
ABSTRACT: We studied two siblings with a mitochondrial myopathy, fa-
milial thiamine deficiency, and an A3243G mutation of the mitochondrial
DNA (mtDNA). The elder brother (patient 1, now 36 years old) developed
myopathy and beriberi heart at 20 years of age. Thiamine therapy resolved
the cardiac symptoms and hyperpyruvicemia and improved the myopathy.
The younger brother presented aged 19 years with a myopathy (patient 2,
now 35 years old). Thiamine deficiency was present in the siblings and
parents, and ragged-red fibers (RRFs) were noted in muscle biopsies from
the siblings. Analysis 17 years later demonstrated thiamine malabsorption
and an A3243G mutation of the mtDNA in both siblings and their mother,
progressive myopathy, and an increased number of RRFs and elevated
serum CKMB activity in patient 1. Thiamine treatment decreased the serum
concentrations of lactate and pyruvate in patient 2, but not patient 1. The role
of thiamine in mitochondrial dysfunction caused by an electron transfer dis-
order in the setting of A3243G mtDNA mutation is discussed.
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An A–G transition mutation in nucleotide 3243 of
the mitochondrial DNA (mtDNA) is the most com-
mon cause of mitochodrial encephalopathy, lactic
acidosis, and stroke-like episodes (MELAS).10 Re-
cent studies have shown that chronic progressive ex-
ternal ophthalmoplegia,14 diabetes mellitus,22 hyper-
trophic cardiomyopathy,2,10,12,13,21 sensorineural
hearing loss,10,14 neuropathy,11 and mental retarda-
tion10,14 can also be caused by the same mutation.

However, many carriers of the mutation have only
minor symptoms.

Although hereditary thiamine-responsive lactic
acidemia in the setting of pyruvate dehydrogenase
complex (PDHC) deficiency has been reported,17,18

little is known about an A3243G mutation of mtDNA
in the setting of familial thiamine deficiency which is
associated with mitochondrial myopathy, cardiac in-
volvement, and increased blood lactate and pyruvate
concentrations. In this report, we describe a unique
skeletal myopathy in siblings with familial thiamine
deficiency and an A3243G mutation of mtDNA who
have been followed for 17 years.

PATIENTS

Patient 1 (Index Case). This 36-year-old man was
the first child of parents who were second cousins.
He had a normal birth and childhood development.
At 15 years of age, he developed bilateral lower ex-
tremity edema which resolved with oral antidiuretics.
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At 20 years of age, his blood thiamine concentration
was found to be as low as 34 ng/mL (normal: 50 to
70 ng/mL). At that time, he developed dyspnea, ab-
dominal distension, and lower extremity edema,
prompting admission to hospital.

On admission, his pulse was 105 per min, blood
pressure was 140/10 mm Hg, and body weight was 57
kg. Physical examination revealed a II/VI systolic
murmur that radiated to the apex, ascites, a smooth
liver edge 3 cm below the right costal margin, and
bilateral lower extremity edema. Neurologic exami-
nation revealed muscular atrophy and moderate
weakness (MRC grade 3) in all four limbs and the
neck. His right hand grip strength was 19 kg. The
tendon reflexes were diminished. No other neuro-
logic deficits were noted.

Electrocardiography demonstrated sinus tachy-
cardia at a rate of 110 per min, with ST segment
elevation in leads I, aVL, and V1–V3. Chest radiogra-
phy revealed moderate cardiomegaly (cardiothorac-
ic ratio: 63%). Cardiac catheterization revealed an
increased cardiac index (3.71 L/min/m2) and nor-
mal atrial and ventricular pressures. Laboratory tests
revealed increased fasting serum levels of the follow-
ing enzymes and metabolites: asparate aminotrans-
ferase, 65 U/L (normal: 10 to 40 U/L); lactate de-
hydrogenase, 901 U/L (normal: 40 to 200 U/L);
creatine kinase (CK), 730 IU/L (normal: 62 to 287
IU/L); lactate, 34.7 mg/dL (normal: 4 to 16 mg/
dL); and pyruvate, 1.78 mg/dL (normal: 0.3 to 0.9
mg/dL). Concentrations of protein, lactate (13.3
mg/dL), and pyruvate (0.82 mg/dL) were normal in
the cerebrospinal fluid. Motor nerve conduction was
normal in the ulnar and anterior tibial nerves. Brain
computed tomography demonstrated no abnormali-
ties.

Muscle biopsy specimens had increased subsarco-
lemmal succinate dehydrogenase activity. Further-
more, the percentage of ragged-red fibers (RRFs)
was elevated to 12% (normal #3%, Fig. 1A). Heart
muscle biopsy specimens obtained at the cardiac
catheterization during the episode of heart failure
demonstrated myocardial cell hypertrophy, myocar-
dial fiber disarray, interstitial fibrosis, an increased
collagen tissue content with mild vacuolar degenera-
tion (Fig. 1B), focal fiber necrosis, and lipid droplet
accumulation reflecting myocardial cellular degen-
eration. Ultrastructural examination revealed abnor-
mal swollen mitochondria with degenerating cristae
(Fig. 1C).

Treatment with oral benzoylthiamine monophos-
phate (75 mg/day) resulted in resolution of the car-
diac murmur, cardiomegaly, tachycardia, ascites,
and edema, and in normalization of the electrocar-

diogram and the chest radiograph within a few
weeks. At that time, the laboratory abnormalities had
also normalized, and the concentrations of lactate
(18.7 mg/dL) and pyruvate (1.20 mg/dL) decreased
markedly. The previous liver dysfunction was
thought to be caused by cardiac failure. Muscle
strength also improved to grade 4. Treatment with
benzoylthiamine monophosphate was continued for
4 months and then stopped for 4 months. During
this period, muscle strength remained stable, al-
though he again developed tachycardia.

Oral dicarbethoxythiamine (125 mg/day) was
given for 4 months to characterize further the pa-
tient’s thiamine deficiency. Serum CK activity was
elevated (676 IU/L) before treatment and normal-
ized after therapy (143 IU/L), when blood concen-
trations of lactate and pyruvate also normalized.
Then, thiamine therapy was discontinued, and the
patient was discharged and returned to normal daily
activities at 21 years of age without thiamine supple-
mentation.

He was not followed until he was 30 years of age,
when he presented to our hospital complaining of
palpitations and weakness which had lasted for sev-
eral years. His body weight had decreased to 43 kg.
His blood pressure was 90/48 mm Hg, and his pulse
was 116 per min. Moderate proximal limb muscular
atrophy and weakness (MRC grade 3) were observed,
and his right hand grip strength was 30 kg. Blood
lactate (45.0 mg/dL) and pyruvate (1.77 mg/dL)
concentrations were increased but the serum CK ac-
tivity was normal (81 IU/L). Chest radiography re-
vealed a normal heart size.

In 1998, at 36 years of age, the patient had rela-
tively severe muscle atrophy and weakness of the
limbs, trunk, and neck (MRC grade 2). His right
hand grip strength had decreased to 17 kg. He had
mild atrophy of the facial muscles. The plasma con-
centrations of lactate (20.6 mg/dL) and pyruvate
(1.25 mg/dL) were increased. The serum CK activity
was normal (20 IU/L), although the CKMB fraction
was 20% (normal: <5%). Chest radiography and
echocardiography revealed no abnormalities. Motor
and sensory nerve conduction velocities were normal
in the peroneal, tibial, ulnar, and median nerves. A
second biceps biopsy specimen showed myopathic
changes with 50% RRFs in the type 1 fibers (Fig. 1D).
There was normal cytochrome c oxidase activity and
no highly reactive staining for succinate dehydroge-
nase in the blood vessels. Brain magnetic resonance
imaging showed no abnormalities. Four weeks of
high-dose intravenous prosulthiamine therapy (50
mg/day) did not decrease the blood concentrations
of lactate or pyruvate.
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Patient 2. Patient 2 was the younger brother of
patient 1. He had a normal birth and childhood. At
15 years of age, he began experiencing lower ex-
tremity edema. He presented to our hospital at 18
years of age. His pulse was 85 per min and blood
pressure was 148/40 mm Hg. His neurologic exami-
nation was normal except for mild proximal muscu-
lar atrophy. The blood concentrations of lactate
(19.3 mg/dL) and pyruvate (1.24 mg/dL) were el-
evated. The serum CK activity was 234 IU/L. Biceps
muscle biopsy revealed changes similar to those
found in patient 1. The percentage of RRFs was in-
creased to 12%. At 18 years of age, the patient re-
ceived 4 months of oral dicarbethoxythiamine
therapy (125 mg/day), which normalized the blood
lactate and pyruvate concentrations (11.5 mg/dL

and 0.92 mg/dL, respectively). He subsequently did
well without medical therapy.

He was not followed until he was 35 years of age,
when he presented to our hospital for the second
pedigree analysis. At that time, mild muscular atro-
phy in the extremities and shoulder girdle were ob-
served. Plasma concentrations of lactate (34.5 mg/
dL) and pyruvate (1.48 mg/dL) were increased, and
serum CK activity was elevated (396 IU/L). The
CKMB fraction was increased to 7%. Electrocardiog-
raphy revealed left bundle branch block. However,
chest radiography and echocardiography revealed
no abnormalities.

Parents. Neither parent had physical or neurologic
abnormalities in 1981. The patients’ mother had a

FIGURE 1. (A) Left biceps muscle biopsy specimen from patient 1 at 20 years of age demonstrating ragged red fibers at a frequency of
3 to 12% (modified Gomori trichrome stain, ×50). (B,C) Endomyocardial biopsy specimen from patient 1 obtained during an episode of
heart failure showing enlarged myocardial cells, disarray of myocardial fibers, interstitial fibrosis, increased collagen tissue with mild
vacuolar degeneration (B, H&E stain, ×40) and abnormal, swollen mitochondria with degenerating cristae (C, electron-microscopic
findings, ×27,000). (D) A right biceps muscle biopsy from patient 1 obtained at 36 years of age demonstrating an increase in the
percentage of ragged red fibers. The increased number of ragged red fibers results in a different appearance compared to that of 17 years
earlier (modified Gomori trichrome stain, ×50).
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history of leg edema, palpitations, and dyspnea, all of
which improved with thiamine treatment. Further-
more, she had been diagnosed with beriberi heart
disease at 20 years of age. Plasma concentrations of
lactate and pyruvate and the serum CK activity were
normal in both parents.

The second pedigree analysis was performed in
1998. At that time, the patients’ parents were still
asymptomatic and had normal neurologic examina-
tions. Plasma concentrations of lactate and pyruvate
and the serum CK activity were normal in the par-
ents. Electrocardiography revealed atrial premature
contractions in the mother. Chest radiography and
echocardiography revealed no abnormalities.

METHODS

Thiamine Metabolism. Thiamine metabolism was
evaluated by determining blood transketolase activ-
ity (TKA)15 and the response to the addition of thia-
mine pyrophosphate to the assay medium (TPP ef-
fect).1 Before the initiation of benzoylthiamine
monophosphate therapy, the first assessment was
performed in 1981 in patient 1. Thiamine metabo-
lism was also evaluated before and after the dicarbe-
thoxythiamine therapy when patient 1 was 20 years
old (1981). In the same year, but at a different time,
thiamine metabolism was evaluated in the other
three family members.

At the time of the second pedigree analysis
(1998), the increase in blood thiamine concentra-
tion was assessed in healthy individuals (n = 14), and
all four family members 1 week after the administra-
tion of oral thiamine (75 mg of fursulthiamine hy-
drochloride per day). In addition, the TKA and TPP
effects were evaluated before and after thiamine
loading in the family members.

Mitochodrial Function and Mitochondrial DNA Analy-
sis. Activities of skeletal muscle enzymes including
PDHC, pyruvate decarboxylase (PDC), a-ketogluta-
rate dehydrogenase (KGDH) complex, and a-keto-
glutarate decarboxylase (KGDC) were assessed in
the first muscle biopsy specimens from the siblings.5

Oxidative phosphorylation complex activity was mea-
sured in the supernatant of a homogenate from the
second muscle biopsy6 in patient 1 (36 years of age).
Also, the activities of PDHC in cultured lymphoblast
cells from patient 1 were assayed under three differ-
ent conditions [basal, sodium dichloroacetate
(DCA) activated, and total] and at two different con-
centrations of TPP (0.4 mM and 1 × 10−4 mM).18

After informed consent was obtained from all
family members, mtDNA was extracted from periph-

eral blood obtained from all four family members,
and from peripheral blood and biopsied muscle
sample obtained from patient 1 in 1998. mtDNA was
analyzed by Southern blot analysis and PCR amplifi-
cation followed by restriction enzyme digestion
(PCR-RFLP).19

RESULTS

Thiamine Metabolism. At the time of the first as-
sessment of patient 1 in 1981, a low blood concen-
tration of thiamine (29 ng/mL) and low TKA (286
µg/mL. RBC/h, normal: 500 to 1,000 µg/mL. RBC/
h) were noted (Table 1) in addition to a strong TPP
effect (102.6%: normal: 0 to 15%). Four months af-
ter the discontinuation of benzoylthiamine mono-
phosphate treatment, a low blood thiamine concen-
tration (19 ng/mL), low TKA (343 µg/mL. RBC/h),
and a high TPP effect (119.1%) were once again
observed. Furthermore, blood lactate and pyruvate
concentrations were elevated (36.1 mg/dL and 1.92
mg/dL, respectively). After 4 months of dicarbe-
thoxythiamine therapy, the blood thiamine concen-
tration (351 ng/mL) and TKA (633 µg/mL. RBC/h)
increased, and the TPP effect (14.1%) decreased.
Furthermore, the blood concentrations of lactate
and pyruvate decreased (15.2 mg/dL and 0.88 mg/
dL, respectively). In 1981, both the blood thiamine
concentrations and TKA were lower in the other
three family members. The TPP concentration was
high in the mother (Table 1). The mean thiamine
intake for the family members was 1.02 mg per day,
which is similar to the recommended daily allowance
in Japan (1 mg/day). None of the four family mem-
bers consumed excessive amounts of alcohol or ate
an unbalanced diet.

Table 1 summarizes the effects of oral adminis-
tration of thiamine (75 mg daily of fursulthiamine
hydrochloride) for 1 week at the time of the second
pedigree analysis (1998). In healthy control indi-
viduals (n = 14), 1 week after the oral administration
of thiamine, the blood thiamine concentration in-
creased from 87 ± 28 to 490 ± 264 ng/mL. Before
thiamine loading, the blood thiamine concentration
was low but within the normal range in patient 1,
and abnormally low in the parents and patient 2.
The TKA remained low in patient 2 after thiamine
loading, but was normal in the three other family
members. An increased TPP effect was observed only
in patient 2. After the 1-week loading period, the
blood thiamine concentration increased minimally
in the siblings and in their mother (1.6-fold in pa-
tient 1, 2.3-fold in patient 2, and 1.5-fold in the
mother), but increased 4.6-fold in the father. The
blood concentrations of lactate and pyruvate de-
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creased, and the TKA, TPP effect, and serum CK
activity normalized in patient 2. These changes were
not observed in patient 1. The CKMB fraction re-
mained elevated in both siblings.

Mitochodrial Function and Mitochondrial DNA Analy-
sis. In the first muscle biopsy sample from the sib-
lings, the index patient had low PDHC activity (0.327
nmol/min/mg protein) compared to five healthy in-
dividuals (0.518 ± 0.161 nmol/min/mg protein),
whereas the activities of PDC (0.137 nmol/min/mg
protein), KGDH complex (0.316 nmol/min/mg
protein), and KGDC (0.707 nmol/min/mg protein)
in the index patient were similar to the values ob-
tained in healthy individuals (0.175 ± 0.059 nmol/
min/mg protein for PDC, 0.415 ± 0.109 nmol/min/
mg protein for KGDH complex, and 0.854 ± 0.208
nmol/min/mg protein for KGDC, n = 5). Patient 2
had decreased activities of PDHC (0.152 nmol/min/
mg protein) and PDC (0.030 nmol/min/mg pro-
tein) in the biopsied muscle.

The activities of complex I+III (8.51 µmol/
min/g tissue), complex II+III (3.04 µmol/min/g tis-
sue), and complex IV (5.61 µmol/min/g tissue)
were normal as compared to 20 healthy individuals
(7.80 ± 1.94 for complex I+III, 2.07 ± 0.62 for com-
plex II+III, and 7.55 ± 2.47 for complex IV, n = 20).
However, citrate synthase activity was increased
about threefold (patient: 28.86 µmol/min/g tissue;
controls: 9.03 ± 1.64 µmol/min/g tissue, n = 20).
The PDHC activity in cultured lymphoblast cells

from normal individuals and the index patient was
assayed under three different conditions (basal,
DCA-activated, and total) and at two different con-
centrations of TPP (0.4 mM and 1 × 10−4 mM).19

When assayed in the presence of 0.4 mM and 1 ×
10−4 mM TPP, the DCA-activated activity of patient 1
was within a normal range (5.81 and 3.90 nmol/
min/mg, respectively; controls: 4.07 ± 0.68 and 3.90
± 0.34 nmol/min/mg, respectively, n = 10).

No large DNA deletions were detected by South-
ern blot analysis. However, an A–G heteroplasmic
point mutation at np3243 (tRNALeu (UUR)) was de-
tected by PCR-RLFP and confirmed by direct se-
quencing of the mtDNA. The percentages of mutant
mtDNA in peripheral blood and in biopsied muscle
in patient 1 were 87 and 96%, respectively. The per-
centages of mutant mtDNA in peripheral blood in
patient 2 and his mother were 89 and 57%, respec-
tively.

DISCUSSION

The siblings in this report had an A3243G mutation
of mtDNA which was characterized by a mitochon-
drial myopathy and an associated familial thiamine
deficiency. Recurrent lower extremity edema devel-
oped in the siblings at 15 years of age, which is when
thiamine requirements become the greatest (i.e., in
the second and third decades of life), because the
thiamine requirement for humans is 0.5 mg/1,000
kcal/day.20 The recommended daily thiamine re-
quirements for Japanese males between 15 and 22

Table 1. First and second pedigree blood and serum analyses of the affected family.

Case
Age

(years)

Thiamine
(ng/mL)
(50–70)

TKA
(µg/mL.RBC/h)

(500–1,000)

TPP effect
(%)

(0–15)

Lactate
(mg/dL)
(4–16)

Pyruvate
(mg/dL)
(0.3–0.9)

CK
(U/L)

(62–287)

CK MB
(%)

(0–5)
Heart
rate

Patient 1 *20 29 286 102.6 34.7 1.78 730 — 64
†20 19 343 119.1 36.1 1.92 676 — 89
‡20 351 633 14.1 15.2 0.88 143 — 68
\36 57 564 10.2 20.6 1.25 100 20 100

¶36 93 590 11.0 24.6 1.29 250 16 102
Patient 2 §18 22 439 14.5 19.3 1.24 234 — 62

\35 38 453 18.9 34.5 1.48 396 7 76
¶35 86 542 9.4 22.8 1.19 253 11 68

Father §48 28 248 14.5 8.8 0.64 172 — 60
\65 32 514 10.5 10.9 0.80 82 2 54

¶65 148 532 7.8 13.6 1.11 111 0 58
Mother §46 39 363 50.9 9.1 0.77 158 — 62

\63 46 627 12.6 8.4 0.65 132 5 62
¶63 69 754 6.4 8.4 0.70 225 3 60

*The first analysis performed during an episode of high output cardiac failure (1981).
†,‡Before and after dicarbethoxythiamine therapy (1981). Values before (†) and after (‡) oral thiamine therapy (125 mg dicarbethoxythiamine per day
for 4 months, 1981).
§First pedigree analysis (1981).
Values before (\) and after (¶) oral thiamine loading (75 mg/day for 1 week, 1998).
TKA, transketolase activity; TPP effect, thiamine pyrophosphate effect on transketolase activity.
Normal ranges indicated in parentheses.

A3243G Mutation and Thiamine Deficiency MUSCLE & NERVE July 2000 1073



years of age is 1.3 mg/day compared to 1.4 and 1.5
mg/day for males in the USA.9 In the present study,
the first pedigree analysis demonstrated thiamine
deficiency in the siblings and their parents. Further-
more, high-output cardiac failure caused by beriberi
heart disease in patient 1 was diagnosed based on
low blood concentrations of thiamine, decreased
TKA, and an increased TPP effect.1 The patient’s
symptoms improved significantly with thiamine
therapy.4 During this episode of cardiac failure, gen-
eralized myopathy developed which also improved
with thiamine treatment.

Thiamine is converted to TPP, which acts as a
cofactor for the following mitochondrial enzymes17:
PDC, a component of PDHC which catalyzes the
conversion of pyruvate to acetyl-CoA, and KGDC, a
component of KGDH complex which catalyzes the
conversion of a-ketoglutarate to succinyl-CoA. The
low normal PDHC activity in patient 1 and low ac-
tivities of both PDHC and PDC in patient 2 at the
time of the first pedigree analysis may have been due
to thiamine deficiency, because PDHC and PDC ac-
tivities are generally not affected by an A3243G mu-
tation of mtDNA.8,23,24

The morphologic changes in thiamine-deficient
rat hearts include degeneration, focal necrosis,3,7

and mitochondrial swelling with fragmented cris-
tae16 and cristal disruption.7 In the setting of hyper-
trophic cardiomyopathy caused by the A3243G mu-
tation of mtDNA, myocardial biopsy specimens show
evidence of hypertrophy, cardiomyocyte disarray, in-
terstitial fibrosis,23 myocardial vacuolar degenera-
tion, and increased aggregation of enlarged mito-
chondria with increased numbers of cristae.12,21

Therefore, the myocardial histologic and electron
micrographic abnormalities observed in patient 1
may represent a combination of changes caused by
thiamine deficiency and the A3243G mutation of
mtDNA.

We demonstrated intestinal thiamine malabsorp-
tion in the two siblings and their mother. Because an
insufficient increase in the thiamine concentration
following thiamine loading was not observed in the
father, it is possible that the thiamine malabsorption
represented a clinical manifestation of the A3243G
mutation rather than an autosomal dominant thia-
mine deficiency. Thiamine therapy improved myop-
athy, normalizing serum CK activity, and decreasing
blood concentrations of lactate and pyruvate in pa-
tient 1, and normalized blood lactate and pyruvate
concentrations in patient 2. During the fourth de-
cade of life in patient 2, thiamine deficiency was still
present and thiamine supplementation was effective
in normalizing the serum CK activity and decreasing

the blood lactate and pyruvate concentrations. In
contrast, patient 1 had a low normal thiamine con-
centration, and high-dose intravenous thiamine
therapy did not decrease the blood concentrations
of lactate and pyruvate after 17 years of therapy. The
PDHC activity in cultured lymphoblast cells was nor-
mal in patient 1, suggesting that thiamine deficiency
was not present. The increased citrate synthase ac-
tivity in patient 1 may have been due to enhanced
citric acid cycle activity caused by thiamine supple-
mentation.

These findings in the siblings suggest that a mild
defect in mitochondrial thiamine utilization causes a
thiamine deficiency when the percentage of abnor-
mal mitochondria in skeletal and cardiac muscle is
relatively small. It is possible that subclinical mito-
chondrial dysfunction in skeletal and cardiac muscle
caused by the A3243G mutation may have become
apparent because tricarboxylic acid (TCA) cycle dys-
function developed due to thiamine deficiency in
patient 1 at 20 years of age.

In summary, TCA cycle dysfunction caused by
thiamine deficiency and mitochondrial dysfunction
due to electron transfer chain abnormalities caused
by the A3243G mutation developed in siblings when
their thiamine requirements were at their greatest.20

Treatment with thiamine decreased the blood pyru-
vate concentration by increasing TCA cycle flux.
This treatment improved the myopathy and beriberi
heart disease in patient 1 and decreased the blood
concentrations of lactate and pyruvate in both pa-
tients.

This is the first description of a family with an
A3243G mutation of mtDNA accompanied by famil-
ial thiamine deficiency. Thiamine metabolism must
be analyzed further in other patients with the
A3243G mutation of mtDNA to determine whether
thiamine deficiency is caused by increased thiamine
utilization, and whether thiamine malabsorption is
also present.
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