 patients 
with dyssynergia cerebellaris myoclonica, 29 patients 
with other neurological syndromes. The ‘lymphocyte 
mtDNA’ group was composed of DNA samples from 
160 individuals originating from Sardinia, including 
100 normal individuals, 30 patients affected by multi
ple sclerosis and 30 patients affected by ß-thalas- 
semia.

The proportion of mutant mtDNA was calculated 
by densitometry of the ethidium-bromide-stained gels 
as described elsewhere [2], using a Mitsubishi Video 
Copy Processor (Model P68E), an IV-530 Contour 
Synthesizer (FOR-A, France) and the Bio-Profil (Vil- 
ber-Lourmat, France) software package.

Molecular Genetic Studies
Extraction of total DNA from muscle and lympho

cytes, polymerase-chain-reaction (PCR) amplifica
tions and direct sequencing of double-stranded DNA 
were performed as described previously [7], using suit
able pairs of 25-mer primers (sense and antisense), cor
responding to portions of human mtDNA flanking the 
22 tRNA genes.

The rapid screening of the patients’ mtDNAs was 
based on mispaired PCR, as described elsewhere [3,7]. 
We replaced a G nucleotide with a C nucleotide in an 
antisense 50-mer primer, corresponding to the 
mtDNA Cambridge sequence [8] from nt 8357 to nt 
8407. The nucleotide substitution corresponded to po
sition 8359 of the antisense mtDNA sequence. The 
‘sense’, unmodified primer corresponded to the region 
from nt 8200 to nt 8225 of the Cambridge sequence. In 
the presence of the mutant C*8356*, but not of the wild- 
type T8356>, the modification of the primer created a 
new, diagnostic Xbal restriction site. Since a second 
Xbal site is normally present at position 8286, the 
wild-type PCR product was cleaved by Xbal into two 
fragments of 120 and 86 bp. The latter fragment was 
also present after Xbal digestion of the mutant PCR 
product; however, the 120-bp fragment which con
tained the mutant C(83561, was further cleaved into two 
fragments of 51 and 69 bp. The cleavage products of 
the mutant and wild-type PCR products were sepa
rated and visualized by electrophoresis on an ethid- 
ium-bromide-stained 6 % acrylamide-TBE gel.

The same diagnostic procedure was also carried out 
on 327 DNA samples collected from 167 muscle biop
sies and 160 blood lymphocyte pellets, obtained from 
as many unrelated normal and diseased control indi
viduals. The ‘muscle mtDNA’ control group included 
25 normal individuals, 6 patients with Kearns-Sayre 
syndrome (2 harboring a single mtDNA deletion), 33 
patients with progressive external ophthalmoplegia 
‘plus’ (2 harboring a mtDNA deletion), 8 patients with 
MELAS (4 harboring the A -> G(3243) mutation), 9 
patients with MERRF (7 harboring the A G(8344) 
mutation), 3 patients with LHON, 14 patients with 
Leigh’s syndrome associated with cytochrome C oxi

Results

Morphological Studies in Muscle 
The severely affected patients that could 

be examined were subjects 1-1, II-8 and III-1. 
Both patients 1-1 and III-l had ragged-red 
fibers (RRF). Figure 2a shows an example 
from the muscle biopsy of patient III-1. More
over, numerous fibers, including the ragged- 
red ones, were negative for the histochemical 
reaction of COX (fig. 2b). Atrophic fibers 
were present in the muscle biopsy of patient 
1-1. In addition, in the muscle biopsy of pa
tient III-1, the walls of numerous vessels ap
peared heavily stained at the histochemical 
reaction for succinic dehydrogenase (SDH) 
(fig. 2c). These SDH-stained Vessels (SSVs) 
are considered to be a morphological hall
mark of MELAS [9]. Vessels from non- 
MELAS specimens are virtually unstainable 
by the histochemical reaction for SDH. Ab
normal mitochondrial proliferation and in- 
tramitochondrial paracristalline inclusions 
and concentric cristae were found at the ultra- 
structural level (not shown). Partial COX de
pletion, neurogenic changes and numerous 
SSVs were also present in the muscle biopsy 
of patient II-8, but RRF were not observed. 
Among the moderately affected patients, the
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Of the three clinically normal subjects (II- 
3, II-6, II-9), the muscle biopsy of individual 
II-6 showed rare ragged-red, COX-depleted 
fibers, as well as SSVs. SSVs and mild signs of 
neurogenic atrophy were also present in the 
biopsy of subject II-9, while the biopsy of 
individual II-3 was normal.

—M 4M < -â-s- (

'*■ + 4MMk

Molecular-Genetic Studies
Identification of a mtDNA tRNAGs Muta

tion. We initially analyzed the muscle 
mtDNA of patient III-l (mtDNA(ni-i)). Major 
rearrangements or known point mutations of 
mtDNA(ni-i) were ruled out (not shown). Nu
cleotide sequences of tRNA-containing frag
ments of mtDNA(in-i) were then compared 
with the corresponding mtDNA Cambridge 
sequence.

The only difference observed was a cytosine 
nucleotide replacing the wild-type thymine at 
position 8356 of the tRNALys (fig. 3). Since the 
mutant species represented approximately 
84% of mtDNA(in-i) (see (table 1), only the 
C(8356) was detectable in the sequence.

Figure 3 shows the location of the T- 
>C(8356) transition in the tRNALys proposed 
secondary structure. The wild-type Tl8356> is 
normally bound to the A located 18 positions 
upstream, at nt 8338, as a part of a 5-bp palin
drome which forms the T-'F-C stem of the 
tRNALys cloverleaf. Although this T-A pair is 
only moderately conserved through animal 
species [2], in mtDNA(in_i) the C(8356) muta
tion creates a mismatch with the correspond
ing A<8338), thus disrupting the pair, and pre
sumably affecting the stability of the tRNA T- 
'F-C stem.

Segregation of the T->C8356) Mutation. 
Using a diagnostic digestion with Xbal we 
analyzed the muscle (fig. 1) and lymphocyte 
(not shown) mtDNA for the presence of the 
T->C(8356) transition in the available family 
members.

Fig. 2. Histology of muscle biopsy of individual III- 
1. a Modified Gomori trichrome stain, showing a 
RRF. b COX staining shows a mosaic of COX-positive 
and COX-negative fibers, c Histochemical reaction for 
SDH, showing a SSV.

muscle biopsy of subject II-4 showed SSVs, 
rare RRF and COX-depeleted fibers and mild 
neurogenic changes, while the presence of 
SSVs was the only pathological finding in sub
ject II-7.
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The second lane of the gel shown in fig
ure 1 shows the wild-type pattern obtained 
from the muscle mtDNA of a normal family 
member, II-3. The 120-and 86-bp bands cor
respond to the cleavage products of the wild- 
type Xbal site at nt 8286. By contrast, the 
muscle mtDNAs of the 5 clinically affected 
patients who were analyzed (patients 1-1, II-4, 
II-7, II-8, III-l), and of 2 out of 3 clinically 
normal maternal relatives (II-6, II-9) pre
sented a four-band pattern, as would be ex
pected in cases of heteroplasmy for the 
T->C(8356) transition.

A homoplasmic wild-type two-band pat
tern was also obtained in all 327 human DNA 
samples used as controls.

Quantitative Analysis of the T->08356) 
Heteroplasmy. Table 1 shows that the most 
severely affected patients who were available 
for this study (subjects I-1 and III-1 ) had a rel
ative amount of mutated mtDNA well over 
80%. Patient II-8, who had less severe myo
clonic epilepsy, migrainous attacks and deaf
ness, had 57% of mutated mtDNA in her 
muscle biopsy, while other subjects, either 
moderately affected patients or normal indi
viduals, had widely distributed values, rang
ing from 57 (individual II-6) to 0% (individ
ual II-3). Thus, the degree of mtDNA hetero
plasmy seems to correlate with the severity of 
the clinical presentation and/or with the labo
ratory indexes of a mitochondrial disorder.

The mutant C(8356> was barely detectable in 
the lymphocyte mtDNA of the severely af
fected patients (1-1, II-8, III-l), and absent in 
the lymphocyte mtDNA of the other family 
members (not shown).

wild-type
G A T C

mutant
G A T C

a

3'
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Fig. 3. a Identification of T->C transition of the 
mtDNA tRNAL),s nucleotide pair 8356 by direct se
quencing. b Proposed tRNALys secondary structure 
showing the mutation at position 3260 in the T-T-C 
stem.

Discussion strated by the presence of RRF and/or SSYs, 
abnormal mitochondria at the electron micro
scope examination, variably elevated levels of 
blood lactate, and a defective histochemical 
reaction of COX. Second, with the exception

A mtDNA etiology of the syndrome was 
suggested by the following facts. First, pa
tients had a mitochondrial disorder, demon-
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of subject II-3, the maternal relatives had 
signs of a subclinical mitochondrial disorder, 
such as proliferation of, and/or histochemical 
COX deficiency in muscle mitochondria. 
Third, the pattern of transmission of the trait 
was compatible with maternal inheritance, 
because the affected individuals all belonged 
to the maternal lineage of a single three-gener
ation kindred.

A distinct clinical feature was the presence 
of thyroid hyperplasia in three members of 
the family. Although thyroid hyperplasia is 
endemic in Sardinia, we tentatively attributed 
this sign to the underlying mitochondrial dis
order because we observed the presence of 
euthyroid goiter in families with mitochon
drial encephalomyopathies originating from 
other Italian regions [in preparation],

A T->C transition, creating a mismatch in 
the T-T-C stem of the tRNAL>'s mtDNA gene, 
was identified in the maternal lineage of the 
kindred. The mutation specifically segregated 
with the disease: none of 327 normal and dis
eased controls had the mutation. Moreover, 
the mutation was heteroplasmic. Hetero- 
plasmy is an indicator of pathogenic muta
tion: it has never been reported in normal 
individuals, and it can also explain the vari
able expressivity of the phenotype. Finally, 
the proportion of mutant mtDNA in muscle 
was positively correlated with the severity of 
the clinical presentation (see table 1 and 
fig. 1). Incidentally, we noticed that subject II- 
3, who was completely free of any clinical, 
morphological or laboratory abnormality, 
was the only family member whose muscle 
mtDNA was homoplasmic for the wild-type 
j(8356) The pathogenicity of the mutation is 
further supported by the substantial decrease 
of mutant mtDNA in lymphocytes, suggesting 
the presence of negative selection against the 
survival of mitotically active cells harboring 
the mutation.

From a molecular-genetic point of view, it 
is interesting to note that the T->C(8356) tran
sition not only affects the same tRNA gene 
but also the same functional region as the 
MERRF-associated mutation originally de
scribed by Shoffner et al. [2], However, from a 
clinical point of view, some members of this 
family presented features of MERRF, while 
others shared features of both MERRF and 
MELAS, the myoclonus epilepsy being varia
bly associated with stroke-like episodes, mi
grainous attacks and lactic acidosis. Histolog
ically, all examined individuals, except sub
ject II-3, had SSVs, a morphological hallmark 
of MELAS, either alone or in addition to RRF 
and COX depletion. As typically found in 
lesions of mtDNA [1, 10], symptoms ranged 
from isolated deafness, as in patient II-4, to a 
moderately severe encephalomyopathy as in 
patient II-8, to a severe syndrome including 
muscle wasting, ataxia and myoclonus epi
lepsy (patient III-l). Dementia was an addi
tional feature in patients 1-1 and II-2; the lat
ter died precociously after several stroke-like 
episodes. Overlap syndromes of MERRF and 
MELAS have been decribed in the past. 
MERRF patients may develop overt stroke
like episodes or show CT or MRI evidence of 
silent infarcts [11, 12], On the other hand, 
patients with MELAS can have myoclonus 
[13-16], However, it is possible that the over
lap syndrome of this family may be specifi
cally linked to the new T -» C(8356) mutation. 
In addition, it is known that the concordance 
between the clinical phenotype and different 
mtDNA mutations of tRNA genes may vary: 
for instance, the A->G(3243) MELAS muta
tion can be often found in patients affected by 
other mitochondrial encephalomyopathies, 
including progressive external ophthalmople
gia with RRF, and nonclassified cases [17], 
Alternatively, a specific ‘nuclear-genetic back
ground’, or the presence of a second, as yet 
unidentified, mtDNA mutation which could
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synergistically act with the T->C(8356) transi
tion, may account for the peculiar combina
tion of symptoms found in our family.
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Note Added in Proof

We have been informed that the T->C(83561 transi
tion has also been found in the muscle mtDNA of an 
A->G(8344)-negative American patient affected by 
MERRF. We are indebted to Dr. S. DiMauro for this 
personal communication [18].
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