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Summary. More than half of the intramuscular blood 
vessels in muscle biopsies from five patients with 
myoclonus epilepsy with ragged-fibers (MERRF) who 
had a point mutation in mitochondrial DNA at the 
tRNALy s region were darkly stained with succinate 
dehydrogenase (SDH) stain, showing the morphologic 
characteristics of strongly SDH-reactive blood vessels 
(SSV), but they had no cytochrome c oxidase (CCO) 
activity. By electron cytochemistry, the mitochondria in 
the smooth muscle cells of SSV had no CCO activity. On 
the other hand, SSV in muscle biopsies from patients 
with mitochondrial myopathy, encephalopathy, lactic 
acidosis, and stroke-like episodes (MELAS) had normal 
CCO activity as shown by light and electron microscopy. 
The defect in CCO activity in the arteriolar smooth 
muscle cells and in muscle fibers suggests that CCO 
deficiency is related to the pathophysiology of 
MERRF. 
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The mitochondrial myopathies are a group of disorders 
with mitochondrial dysfunction manifesting heterogen- 
eous clinical symptoms and biochemical defects [3, 20]. 
Among them, three clinically defined diseases of chronic 
progressive external ophthalmoplegia (CPEO), mito- 
chondrial myopathy, encephalopathy, lactic acidosis, 
and stroke-like episodes (MELAS) and myoclonus 
epilepsy with ragged-red fibers (MERRF) are now 
proven to have different mitochondrial DNA (mtDNA) 
mutations: mtDNA deletion in CPEO [13, 17], a point 
mutation at nucleotide positions of 3243 and 3271 
(tRNALeu(UUR)) in MELAS [8, 9], and 8344 (tRNA Lys) 
in MERRF [241. 
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In addition to muscle weakness, convulsive episodes 
are an outstanding central nervous system (CNS) symp- 
tom in MELAS and MERRF, but exceptional in CPEO. 
In MELAS, the systemic vascular abnormalities involv- 
ing CNS [19] and muscle [12, 21] have been postulated to 
be the basis for the stroke-like episodes. The vascular 
abnormalities are easily demonstrated with the succi- 
hate dehydrogenase (SDH) stain as strongly SDH- 
reactive blood vessels (SSV) [12] in muscle biopsies, 
because the small arteries in the muscle contain 
increased numbers of abnormal mitochondria. 

CNS symptoms in MERRF are different from those in 
MELAS, suggesting that the pathogenetic mechanism of 
CNS involvement is also different. If vascular abnormal- 
ity is present and plays a role in producing some 
symptoms of MERRF, their morphologic features must 
differ from those in MELAS in terms of mitochondrial 
enzyme defect, and distribution and size of the abnormal 
blood vessels.To clarify the probable pathophysiology of 
the vascular changes in the two diseases, we examined 
muscle biopsies by histochemistry and electron cyto- 
chemistry focusing on mitochondfia in small arteries. 

Materials and methods 

Patients 

Muscle biopsies were obtained from five patients who have been 
reported previously [16]. Patient 2 was mother of patient 1. All 
patients had clinical characteristics of MERRF except for patient 2 
who had no clinical symptoms. All patients showed abnormal EEG 
and had increased serum lactate and pyruvate levels. All patients 
had a point mutation in mtDNA at nucleotide position 8344 in 
tRNALy s in their muscle biopsies. 

Three muscle biopsies from patients with spinocerebellar 
degeneration, Becker type progressive muscular dystrophy and 
idiopathic epilepsy were chosen for control. Muscle biopsies from 
six MELAS patients [12] who had point mutation in mtDNA at the 
tRNA Leu(UUR) region were also examined for comparison. 



Morphological examination 

For histochemical analysis, muscle specimens were immediately 
frozen in isopentane cooled in hquid nitrogen. Serial frozen 
sections (10 ~m thick) were stained with hematoxylin and eosin, 
modified Gomori trichrome (mGT), and a battery of histochemical 
methods. For this study, four additional serial sections were 
obtained: the first section was stained with mGT to identify the 
small thick-walled blood vessels, which were probably arteries; the 
second and third were stained with SDH and cytochrome c oxidase 
(CCO), respectively, to evaluate enzyme activity in the same blood 
vessels, and fourth was fixed for electron microscopy [4, 18]. In all 
specimens, the above procedure was repeated three times at 
intervals of 300 ~tm. The blood vessels with darkly stained walls and 
large, dense granules with the SDH stain were regarded as SSV 
(Fig. 1A, C and E). 

For electron cytochemistry, the fourth sections were fixed in 
glutaraldehyde and stained with CCO [18, 23]. After washing in 
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PBS, the sections were postfixed in OsO4 and embedded in epoxy 
resin. Ultrathin sections were stained with uranyl acetate without 
lead nitrate. 

Results 

In MERRF, all muscle biopsies showed myopathic 
changes which consisted of variation in fiber size of both 
type 1 and 2 fibers, scattered ragged-red fibers, and focal 
CCO deficiency [16]. A total of 45 intramuscular blood 
vessels with thick walls (probable arteries) were identi- 
fied in sections stained with mGT. Of the 45 blood 
vessels 29 were stained dark with SDH and contained 
large granules in their walls (SSV; Table 1 and 
Fig. 1A, C). In serial sections, none of the SSV were 

Fig. 1A-H. Intramuscular arteries 
in patients with myoclonus epilepsy 
with ragged-red fibers (MERRF) 
(A-D) are stained darkly with suc- 
cinate dehydrogenase (SDH) with 
large dense granules in their walls 
(A, C) showing strongly SDH-reac- 
tive blood vessels (SSV), which are 
similar to those seen in patients 
with mitochondrial myopathy, en- 
cephalopathy, lactic acidosis and 
stroke-like episodes (MELAS) (E). 
On serial sections, the SSV in 
MERRF have negative cyto- 
chrome c oxidase (CCO) activity 
(B, D), whereas in MELAS they 
are strongly positive (F). Patient 3 
(A, B), patient 4 (C, D), 30-year- 
old male with MELAS (E, F), 9- 
year-old male with idiopathic epi- 
lepsy (G, H). A, C, E, G SDH 
stain, B, D, F, H CCO stain; A-H 
• 240 
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Fig. 2. A strongly SDH-reactive blood vessel (SSV) by light 
microscopy (inset) is confirmed to contain markedly proliferated 
mitochondria in smooth muscle cell (M) by electron microscopy of 
serial frozen sections. These proliferated mitochondria show no 

CCO activity Mitochondria in endothelial cells (E) appear normal 
with normal CCO activity (arrow). Patient 3. CCO and uranyl 
acetate without lead nitrate stain; inset SDH stain. Bar = 5 9m; 
inset X 190 

darkly stained with C C O  (Fig. 1B, D)  except for three 
faintly stained vessels. 

By electron microscopy, all ten SSV examined were 
conf i rmed to be arteries. The  smooth  muscle ceils had 
marked ly  increased number  of mitochondria .  The  pro- 
l iferated abnormal  mi tochondr ia  were not  stained with 
CCO, indicating C C O  deficiency (Fig. 2). In  an SSV in 
pat ient  3, the smooth  muscle cells with CCO-posi t ive  
mi tochondr ia  and those with CCO-negat ive  mitochon-  
dria coexisted in a mosaic  distribution. There  was no 
intracellular mosaicism of CCO-posi t ive  and -negative 
mi tochondr ia  in the same smooth  muscle cell even in 
such an artery. Mitochondr ia  in the endothelial  cells 
appeared  normal  with C C O  activity (Table 1). 

None  of the blood vessels in control muscles were 
strongly positive for S D H  (Fig. 1G) or C C O  (Fig. 1H) 
since normal  arteries have only a few numbers  of 
mi tochondr ia  in the smooth  muscle cells [21]. All 
mi tochondr ia  in the endothelial  and smooth  muscle cells 
had normal  morpho logy  with normal  CCO activity by 
electron microscopy (Fig. 3; Table 1). 

Fig. 3. An intramuscular artery (control). Endothelial and smooth 
muscle cells contained a few scattered mitochondria with positive 
CCO activity. Lumen (L), endothelial cell (E) and smooth muscle 
cell (M). CCO and uranyl acetate without lead nitrate stain. Bar = 
5 b~m 



Table 1. Intramuscular vessels 
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Light microscopy Electron cytochemistry 

Patients Age/sex Number of SSV CCO + SSV Number of SSV with 
vessels CCO + mitochondria 

in smooth muscle cells 

Number of SSV with 
CCO + mitochondria 
in endothelial cells 

1 37/F 10 6 0 0/1 a 1/1 
2 61/F 7 4 0 (1) b 0/2 2/2 
3 16/F 10 9 0 lC/5 5/5 
4 15/F 9 5 0 0/2 2/2 
5 35/M 9 5 0 (2) NE NE 

Total 45 29 0 1/10 10/10 

Controls 18 0 0 All 10 small arteries examined had CCO + mitochondria in 
(n = 3) their smooth muscle and endothelial cells. 

MELAS 32 25 25 22 + 3c/25 25/25 
(n = 6) 

a Number of vessels examined 
b Number of SSV with faintly positive CCO activity 
c Intercellular mosaicism of smooth muscle cells with CCO + and CCO- mitochondria in a single artery 
SSV, Strongly SDH-reactive blood vessels; CCO+: Cytochrome c oxidase-positive activity; NE: not examined 

In MELAS,  25 of the 32 blood vessels identified were 
SSV. The morphology of SSV was not different f rom that 
seen in MERRF, but  all were stained darkly not only 
with SDH but also with CCO (Fig. 1E, F). These 
findings corresponded to the proliferated mitochondria 
with normal CCO activity seen by electron microscopy. 
In three arteries there  were some smooth muscle cells 
with mitochondria without CCO activity, but  even in 
these arteries, the mitochondria in the remaining 
smooth muscle cells had normal CCO activity (Ta- 
ble 1). 

Discussion 

Vascular abnormality in CNS [19] and in muscle [12, 21] 
has been repor ted  in MELAS,  but  not in MERRF. Since 
such abnormal blood vessels contain increased number  
of mitochondria in smooth muscle cells [12, 19, 21], they 
are strongly stained with SDH, and so have been 
designated SSV, strongly SDH-reactive blood vessels 
[12]. SSV are found in most muscle biopsies f rom 
patients with MELAS [10, 12]. 

In MERRF, the intramuscular arteries showed similar 
vascular changes to those seen in SSV in MELAS. These 
blood vessels, identified as SSV in MELAS, had high 
CCO activity, but  in M E R R F  they had no enzyme 
activity. Electron cytochemistry confirmed that these 
enlarged mitochondria which were present in increased 
numbers in smooth muscle cells in M E R R F  had no CCO 
activity. Since CCO deficiency in mitochondria in 
smooth muscle cells in MELAS was exceptional, CCO 
deficiency may not  be the primary enzyme defect in 
arteries in MELAS. 

Pa t ien t2 ,  mother  of patient 1 with an identical 
mutat ion in mtDNA,  had no apparent  clinical abnor- 

mality except for an abnormal E E G  and elevated serum 
lactate and pyruvate levels. In the muscle biopsy of the 
patient,  however, not only ragged-red fibers but  also 
SSV were found. The presence of SSV in such an 
unaffected patient suggests that abnormal vascular 
pathology starts f rom an early stage of the disease and 
play a certain role in pathogenesis of this disease. 

In contrast to the autopsy findings of multiple focal 
cortical necrosis and basal ganglionic calcification in 
MELAS [11, 14, 19], the pathology in M E R R F  is system 
degeneration,  involving the dentate  nuclei, superior 
cerebellar peduncles, inferior olivary complex, globus 
pallidus, red nuclei, and cerebellar cortex, where neu- 
ronal loss is prominent  but  where there is little morpho-  
logic alteration of the neuronal  mitochondria [6, 7, 22]. 
Although focal ischemic lesions [1, 15] and 'stroke-like 
episodes' [2, 5] have been described, no blood vessel 
abnormalities in CNS were found in autopsied patients. 
From the present study, however, it is likely that vascular 
involvement in CNS does exist and explains, at least in 
part,  the neuronal  loss and the multiple ischemic lesions 
m MERRF. 

Focal CCO deficiency in muscle biopsy is a constant 
histochemical change in M E R R F  patients [16]. In 
addition, as we have shown, this enzyme activity was 
also absent in the arteriolar smooth cells. Therefore ,  
CCO deficiency seems to relate to the pathomechanism 
to induce M E R R F  symptoms, although it remains 
unknown how a point mutat ion in tRNALy s leads to the 
enzyme defect. 
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