




















Brenda E. Ryman

TYPE V (MUSCLE PHOSPHORYLASE
DEFICIENCY)
There are now 27 patients described in the literature
with muscle phosphorylase deficiency (type V); most
of them are documented by Brown and Brown (1968)
and by Howell et al (1972). Further cases have been
described by Nixon, Hobbs, and Greenblatt (1966)
in which myoglobinuria was a dominant feature,
by Schimrigk, Mertens, Richer, Fuhr, Eyer, and
Pette (1967) who reported on a 46-year-old woman
and her daughter both of whom showed primary
insufficiency of the uterine muscle as well as loss of
enzyme activity from skeletal muscle. One possibility
of cardiac muscle involvement in these cases is con-
sidered. Slater, Adamson, and Pearce(1967) described
afamily with four cases, one ofwhomshowedapartial
defect, and Gruener et al (1968) who, in one case,
studied single muscle fibre contraction. Thesepatients
show limited ability to perform strenuous exercise,
which leads to painful cramps and of tenmyoglobin-
uria and raised levels of several enzymes, including
lactate dehydrogenase and creatine phosphokinase.
No hypoglycaemia is present, and there is a normal
elevation of blood glucose after glucagon injection, a
result to be expected since the liver phosphorylase is
not affected. Cardiac symptoms are not usually
observed, but abnormal ECG patterns have been
recorded (see Salter, 1968; Dawson, Spong, and
Harrington, 1968). There are several reports of
histological studies of muscle in McArdle's disease:
two of them report the association of glycogen with
mitochondria (Schotland, Spiro, Rowland, and
Carmel, 1965; Gruener et al, 1968).

Muscle biopsies from these patients show elevation
of glycogen of normal structure, and an absence of
phosphorylase. Platelets having three phosphorylase
isoenzymes, one of which is similar to the muscle
enzyme, seemed an attractive alternative source of
'biopsy' material for diagnosis. However, on examin-
ation of platelet phosphorylase from a McArdle
patient and his family, there appeared to be no
diminution of the level of activity compared with
normal (Ryman and Chung, 1969). Phosphorylase
activity is not lost from the skin in type V (Leathwood
and Ryman, 1971) or from cultured fibroblasts
(Dreyfus and Alexandre, 1971).

It is perhaps surprising that patients with this
disorder frequently do not show symptoms before 10
years of age, and indeed often report athletic prowess
in earlier life. In this context it is of considerable
interest that Roelofs, Engel, and Chauvin (1972) have
reported histochemical phosphorylase activity in
muscle cells in culture from a type V glycogen storage
disease patient. Furthermore, Dreyfus and Alexandre
(1971) have observed in one of the two patients with
McArdle's disease whom they studied that immuno-

logically reactive phosphorylase protein was present.
Treatment of McArdle's disease involves the

avoidance of strenuous exercise.. Some suggestion
regarding the use of the free fatty acid mobilizer-
isoproterenol-has been made (Pernow, Havel, and
Jennings, 1967); this may make available more
substrate for muscle work.

TYPES VI, VIII, AND IX (LIVER
PHOSPHORYLASE AND RELATED
DEFICIENCIES)
Hers and Van Hoof (1968) originally suggested this
group, VI, to accommodate those patients with
hepatomegaly, high liver glycogen, and low (less than
25%) liver phosphorylase, and they regarded the
group as a 'waiting room' for further elucidation of
the exact defect. It will be appreciated that the
phosphorylase activation cascade system, which is
briefly summarized below, lends itself to many
subgroups leading to low phosphorylase levels since
in muscle, and almost certainly in liver also, a
cyclic AMP-dependent kinase is involved in activa-
ting phosphorylase kinase which then brings about
the conversion of phosphorylase b -- a.

cyclic 3'5' AMP dependent kinase

inactive phospho rylase kinase4
active phosphorylasekinase

phosphorylase b phosphorylase a
The phosphorylase defect in muscle alone (type V

glycogen storage disease) is quite clear and distinct;
however, the phosphorylase defect in liver alone, or
in liver and muscle, is more confused although the
mist is clearing.

Huijing (1967, 1970a and 1970b) has subdivided
type VI and, based on his studies of leucocyte
preparations from patients with low phosphorylase
and their families, he has concluded that two sub-
groups can be made by leucocyte examination:
type VIa, low phosphorylase and low phosphorylase
kinase; type VIb, low phosphorylase and normal
phosphorylase kinase.

Huijing and his colleagues (Wagner, Huijing, and
Porter, 1971) conclude that leucocytes are more
reliable for assay than liver tissue in type VI in some
cases where genetic studies are being made. Fern-
andes and Huijing (1969) and Huijing (1970a) have
studied the genetics of type VI and conclude that
type VIa is a sex-limited disorder involving mother
to son and never father to son transmittance.
Hug, Schubert, and Chuck (1970a) are not con-

vinced that the interpretation of the results on
leucocyte studies and genetic inheritance are entirely
valid, as they believe the defect is not always
expressed in the leucocytes. Ockerman, Jelke, and
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The glycogen storage diseases

Kaijser (1966) did not find lowered leucocyte
phosphorylase a constant feature of the patients they
studied. It must be pointed out that Huijing (1967)
has emphasized that assays for phosphorylase
activity in leucocytes must be conducted in the total
absence of AMP if meaningful data are to be
obtained. Hug and his colleagues have reported
several patients where the defect involves the
differing aspects of the cascade of enzymes discussed
above, and they have classified them accordingly:-

TYPE VIII
Glycogen storage disease characterized by degenera-
tive brain disease and by lack of proper activation of
the hepatic phosphorylase system whose enzyme
components appear to be normal (Hug, Garancis.
Schubert, and Kaplan, (1966). A similar case has
been documented by Ludwig, Wolfson, and Rennert
(1972).

TYPE IX
This type (Hug, Schubert, and Chuck, 1966 and
1969, Morishita, Nishiyama, Yamamura, Kodama,
Negishi, Matsuo, Matsuo, and Nishizuka, 1973)
denotes deficiency of phosphorylase kinase in liver
and low phosphorylase in this tissue. The muscle
enzymes are normal. This group has been further
subdivided by Hug, Sper, and Schubert (1973) into
IXa, in which the kinase, while diminished in
amount, has a normal Km, and type IXb, where again
it is diminished and also shows a change in Km. This
type IX group will surely eventually be combined
with Huijing's subgroup VIa. Hug, Schubert, and
Chuck (1970b) have described yet another possible
type in the phosphorylase defect which is character-
ized by accumulation of glycogen in both muscle
and liver and involving the loss of cyclic 3'5' AMP-
dependent kinase in muscle.

Studies on fibroblasts of type VI patients have
been made (see Brown and Brown, 1972). Recently
Mathieu, Collombel, and Cotte (1972) have indicated
that these cells from patients with type VI do not
show low phosphorylase activity.

Koster, Fernandes, Slee, van Berkel, and
Hulsmann (1973) have reported a biochemical study
on the hepatic phosphorylase deficiency, and have
put forward diagnostic procedures for the differential
diagnosis of phosphorylase and phosphorylase
kinase deficiency.

TYPE VII (MUSCLE PHOSPHOFRUCTOKINASE
DEFICIENCY)
Tarui, Okuno, Ikura, Tanaka, Suda, and Nishikawa
(1965) first described this glycogenosis which, while
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resembling type V very closely in its clinical features,
nevertheless is associated with a total lack of muscle
phosphofructokinase (the key enzyme of glycolysis),
and with an elevation of glycogen in muscle. The
increase of glycogen is thought to arise partly from
the block in the glycolytic pathway, but also maybe
from enhanced synthesis, as the authors observed an
increased activity of both UDPG pyrophosphorylase
and glycogen synthetase. Layzer, Rowlands, and
Ranney (1967) have described a patient with this
rare disorder, which appears to be inherited as an
autosomal recessive. They have shown that there was
no cross reaction between the muscle extract from
the patient and an antibody raised against human
phosphofructokinase, indicating an absence of the
enzyme rather than the production of an inactive
protein. The phosphofructokinase activity of erythro-
cytes shows at least two isoenzymes, one of which is
the muscle type; the erythrocyte phosphofructo-
kinase of the type VII patients and their relatives
appears to be reduced.

UNCLASSIFIED GLYCOGEN STORAGE
DISEASES
Dykes and Spencer-Peet (1972) have reported further
studies on a patient which they earlier documented as
having marked hypoglycaemia, low levels of liver
glycogen, and a lack of glycogen synthetase in this
tissue. A deficiency of phosphoglucomutase in
muscle was reported by Thomson, MacLaurin, and
Prineas (1963). Shen, Edstrom, and Larner (1972)
have reported an unusual glycogen storage disease
in which the glycogen present is not only in excess
but has a very poor primer activity in the synthetase
reaction and that, in consequence, there is a build up
of glycogen of a low molecular weight which does not
exert the normal inhibitory action on glycogen
accumulation.

Conclusions

The milestone for accurate laboratory diagnosis of
the glycogen storage disease has surely been reached.
Suitable sensitive techniques, specific substrates, and
care with biopsies results in accurate diagnosis. Once
a diagnosis is firmly established, suitable treatment
to counteract unwanted symptoms can be instigated
(see Spencer-Peet et al, 1971). What then for the
future if we are to move forward ? The two
glycogen storage diseases, types II and IV, present
us with the greatest challenge as, without further
advances, these children will die in the first year in the
case of type II and in the first two years of their life
in the case of type IV.

Severe type I cases will remain a risk and a prob-
lem to their parents to look after since their feeding
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regime, necessary to counteract the hypoglycaemia,
is demanding both day and night. A recent report by
Tze, Crigler, and Folkman (1972) of a constant
glucose infusion pump for the maintenance of blood
glucose in cases of type I glycogen storage disease
has been greeted with enthusiasm, and looks hopeful
to overcome the problem of delayed growth in these
children which Fine, Frasier, and Donnell (1969)
have suggested is due, in part, to low glucose levels.
Portacaval shunts to bypass the liver and thereby,
hopefully, to avoid further glycogen deposition are
receiving further attention and look promising
coupled with prolonged hyperalimentation before
surgery (Folkman, Philippart, Tze, and Crigler,
1972). The platelet defect observed in type I may also
respond to such hyperalimentation (Czapek, Deykin,
and Salzman, 1972).

Genetic engineering, regarded by many as highly
undesirable will, however, surely be exploited in the
future, but how far off this is we do not know.
Meanwhile, in the field of glycogen storage diseases,
attempts have been made to replace the missing
enzyme activity by intravenous administration of a
fungal enzyme of high purity which is capable of
completely degrading glycogen (Baudhuin et al,
1964; Hug and Schubert, 1967; Lauer, Mascarinas,
Racela, Diehl, and Brown, 1968; and Fernandes and
Huijing, 1968). Preliminary reports along these lines,
but utilizing a human placental cx-glucosidase, have
been reported by Hers and de Barsy (1973). Such
enzyme replacement therapy in children who were
surely to die were, however, without clear-cut benefit.
The problem of injecting unshielded protein is

fraught with difficulties, one of which is the possible
immunological response. We have been investigating
the possibility of entrapping enzymes of potential
therapeutic use in physiologically acceptable lipid
layers (called liposomes). Such sequestering of the
enzyme results, upon intravenous injection into rats
of liposomes containing the enzyme, in their rapid
disappearance from the circulation. In the serum the
enzyme remains inside the lipid envelope and thus it
is not able to interfere with the normal function of
the blood components. The rapid disappearance
from the serum is accompanied by uptake by the liver
(parenchymal and Kupffer cells are both apparently
involved) and by the spleen. The enzyme so entrap-
ped can eventually be found in the lysosomes of the
liver. This work (Gregoriadis, Leathwood, and
Ryman, 1971; Gregoriadis and Ryman, 1972a and
b), which is still in its early stages, encourages us to
think that liposomes may be a possible way of
delivering enzymes into defective cells and may be
important in the therapy of storage diseases,
particularly those where the lysosomes are involved,
such as the liver type II glycogen storage disease.

Brenda E. Ryrnan

Many problems still need to be answered. For
example, type I glycogen storage disease poses many
problems and the activity of the missing enzyme
glucose-6-phosphatase and its physiological sig-
nificance is poorly understood (for review of glucose-
6-phosphatase see Ryman and Whelan, 1971).
Glucose-6-phosphatase requires phospholipids for
its activity and in vivo is firmly bound to the endo-
plasmic reticulum. The enzyme has never been
satisfactorily purified due to this membrane depen-
dency, although such work is under consideration
(Garland and Cori, 1972). It may be questioned
whether type I glycogen storage disease is a true
glucose-6-phosphatase deficiency; could it be that
some structural component of the endoplasmic
reticulum which is required by the enzyme is missing?
Such a possibility has been considered by
Gluecksohn-Waelsch and Cori (1970), and more
recently by Spycher and Gitzelmann (1971 and 1972),
who have reported abnormalities of the endoplasmic
reticulum in parenchymal cells obtained from the
liver and from a stemmed liver tumour from a type I
glycogen storage disease patient. They described this
abnormality as an uncommon type of vesiculation of
the rough endoplasmic reticulum, and it is perhaps
of some interest that Stetten and Ghosh (1971) found
that the rough areas of endoplasmic reticulum were
associated with the more active form of glucose-6-
phosphatase. Several observations, both on glucose-
6-phosphatase-deficient mice (Russell, Cori, and
Gluecksohn-Waelsch, 1970; and Gluecksohn-
Waelsch and Cori, 1970) and on the enzyme level of a
parent of two type I glycogen storage disease children
(Ryman and Chung, 1969), suggest that a simple
autosomal recessive mechanism would not easily
satisfy the observations.
Type II glycogen storage disease also possesses

problems since several authors (see de Barsy and
Hers, 1973; and Eto and Takeuchi, 1973) have
observed that glycogen is not the only substance
that accumulates, but also a basophilic metachro-
matic type or material. The missing cx-glucosidase
might well be involved in the catabolism of such a
substance or, alternatively, a further, hitherto
unobserved, defect may be present. It is of consider-
able interest that Hallgren, Hansson, Henriksson,
Hager, Lundblat, and Svenssons (1974, personal
communication) have observed the excretion of a
tetrasaccharide in the urine of a type II patient.

In type V glycogen storage disease (lack of muscle
phosphorylase) it has been reported that muscle
fibres from an affected patient grown in culture
regain their phosphorylase (Roelofs et al, 1972). It is
possible that the well documented observations that
type V glycogen storage disease patients often
appear quite normal until their teens may be
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explained by the development of some factor which
represses the production of the enzyme or leads to its
inactivation, and this factor is lost or overcome in
culture? It is conceivable that the muscles oftype VII
glycogen storage disease patients can manage with-
out the key enzyme of glycolysis, phosphofructo-
kinase, or are there other pathways in muscle for
metabolising glucose that have up to date been
considered of only very minor interest?

There is little doubt that biochemistry and
medicine advance together, and the glycogen storage
diseases are a good example of this. Up to 1956 it was
firmly believed that phosphorylase catalysed both the
synthesis and degradation of glycogen. However,
type V glycogen storage disease appeared to be an
anomalous condition in which excessive glycogen
was stored in spite of the total absence of phos-
phorylase. This fact, and many other considerations,
led to the work of Leloir and Cardini (1957) who
showed that two separate pathways for synthesis
and degradation existed. It is to be hoped that
collaboration in the two fields will continue and that
the glycogen storage diseases and their study will
continue to contribute to our knowledge of bio-
chemistry, and that biochemistry will continue to
further our understanding of the clinical aspects of
these disorders.

Financial support from the Wellcome Trust is
gratefully acknowledged.
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