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Tarui disease and distal glycogenoses: 
clinical and genetic update
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Phosphofructokinase deficiency (Tarui disease) was the first 
disorder recognized to directly affect glycolysis. Since the dis-
covery of the disease, in 1965, a wide range of biochemical, 
physiological and molecular studies have greatly contributed 
to our knowledge concerning not only phosphofructokinase 
function in normal muscle but also on the general control of 
glycolysis and glycogen metabolism. Studies on phosphofruc-
tokinase deficiency vastly enriched the field of glycogen storage 
diseases, making a relevant improvement also in the molecular 
genetic area. So far, more than one hundred patients have been 
described with prominent clinical symptoms characterized by 
muscle cramps, exercise intolerance, rhabdomyolysis and myo-
globinuria, often associated with haemolytic anaemia and hype-
ruricaemia. The muscle phosphofructokinase gene is located on 
chromosome 12 and about 20 mutations have been described. 
Other glycogenoses have been recognised in the distal part of 
the glycolytic pathway: these are infrequent but some may in-
duce muscle cramps, exercise intolerance and rhabdomyolysis. 
Phosphoglycerate Kinase, Phosphoglycerate Mutase, Lactate 
Dehydrogenase, β-Enolase and Aldolase A deficiencies have 
been described as distal glycogenoses. From the molecular point 
of view, the majority of these enzyme deficiencies are sustained 
by “private” mutations.
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Introduction
Phosphofructokinase (PFK) is a key regulatory en-

zyme of the glycolytic cycle that catalyses the conver-
sion of fructose-6-phosphate to fructose-1.6-diphosphate. 
PFK is a complex isozyme consisting of three subunits: 
Muscle type (M), Liver type (L) and Platelet type (P). The 
P type is also known as Fibroblast type (F).

The genes of the PFK-M, PFK-L and PFK-P have 
been assigned, respectively, to human chromosomes 12, 
21 and 10 (1).

PFK deficiency is associated with a heterogeneous 
group of clinical symptoms, mainly characterised by my-
opathy and/or haemolysis or by an asymptomatic condi-
tion (2).

Clinical features
Very recently, a clinical classification has been re-

ported dividing patients with GSD VII into four different 
clinical subclasses: classical form, late-onset form, in-
fantile form and haemolytic form (1). The classical form 
is characterised by exercise intolerance, muscle cramps, 
pain and, sometimes after intense physical efforts, nausea 
and vomiting. It is also possible to observe jaundice ac-
companied by elevated creatine kinase (CK) levels, hype-
ruricaemia, reticulocytosis and increased serum bilirubin. 
The late-onset form presents with cramps and myalgias in 
later life although exercise ability is low already in child-
hood; a mild muscle weakness may appear in the fifth 
decade leading to severe disabilty. Patients with the in-
fantile form may manifest as “floppy babies” and they die 
within the first year of life. They can also show evidence 
of arthrogryposis and mental retardation. The haemolytic 
form presents with hereditary non-spherocytic haemo-
lytic anaemia but with no muscle symptoms.

Morphological features
Muscle biopsies often show internal vacuolization with 

glycogen storage that can be revealed by PAS stain although, 
in some cases, morphological aspects are almost normal. 
Electron microscopy can confirm the glycogen deposition 
in sub-sarcolemmal and inter-myofibrillar areas (3).

Biochemical and molecular 
genetic analysis

PFK enzymatic activity is often virtually lost; con-
sequently glycolytic intermediates, in muscle biopsies, 
showed increased values of glycogen, glucose-1-phos-
phate, glucose-6-phosphate, and fructose-6-phosphate 
whereas fructose-1.6-biphosphate and triose-phosphates 
are decreased. There is no clear correlation between bio-
chemical and clinical aspects; i.e., in a recent series of 
our PFK-deficient patients, in one case we found normal 
rise of serum lactate after ischemic exercise test, sug-
gesting a normal ATP production (4). The genes of PFK-



A. Toscano, O. Musumeci

106

M, PFK-L and PFK-P have been located, respectively, 
on chromosomes 12, 21 and 10. The human PFK-M 
gene is a single copy gene that contains approximately 
30 kb of genomic DNA and 24 exons. The first PFK-M 
gene mutation was described in 1990; it appeared as a 
homozygous mutation causing an in-frame deletion of 
75 bp found in a domain likely encompassing a ADP/
AMP activation site (1). Since then, less than 20 muta-
tions as such as missense mutations, nonsense mutations, 
frameshift mutations and splicing mutations have been 
reported. PFK-M deficiency seems to be prevalent in the 
Ashkenazy Jewish population. The most frequent change 
is a splicing defect at the 5’ donor site of intron 5 result-
ing in an in-frame deletion of the exon 5 sequence in the 
transcript (5). So far, due to the molecular genetic hetero-
geneity, a clearcut genotype-phenotype correlation has 
not been recognized in patients with PFK deficiency.

Distal glycogenoses
These diseases are due to defects of terminal gly-

colysis: the most recurrent symptoms are rhabdomyoly-
sis and exercise intolerance. Phosphoglycerate Kinase, 
Phosphoglycerate Mutase, Lactate Dehydrogenase, 
Enolase and Aldolase A deficiencies have been de-
scribed.

Phosphoglycerate Kinase deficiency

Phosphoglycerate Kinase deficiency (PGK – GSD 
type IX) is a X-linked recessive disorder. Patients present 
with severe muscle cramps after brief and intense physi-
cal exercise. This symptomatology is often accompanied 
by jaundice, haemolytic anaemia and gout arthritis. Some 
patients may show progressive myopathy with myoglob-
inuria and mental retardation. Muscle biopsy often re-
vealed non-specific changes. The enzyme activity is in-
tensely decreased and different molecular changes have 
been documented in this disease (5).

Phosphoglycerate Mutase deficiency

Phosphoglycerate Mutase deficiency (PGAM – GSD 
type X). The onset of the disease is characterized by myal-
gias, myoglobinuria and rhabdomyolysis after strenuous 
muscle exercise. Muscle biopsy may show a mild glyco-
gen storage but can also be non-specific; in a number of 
cases, “tubular aggregates” have been found (6), residual 
enzyme activity is quite low (range 2-10%). The major-
ity of patients were Afro-Americans but also Italians and 
Japanese (6, 7). The gene is located on chromosome 10. 
Molecular genetic analysis revealed one very common 
mutation, a non-sense mutation TGG (Trp) to TAG (stop) 
in many of the Afro-American individuals whereas mis-
sense mutations were detected in Afro-American, Italian 
and Japanese cases (6).

Lactate Dehydrogenase deficiency

Lactate Dehydrogenase deficiency (LDH – GSD 
type XI) has been reported in few Caucasian and Japa-
nese patients with myoglobinuria, myalgias and exercise 
intolerance. The gene has been assigned to chromosome 
12. Only 5 mutations have been reported, so far, in LDH-
deficient subjects (3).

Aldolase A deficiency

Aldolase A deficiency (GSD XII) has been described 
only in one patient (male), in 1996 (8), who complained 
of exercise intolerance, muscle weakness and hyperCK-
aemia. Muscle biopsy was unremarkable and the residual 
enzyme activity was 11%. A missense mutation was con-
sidered pathogenic in this case.

β-Enolase deficiency

β-Enolase deficiency (GSD type XIII) has recently 
been described in an adult patient with easy muscle fati-
gability, myalgias and increased CK values after intense 
physical exertion. The gene involved in the disease maps 
to chromosome 17. Muscle biopsy was considered normal 
but residual enzyme activity was about 5%. The patient 
was heterozygous for two different missense mutations of 
ENO3 gene (9).

Conclusions
Despite the large amount of new information con-

cerning PFK deficiencies and Distal Glycogenoses re-
ported in the last 15 years, a variety of problems remain 
unsolved. In fact, genotype-phenotype correlation is still 
weak and no therapy is available at present. More patients 
and extensive studies in this field are necessary to bet-
ter understand the pathophysiology of these disorders 
and to suggest appropriate treatment options, as recently 
obtained in Pompe disease or Acid Maltase deficiency 
(GSD type II) (10).
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