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Rare diseases (RD)
− In Europe, a disease is considered rare when it affects ≤ 1:2,000.
− Due to their very low prevalence, high severity and extreme
diversity, rare diseases (RD) are a globally recognised a difficult public
health problem.
− 30% of children born with a rare condition die before the age of 5.
− 6,000 to 8,000 rare diseases have been discovered and new diseases
are regularly described in medical literature
(https://www.orpha.net/consor/cgibin/Education_AboutRareDiseases.php?lng=EN)
− Around 80% have a genetic basis.
− A disease can be rare in one region, but common in another, e.g.,
sickle cell anaemia in Europe and Sub-Saharan Africa.

Personalised medicine (PM)

“A medical model using characterisation of individuals’ phenotypes and
genotypes (e.g. molecular profiling, medical imaging, lifestyle data)
for tailoring the right therapeutic strategy for the right person at the
right time, and/or to determine the predisposition to disease and/or to
deliver timely and targeted prevention.”
(https://www.icpermed.eu/en/icpermed-medicine.php)

PM in Rare Diseases research and care
− PM research aims at establishing the knowledge basis to describe and
understand the (biological, lifestyle and environmental both physical
and social) factors leading to the unique disease onset and course and
its response to health interventions in each affected (or at-risk)
individual.
− Therefore, the adoption of novel PM actionable science & technology
by the RD community (patients, healthcare providers, carers,
researchers and funders) came as a natural development. In fact, the
uniqueness of (virtually) each single RD patient prompts the need for
a tailor-made rather than an one-size-fits-all approach to diagnosis,
treatment, rehabilitation, prevention, etc.

Personalised medicine, part of P6 medicine
PM, as a component of the emerging P6 medicine, applied to RD is
supported by four pillars of The ICPerMed vision for 2030 (2019):
(i) data generation and treatment;
(ii) intersectorial synergies beyond the health sector (e.g., education,
social security and rehabilitation, and science & technology);
(iii) health system reform (emphasis shift from disease diagnosis and
treatment to individual risk definition allowing for health
promotion and disease prevention, now a common practice in RD
control); and
(iv) improvement of education (of providers) and literacy (of patients,
health managers and policy makers).
P6 medicine: predictive, preventive, personalised/precise, participatory, psychocognitive/narrative and public. See: Bragazzi
NL. From P0 to P6 medicine, a model of highly participatory, narrative, interactive, and "augmented" medicine: some
considerations on Salvatore Iaconesi's clinical story. Patient Prefer Adherence. 2013;7:353-9.
The ICPerMed vision for 2030 (2019): (https://www.icpermed.eu/media/content/Vision_Paper_2019.pdf)
Data treatment includes data storage, management, access, protection/safety, harmonisation, quality control and sharing.

Rare diseases control:
The Precision Public Health Framework
− The classical public health ‘person-time-place’ triad: an avant-la-lettre form
of PM.
− Technology improvements: reduction in cost of genetic testing and
advances in the clinical use of genome sequencing (and other ‘omics’
information), data science and imaging.
− Critical to achieving health improvements for the underserved (‘orphan’)
population of people living with rare diseases, their families and
caregivers is prevention (PIGD, NIPT, PND), early diagnosis and best care.
− Genomic diagnosis allows for informed family-planning decisions.
− In exceptional cases, a successful diagnosis can lead to profound changes in
a patient’s medical treatment, prognosis, and quality of life.

−End the ‘diagnostic odyssey’!
Baynam G et al. Improved Diagnosis and Care for Rare Diseases through Implementation
of Precision Public Health Framework. Adv Exp Med Biol. 2017;1031:55-94.

PM of Rare Diseases in action
RD therapy options have been classically guided by individual patient
features, e.g., replacement therapies of haemophilias (coagulation
factors) or inherited metabolic disorders (enzymes).
The implementation of the PM pillars in the RD domain can be
illustrated with relevant translational research results recently obtained
on both sides of the Ibero-American Atlantic, namely on mono- and
oligogenic disease models:
paediatric movement disorders
craniofacial anomalies
genomic disorders
cystic fibrosis

Paediatric movement disorders
− A diagnostic challenge: high clinical heterogeneity and shared
common features.
− Alternating hemiplegia of childhood (AHC): ultra-rare (1:1,000,000)
paediatric movement disorder, characterized by paroxysmal
alternating hemiplegia, dystonia, and seizure-like episodes that can
be misleading during the evaluation of a child with a movement
disorder.
− NGS of a targeted gene panel (exome of > 4,800 disease-associated
genes): missense variant c.2839G>A (p.Gly947Arg) located at exon 21
of ATP1A3*, previously reported as de novo producing AHC.
*Encodes the alpha-3 catalytic subunit of the Na+/K+-ATPase transmembrane ion pump.

Galaz-Montoya et al. A recurrent de novo mutation in ATP1A3 gene in a Mexican patient with alternating hemiplegia of
childhood detected by massively parallel sequencing. Bol Med Hosp Infant Mex. 2019;76:49-53.

Location of ATP1A3 neutral and pathogenic variants shown on
protein domains: genotype-phenotype correlation
(rapid-onset dystonia parkinsonism)
(alternating hemiplegia of the childhood)

Gly947Arg

Yang et al. ATP1A3 Mutations and Genotype-Phenotype Correlation of Alternating
Hemiplegia of Childhood in Chinese Patients. PLoS ONE. 2014;9:e97274.

Craniofacial Anomalies
− Brazilian Molecular Database on Craniofacial Anomalies:
socioeconomic, medical and genetic information on individuals with
craniofacial anomalies.
− Genetic assessment (genomic imbalance screening) and counselling
for individuals with syndromic oral clefts with no etiologic diagnosis
(N=22 out of 66 eligible): Pathogenic genomic imbalances were
identified in 4 (18%) and a copy number variation (CNV) of uncertain
clinical significance was detected in one.
− Results exemplify barriers faced by the majority of the population of
LMICs to reach whole genetic assessment either through public
genetic services or in research settings.
Gil-da-Silva-Lopes et al. Syndromic Oral Clefts: Challenges of Genetic Assessment in Brazil and
Suggestions to Improve Health Policies. Public Health Genomics. 2019;22:69-76.

Genomic (or cis-ruption) disorders:
Diseases of the genome architecture
− Genomic disorders result from copynumber variants (CNVs) or
submicroscopic rearrangements of the
genome rather than from single
nucleotide variants (SNVs).
− Technologies: array comparative
genomic hybridization (aCGH), single
nucleotide polymorphism (SNP)
microarrays, whole genome
sequencing (WGS) and whole-exome
sequencing (WES).

https://blogs.bcm.edu/2015/10/20/visual-elements-help-tell-story-of-first-successful-genome-surgery/

Harel T, Lupski JR. Genomic disorders 20 years on - mechanisms for
clinical manifestations. Clin Genet. 2018;93:439-449

Congenital eye defects:
Type 2 Peters anomaly and ectopia lentis
−The chromosome translocation t(11;18)(q23.3;q11.2)dn found in
association with type 2 Peters Anomaly and ectopia lentis.
−Disruption of OAF (transcription regulator) and position-effectmediated misregulation of PVRL1 (cell-adhesion molecule) are
likely responsible for the ocular phenotype.
−Expression data during murine lens embryogenesis and from
proposita's LCLs, corroborate these findings.
−Genomic interaction (TAD) data for PVRL1 further supports its
involvement.

−Chimeric OAF transcripts identified from the 11q23.3 breakpoint.
David et al. Identification of OAF and PVRL1 as candidate genes for an ocular anomaly characterized by
Peters anomaly type 2 and ectopia lentis. Exp Eye Res. 2018;168:161-70.

David et al. Identification of OAF and PVRL1 as candidate genes for an ocular anomaly
characterized by Peters anomaly type 2 and ectopia lentis. Exp Eye Res. 2018;168:161-70.

Cystic fibrosis
− The most common genetic life-shortening condition in Caucasians.
− Acute/chronic respiratory disease, with persistent pulmonary
infections and mucus plugging of the airways and failure to thrive.
− The disease originates from dysfunction of the CF transmembrane
conductance regulator (CFTR) protein, a channel that mediates
anion(Cl-) transport across epithelia.
− Innovative therapies are CFTR mutation specific (6 classes) and should
also take into consideration a large number of different genes and
biological pathways as well as environmental factors.
− Functional assessment of patients' tissues ex vivo (e.g., colorectal
biopsies): predict disease severity and drug responses.
Amaral MD. Journal of Internal Medicine. 2014;277: 155-66.

Novel personalized therapies for cystic fibrosis:
treating the basic defect in all patients

Yes

Amaral MD. Journal of Internal Medicine. 2014;277: 155-66.
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Cell 2014 157, 241-253DOI: (10.1016/j.cell.2014.02.012)

Topol EJ. Individualized Medicine from Prewomb to Tomb. Cell. 2014;157:241-53.

Issues for discussion
− The secondary use of healthcare-driven genomic data for research “is
part of the broad trend of breaking down barriers between research
and healthcare, providing for a more permeable, ‘learning’ healthcare
system with deep, sustained ties to research.” (Birney et al 2017)
− Although genetic services and screening programs aim to improve the
health of the population, there is growing concern that the increasing
number of genetic tests becoming available at lower costs could
compromise the viability of the health care system.
− Should clinical utility assessment be mandatory before the test is reimbursed?

