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Enzymes

The biological sciences
play an important part in
our everyday lives.
Interface deals with the
ways in which biological
knowledge is being used
in our society, for both the
individual and the

Enzyme replacement therapy

expensive).

1 cells contain powerful enzymes that can break

down large molecules. This allows the individual
building blocks from which macromolecules are built
to be recycled. These enzymes are normally kept inside
special organelles called lysosomes, which
prevents them from digesting the rest of the
cell. Without these enzymes, macromolecules
accumulate and produce ‘storage disease’.

Some genetic conditions result in enzyme
deficiency in humans. Until recently, treat-
ment for the disorders caused was aimed only
at improving the quality of life, and not at
curing the sufferer. However, with improved
understanding of the biochemistry of lyso-
somes have come exciting new approaches to the treat-
ment of these severely debilitating conditions.

Lysosomes and lysosomal storage disorders
No part of a cell or tissue is immortal. Even in growing
cells, where macromolecules and organelles are
increasing, membranes, proteins and other constituents
are constantly being degraded. In this continual
turnover of biological polymers, lysosomes play a central

Table 1 Examples of acid hydrolases found in lysosomes

Natural substrates

Proteases
Cathepsins

Collagenase

Peptidases

Proteins
Collagen
Peptides

Polysaccharide-hydrolysing enzymes
B-galactosidase

a-glucosidase

o-mannosidase

Galactosides
Glycogen
Glycoproteins

B-hexosaminidase
Glucocerebrosidase
B-glucuronidase
Lysozyme

Glycolipids
Glycolipids
Glycosaminoglycans
Bacterial cell walls

Lipid-degrading enzymes
Esterase(s)
Phospholipase(s)

Fatty acyl esters
Phospholipids

Nucleases
Acid ribonuclease
Acid deoxyribonuclease

RNA
DNA

When mutation occurs in the gene coding for a key enzyme normally
found in lysosomes, the consequences can be severe. Until recently,
the treatment of such patients has been very limited. However, new
enzyme replacement therapies are now proving effective (but

role. They are present in all cells of the body and a
typical cell has hundreds of them. Lysosomes may vary
in shape and size but they all function as the cell’s ‘recy-
cling centre’. They break down cellular components
such as glycoproteins and glycolipids into simpler
components for reuse by the cell. This is done by a series
of chemical reactions within the lysosome catalysed by
a battery of 50 or more specific lysosomal enzymes —
acid hydrolases (see Table 1).

The inside of the lysosome is acidic, with a pH of less
than 5. Most lysosomal enzymes work best at acid pH
values and are inactive at the neutral pH values of cells
and most extracellular fluids. The acid pH helps to dena-
ture proteins and aids their breakdown by the lysosomal
hydrolases. If a lysosome releases its contents into the
cytoplasm, where the pH is between 7.0 and 7.4, no
degradation of the cytosolic components takes place.

There are approximately 50 different storage
diseases. Most result from a genetic deficiency in the
activity of a specific lysosomal enzyme. One example is
Gaucher disease which results from a deficiency of an
enzyme that is needed to break down some important
intracellular glycolipids. Lack of the enzyme leads to a
build up of these substances in the lysosomes and ulti-
mately the medical problems described in Box 1. )

False-colour transmission electron micrograph of lysosomes
(blue) in a kidney cell. Redundant or damaged organelles
(green/purple) are engulfed and degraded by the lysosomes.
(x50000)
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[image: image2.jpg]Box 1 Gaucher disease: a case history

When Paul was 14 months old, his parents noted that his tummy was prominent.
At first they thought he was just a tubby child, but he then developed worrying
Symptoms such as tiredness and aches and pains in his legs. He looked pale and
Was often 1o tired to play with his sister. When his parents next visited their
doctor, they mentioned their concerns. When the doctor examined Paul she
found his liver and spleen were much larger than normal, filling his abdomen.

Paul was found to have a low red blood cell count (anaemia) and a deficiency of
white blood cells and platelets in his blood. This indicated that Paul's enlarged
spleen was too efficient in removing blood cells from the circulation. A bone
marrow examination suggested the presence of abnormal storage material
within Paul’s bone marrow cells. The exact nature of the disease was confirmed
when enzyme tests on Paul’s white blood cells revealed a severe deficiency of
one of the lysosomal enzymes. He had Gaucher disease.

Paul was started on enzyme replacement therapy, which he receives every
2 weeks through a vein in his hand or arm. He has now been on treatment for
6 years and his liver and spleen have returned to the correct size for his age. Paul
attends a normal school and is making excellent progress. He is able to take part
in all the usual activities at school and there is really no evidence of his Gaucher
disease at all. He now knows he has to have his enzyme treatment for life in
order to stay well.

A Gaucher disease patient with his liver and spleen
marked out.

In all lysosomal disorders, the clinical signs progress
with age and can affect many different organs. Unfor-
tunately, in disorders that affect the brain and nervous
system, mental retardation and severe learning difficul-

As well as variation among disorders, there is also
variation within the same disorder. For instance, genetic
variation produces infantile, juvenile and adult forms of
the same diseases.

ties are common.
Carrier father

Inheritance of these disorders

Individually, these disorders are rare, but as a group

they are relatively common. In some inbred popula-

tions, certain disorders (e.g. Gaucher disease or Tay-

Sachs disease — another condition concerned with

glycolipid breakdown) are relatively common. There

may be one affected baby in every 5000 live births.

The majority of lysosomal disorders are recessive
genetic conditions. In this situation, affected children
have two abnormal genes — one from the father and
the other from the mother.

A few conditions are sex-linked and carried on the
X chromosome. As boys get their X chromosome from
their mother, there is a 50% chance of them inheriting
their mother’s defective gene if she is a carrier for one
of these disorders. Girls too have a 50% chance of inher- Rr
iting their mother’s defective gene, but generally
speaking, daughters have no problems. Even if they
inherit the defective gene, a normal X chromosome
from their father is able to compensate. They are,
however, at risk of passing on the abnormal X chromo-
some to their own children as, like their mother, they
are carriers of the abnormal gene (see Figure 1).

The life expectancy of affected patients varies
tremendously among the different disorders. Some
conditions produce severe symptoms even before the
infant is born, while other conditions cause no symp-
toms throughout life. Generally, there is a correlation
between age of onset, severity and life expectancy.
Those disorders that become apparent early in life and
which involve the central nervous system usually have
a poor prognosis and are difficult to treat.
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Figure 1 Autosomal recessive inheritance.
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Treatment of lysosomal storage diseases
Until recently, the only treatments available for lyso-
somal storage disorders were palliative. They aimed at
improving quality of life, but made no attempt to correct
the underlying disorder. Once we recognised that indi-
vidual lysosomal diseases were the result of a mutation
in the gene coding for a specific lysosomal enzyme, we
could attempt to purify active enzymes and replace
them in patients with the deficiency.

The first attempt to treat lysosomal disorders took
place in the 1970s, when very crude preparations of
enzyme were obtained from normal human tissue and
urine. These efforts were unsuccesstul and not pursued
because of the ditficulties of purifying sufficient amounts
of enzyme.

In the early 1980s, a different kind of therapy was
introduced, involving bone marrow transplantation. The
rationale for this approach was based on laboratory
experiments which had shown that when skin cells
from a patient with a lysosomal enzyme deficiency were
cultured with other skin cells producing the normal
enzyme, the deficiency could be corrected. It looked as
if the enzyme could escape from normal cells and be
taken up into the lysosomes of cells lacking the active
enzyme, so bone marrow from a healthy donor was
used to supply normal cells.

In successful transplantations, the bone marrow
from the healthy donor produces specialised cells called
macrophages, which spread throughout the body.
These cells are rich in lysosomes, play a key role in
phagocytosis and can deliver enzymes to the deficient
cells of the host and partially correct the biochemical
deficiency. The results of bone marrow transplantation
depend on the age of the patient — the younger the
better. However, this approach carries considerable risks
and donors cannot be found for every patient.

Enzyme replacement therapy

Advances in DNA technology in the 1980s and 90s led
to a rediscovery of enzyme replacement therapy (ERT)
as a possible treatment for lysosomal disorders. For the
first time, large amounts of pure enzyme could be made
in the laboratory. Unlike bone marrow transplantation,
ERT has to be a life-long therapy, so enzyme production
needed to be scaled up. The interest of biotechnology
companies in rare enzyme deficiency disorders has
stimulated a great deal of activity.

The first disorder successfully treated was Gaucher
disease. Since the introduction of therapy 10 years ago,
nearly 3000 patients have been treated. ERT has revo-
lutionised the outcome for affected patients. At first, the
enzyme was derived from human placentas but over the
last 5 years, the enzyme has been made by introducing

the human gene into a culture of hamster ovary cells. A
large number of these cells are grown and produce the
required enzyme. Within weeks of starting infusions
with pure enzymes, the liver and spleen of Gaucher
patients become smaller, the blood count improves and
the bones and bone marrow are protected from the
etfects of the disease.

This spectacular success of therapy in Gaucher
disease has rekindled interest in ERT as a treatment for
other lysosomal storage diseases. Other conditions have
been studied and attempts at treatment have under-
gone clinical trials. In Fabry disease, enzyme deficiency
leads to the accumulation of a complex lipid within the
walls of medium-sized blood vessels. This disorder is
sex-linked and affected men usually develop renal
failure by middle age. ERT has produced spectacular
results, with reversal of damage in all organs that have
been studied. The development of ERT for several other

~lysosomal disorders is now under way. However, there

is less optimism about its application in those diseases
where the brain and nervous system are severely
affected, as proteins (including enzymes) cannot cross
the blood-brain barrier.

The only problems that have been encountered with
the enzyme infusions have been minor. Some patients
develop immunological reactions to what, for them, are
foreign proteins. The biggest concern about this form of
treatment is the expense of therapy. It costs about
£90 000 per year to treat a child with Gaucher disease
and a similar cost per patient is likely for the other
conditions. Many countries are unable to afford this
form of treatment for their populations. Even in
developed countries this can strain the normal health
service budget. The development of more affordable
ERT will be a priority for the future as more treatments
are developed.

In summary, ERT is an extremely promising
approach to the treatment of lysosomal disorders. Unfor-
tunately, those disorders that primarily affect the brain
will not be helped by this approach and further research
is needed in this area. W

Dr Ed Wraith is Director of the Willink Biochemical
Genetics Unit based at the Royal Manchester Children’s
Hospital. He is a paediatrician who specialises in the
diagnosis and management of inherited metabolic
disorders.

KEYpoints

® Lysosomes contain degradative enzymes that
function at acidic pH.

® Lysosomal disorders are genetic enzyme defects.
They occur in 1 in 5000 live births.

e Historically, treatment h;asfbeen unsatisfactory and
palliative only. '

o ERT offers an opportuhity to reverse the damage
found in many organs.

e ERT treatment is expensive and many countries will
not be able to afford it.
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