Genetic Aspects of Uncommon Diseases

Julien Textoris and Marc Leone

Key Points

e Hereditary diseases represent 80 % of the rare diseases

e Hereditary diseases are the consequence of the pathological modification
of one or a few genes

e The diagnosis, which may be done before birth, is confirmed by the
identification of one or more mutations

e The knowledgebase “Orphanet” (http://www.orpha.net/) is the reference
website for updated informations on genetic and rare diseases.

Genetic diseases are those that are caused by the alteration of a gene. They
represent 80 % of so-called “rare diseases” (whose prevalence is less than one
case for 2,000 persons), or approximately 6,000 pathologies. Interestingly, the
prevalence of adult respiratory distress syndrome is estimated at 30/100,000. It
shows that the notion of disease rarity is relative when it comes to intensive care
medicine! Genetic diseases affect 1-2 % of births in the world, or approximately
10 million people in Europe. People suffering from genetic diseases are therefore
alone and isolated but, at the same time, they represent a large population. That
explains why these diseases are a real public health priority. Fortunately, not all
genetic diseases lead to intensive care unit. Aggressive medical management in the
intensive care unit is not always the only available solution and should in most
cases be considered in light of a multidisciplinary team and ethical approach.

Rare or orphan diseases have been acknowledged since the beginning of the
1980s. The United States provided a first definition in the Orphan Drug Act that
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passed in 1983: “Any disease affecting less than 200,000 people”, which at the
time was equivalent to a prevalence of 7.5/10,000 in the United States. The
prevalence threshold is 4/10,000 in Japan. In France, it is 5/10,000. Various plans
to provide medical care for rare diseases have emerged in France. In 1992, a fast-
tracked procedure was implemented to allow orphan diseases drugs to be granted
marketing authorisation. In 1995, a commission for orphan drugs was established
and in 1997, Orphanet, a portal on rare diseases and orphan drugs, was set-up.
More recently, the National Plan on Rare Diseases (2005-2008) was launched to
“ensure equity in the access to diagnosis, treatment and provision of care”. The
plan led to the creation of centres of reference on rare diseases. To give a few
examples, in France, about 15,000 people suffer from sickle cell disease, 8,000
from amyotrophic lateral sclerosis, 6,000 from cystic fibrosis, 5,000 from Duch-
enne muscular dystrophy, 500 from leukodystrophy, while only a few cases of
progeria are reported. 65 % of rare diseases in France are serious and debilitating;
they have an early onset (appearing before the age of 2 in two cases out of five);
they cause chronic pain in one patient out of five; they lead to the occurrence of a
motor, sensory or intellectual deficit in half of the cases, and to a disability or loss
of autonomy in one case out of three. Overall, rare diseases are life-threatening in
half of the cases.

Physiopathology of Genetic Diseases

Genetic diseases result from a pathological change in one or several gene(s).
Among these are distinguished:

e Hereditary genetic diseases, transmitted to the offspring via the reproductive
cells, namely gametes.

e Multifactorial diseases, the majority of which are caused by multiple factors:
environment, lifestyle and type of food consumption, biological and genetic
factors. This is the case for cancers, for some types of cardiovascular diseases,
for neurodegenerative diseases, and for infectious diseases. The respective roles
played by the various factors in these diseases is highly variable. And so is the
degree of incidence of the mutated genes.

Among genetic diseases, a distinction can be made between those caused by the
mutation of a single gene and those resulting from the “accumulation” of multiple
genetic abnormalities. The first ones are called “monogenic” or “Mendelian”
since their transmission pattern follows the laws discovered by Mendel. The
genetic diseases whose transmission is not Mendelian involve several genes, as
well as non-genetic factors. This is the case of mitochondrial diseases (mito-
chondria are elements present in the cells, intended to generate the necessary
energy for the cells), where the mutation affects the mitochondrial genome. Their
transmission is particular as only women can pass them on and because the
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mutated-gene expression is often mosaic. It is also the case of chromosomal
diseases linked to the absence of a chromosome or to its presence in excess (such
as Trisomy 21), or to abnormalities of the chromosome structure itself. Genetic
diseases are also classified according to the organs and physiological functions
they affect.

Finally, the penetrance of the disease is extremely variable, even within a
family, which often complicates diagnosis and prenatal counselling.

Diagnosis and Treatments

Today, a gene mutation associated with a multifactorial disease can be identified
through genetic testing.

However, given the many genes involved in these diseases, these tests do not so
much provide information to foresee the evolution of these pathologies, as they
provide information on the existence of a risk factor in a family’s genetic makeup.
However, the main benefit of genetic testing is to help formulate a diagnosis for
patients showing clinical signs. Erroneous clinical diagnoses can therefore be
definitely ruled out and those at risk can be screened.

Prenatal diagnosis is a genetic test performed on a fetus. It is a rare procedure,
only intended for parents who may transmit a severe, incurable hereditary disease
to their child. A prenatal diagnosis is proposed to families at risk following a
specialized consultation. In addition to providing information and assessing the
risk of a genetic disease, this consultation also allows the parents to benefit from a
suitable psychological support.

The acknowledgement of rare diseases being recent, the development of spe-
cific treatments has only been prioritised by public authorities in the last 20 years.
For the majority of the diseases, there is still no hope for a cure. Gene therapy is a
very promising perspective.

The principle of gene therapy is simple: the genome of a cell is corrected by
replacing a defaulting gene with its functional copy into the cell. Through this
technique, it is therefore possible to correct a defective function or to compensate
for a missing function in the target cell. The first significant success of this method
was obtained in 2000 by the team of Dr. Marina Cavazzana-Calvo and Pr Alain
Fischer, who succeeded in curing young children suffering from rare severe
combined immunodeficiency (SCID), through the introduction of a gene-drug in
their bone marrow cells.

Cell therapies use specific cells, administered to prevent, cure or mitigate a
disease. Some of them have already proven their worth: transfusion of red blood
cells and platelets to treat some types of blood diseases; skin graft for victims of
severe burns; transplantation of stem cells that can produce massive populations
of different cells and regenerate a damaged tissue; transplantation of insulin-
producing cells (the islets of Langherans) to treat insulin-dependent diabetes;
transfer of dendritic cells which induce and regulate an immune response when the
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immune system no longer recognizes, and therefore no longer rejects, foreign
tumor cells; transfer of a certain type of liver cells, hepatocytes, which present a
selective advantage to repopulate and rebuild a damaged liver.

Protein replacement therapy consists in replacing a defective protein by a
recombinant protein. For example, in the case of Gaucher’s disease, characterized
by a deficiency in glucocerebrosidase, an enzyme whose recombinant form has
been developed and used to replace the missing enzyme.

Finally, one should also mention the classic approach based on drug adminis-
tration, which for example has been explored in the treatment of hereditary
tyrosinemia, a liver disease occurring in children under the age of one, which
results from the accumulation of metabolites causing oxidative damages to the
cell. The treatment of this disease is nowadays improved by the administration of
an inhibitor of the tyrosine metabolism.

Genetic Disease and Intensive Care

Given the large number of genetic disorders which can lead to intensive care
admission, we have opted to present in a table the Mendelian genetic diseases
whose prevalence range from 5 to 50/100,000 (in comparison, the prevalence of
pulmonary fibrosis is 7/100,000, that of familial forms of Parkinson’s disease is
15/100,000 and that of lupus is 50/100,000). All the information presented in the
table is drawn from the Orphanet website (http://www.orpha.net/), a world ref-
erence in the field of rare diseases. It has a good search engine, and for each
pathology it provides links to additional articles in French or English. Because the
diseases mentioned in this work are very rare, the information presented here is
likely to be obsolete by the time you read it. Therefore, it is advised to check the
Orphanet website, which is regularly updated. One can also find on that website a
document listing the centres of reference that are approved to provide medical care
for a specific rare disease or a group of rare diseases. (http://www.orpha.net/
orphacom/cahiers/docs/FR/Liste_des_centres_de_reference_labellises.pdf)  This
information is essential in order to obtain expert advice and whenever possible, to
transfer the patients to these centres of reference (Table 1).
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