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1 | INTRODUCTION

Abstract

CIBER (Center for Biomedical Network Research; Centro de Investigacién Biomédica
En Red) is a public national consortium created in 2006 under the umbrella of the
Spanish National Institute of Health Carlos Il (ISCIIl). This innovative research
structure comprises 11 different specific areas dedicated to the main public health
priorities in the National Health System. CIBERER, the thematic area of CIBER
focused on rare diseases (RDs) currently consists of 75 research groups belonging
to universities, research centers, and hospitals of the entire country. CIBERER's mis-
sion is to be a center prioritizing and favoring collaboration and cooperation
between biomedical and clinical research groups, with special emphasis on the
aspects of genetic, molecular, biochemical, and cellular research of RDs. This
research is the basis for providing new tools for the diagnosis and therapy of low-
prevalence diseases, in line with the International Rare Diseases Research Consor-
tium (IRDiRC) objectives, thus favoring translational research between the scientific
environment of the laboratory and the clinical setting of health centers. In this arti-
cle, we intend to review CIBERER's 15-year journey and summarize the main results
obtained in terms of internationalization, scientific production, contributions toward
the discovery of new therapies and novel genes associated to diseases, cooperation

with patients' associations and many other topics related to RD research.
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genetics, new therapeutic approaches, novel genes, rare diseases, research network

selected through a competitive process, contributing more than 6000

researchers and a core staff of 804 people (Table 1).2 CIBER is a

In 2006, a public consortium known as “Center for Biomedical Net-
work Research” (CIBER, Centro de Investigacion Biomédica En Red) was
created under the umbrella of the Spanish National Institute of Health
Carlos Il (ISCIII). This highly innovative research structure comprises
11 thematic areas dedicated to the main public health priorities of the
National Health System (NHS),' one of them being devoted to
research on rare diseases (CIBERER).

In this article, we review CIBERER's 15-year journey and summa-
rize the most outstanding results obtained in terms of internationaliza-
tion, scientific production, gene discovery, contributions toward the
discovery of new therapies and novel genes associated to diseases,
cooperation with patient associations and many other topics related

to RD research.

2 | CIBERCONSORTIUM,
COLLABORATION, AND NETWORKING IN
BIOMEDICAL RESEARCH

The CIBER constitutes a relevant research consortium of excellence in
the fields of Biomedicine and Health Sciences within the Spanish NHS
and the Science and Technology Research System. CIBER is struc-

tured into 11 thematic areas and comprises 427 research groups

national collaborative network consortium belonging to ISCIII, the
national body that translates relevant biomedical research results to
the NHS. CIBER's thematic areas are: Bioengineering, Biomaterials,
and Nanomedicine (CIBERBBN), Diabetes and Metabolic Diseases
(CIBERDEM), Physiopathology of Obesity and Nutrition (CIBEROBN),
Liver and Digestive Diseases (CIBEREHD), Respiratory Diseases
(CIBERES), Epidemiology and Public Health (CIBERESP), Mental
Health (CIBERSAM), Frailty and Healthy Aging (CIBERFES), Cardiovas-
cular Diseases (CIBERCV), Cancer (CIBERONC), and Rare Diseases
(CIBERER) (www.ciberisciii.es).

CIBER is integrated by researchers from universities, research
centers, hospitals, health administrations and health services, in addi-
tion to an important research structure rooted in patient care. There
are 104 institutions associated to the CIBER structure. The main aim
of the CIBER is to promote collaborative research, favoring synergies
from a multidisciplinary approach to science. CIBER relies on a team
of expert managers allocated to different technical departments.
There are areas supporting the internationalization and project
departments managing more than 150 research projects, 30 at
European level and 5 in the American continent, besides many collab-
orations among various research groups. The Technology Transfer
Area oversees licensing agreements with industry and manages patent

portfolios; the Contracting and Purchasing Department manages most
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service contracts; and the Institutional Relations Area manages the
negotiation of agreements and scientific contracts, providing legal
support to the Innovation Unit. Lastly, the Communication Area is
dedicated to the dissemination of CIBER's results, both internally

(newsletters), and externally.

3 | CIBER'S RESOURCES AND
INFRASTRUCTURES

CIBER has access to numerous infrastructures distributed nationwide.
CIBER is part of and contributes to the National Biobank Network
through the CIBERER-Biobank, a public, non-profit biorepository cen-
tralizing the reception of RD biological samples; the CIBERES-
Pulmonary Biobank Platform, which includes samples and matched
clinical information from patients with lung diseases; and FATBANK,
whose adipose tissue biobank constitutes a national referent.
CIBERES-Pulmonary Biobank Platform has acted as the coordinator of
the National Biobank Network Platform until recently.

Other specialized centralized platforms are: (1) the so-called Sin-
gular Scientific and Technical Infrastructures (ICTS), which are large
installations, resources, facilities, and services, unique in its kind,
dedicated to cutting edge and high-quality research and technologi-
cal development, as well as to promote exchange, transmission and
preservation of knowledge, technology transfer, and innovation.
CIBER coordinates NANBIOSIS, an important ICTS for the develop-
ment of nanotechnology or biomaterials-based products from their
design phase to their preclinical validation stage; (2) Bioinformatics
platforms: both CIBEREHD and CIBERER areas, have developed
platforms performing data quality control services, gene expression
analysis, genomic mapping, variant analysis, and data mining;
(3) BiblioPRO, a virtual library of documents in Spanish on health-
related quality of life and health outcomes perceived by patients
(Patient Reported Outcomes-PRO); (4) Neuroimaging Platform,
a database containing thousands of neuroimages developed by
CIBERSAM; (5) Patient registry platforms: the REHEVASC platform
collects medical records from patients with rare liver diseases from
17 hospitals nationwide and the National Chronic Hepatitis C Data-
base in collaboration with the Spanish Association for the Study of
the Liver (AEEH); and the RENACER Patient Registry is a joint initia-
tive of the CIBERCV and the Spanish Agency of Medicines and Med-
ical Devices that, in collaboration with the Spanish Society of
Cardiology and other medical societies, registers cardiovascular dis-
ease patients. Additionally, CIBEREHD coordinates the Hepamet
cohort and the European NAFLD Registry (non-alcoholic fatty liver
disease), and CIBERER takes part in the National Registry of patients
with RDs, being the promoter of GenRaRe, a clinical registry of
genetic diseases.

In addition to the aforementioned infrastructure, CIBER partici-
pates in the ITEMAS Network, a platform promoted by the ISCIII
supporting healthcare innovation. Its objective is to ensure that ideas
of health professionals on innovation are delivered to health

services.

4 | CIBERER: THE CENTER FOR
BIOMEDICAL NETWORK RESEARCH ON
RARE DISEASES

CIBERER, the thematic area of CIBER devoted to RDs (www.ciberer.
es/en) was launched in 2006. At present, it is composed of 75 research
groups (57 CIBERER groups plus 18 associated clinical groups) belong-
ing to consolidated research structures from universities, health insti-
tutions, research centers and hospitals nationwide. CIBERER is
organized into seven different research programs: (a) Translational
Genomic Medicine; (b) Inherited Mitochondrial and Metabolic Medi-
cine; (c) Neurological Diseases; (d) Pediatric and Developmental Medi-
cine; (e) Sensorineural Pathology; (f) Endocrine Medicine; and
(g) Hereditary Cancer, Hematological and Dermatological Diseases.

The vision of CIBERER is to be a center where collaboration and
cooperation between biomedical and clinical research groups are priori-
tized, with special emphasis on the aspects of genetic, molecular, bio-
chemical, and cellular research on RDs. This research is the basis for
providing new diagnostic and therapeutic tools, favoring the translation
of research from the scientific environment of the laboratory to
healthcare settings. CIBERER is aligned with the new Horizon European
Program and it shares the International Rare Diseases Research Consor-
tium (IRDIiRC) vision and goals.® IRDIRC is an initiative launched in 2010
by the European Commission and the National Health Institutes of the
United States to achieve 1000 new therapies and innovative diagnostic
tools, in addition to a global network of national registries, by 2027.

The specific CIBERER's objectives are mainly based on the develop-
ment of new treatments and the improvement in access to the diagnosis
of RDs. In order to achieve this challenge, CIBERER maintains close collab-
oration with all the stakeholders involved in the RD field, both at a
national and international level to (a) Establish and provide access to har-
monized and relevant RD data and information; (b) Carry out the molecu-
lar and clinical characterization of RD; (c) Promote translational, preclinical,
and clinical research (d) Rationalize ethical regulations and procedures. To
cover all these aspects, the following lines of action were defined: net-
working, excellence research, collaborative and cooperative research,
translation, and transfer of results, as well as social visibility of RDs. In
addition, the internationalization of research, the effective relationship
with the productive sector and the institutional visibility are continuously

being promoted to complement the aforementioned lines of action.

5 | CIBERAND CIBERER'S SCIENTIFIC
PRODUCTION

The global scientific productivity of the CIBER Consortium in its 15 years
of existence has been very relevant, thus becoming one of the top
10 national institutions according to its scientific production. As shown
by the relevant statistics, an indexed publication with a CIBER affiliation is
displayed every 66 min in Medline; specifically ~ two publications/day
have CIBERER affiliation (727 publications in 2020; Table 1 and Figure 1).

Regarding its participation in projects and leadership, currently,

CIBERER has more than 30 active grants underway in the frame of
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different national and international calls. Furthermore, CIBERER has
financed 85 intramural projects in the past 10 years, for an overall
amount of more than 4.5 million euros. Moreover, CIBERER has
recently received close to 8 million euros to deploy two projects
focused on the genetic aspects of the COVID-19 pandemic and the
implementation of the IMPaCT project (see below).

6 | INTERNATIONAL PARTICIPATION OF
CIBERER

CIBERER researchers participate and are beneficiaries of relevant
national and international projects within the scope of RDs. Some of
the initiatives in which CIBERER is engaged are: (a) Since 2010,
CIBERER supports the coordination of Orphanet-Spain® within
Orphanet, the portal for RDs and orphan drugs that has become a con-
sortium of 40 countries, within Europe and across the globe.” CIBERER
is in charge of translation of Orphanet contents into Spanish, which is
relevant for more than 470 million people in the world regarding medi-
cal, scientific and social aspects of RDs.” This resource, along with
MAPER, a database of available RD research resources in Spain, makes
CIBERER an institution generating and giving access to the largest
amount of information about RD related activities in Spain;
(b) European Joint Program on Rare Diseases® (EJPRD); this specific
Joint Action for RD has brought together all those European institu-
tions working in this field with the aim of improving the integration,
effectiveness, production and social impact of RD research. The EJPRD
brings together more than 130 institutions from 35 countries to create
a sustainable ecosystem enabling a virtuous cycle between research,
care and medical innovation; (c) The IRDIRC consortium’ is a global
effort to contribute to the development of new therapies and to accel-
erate and facilitate RD diagnosis. CIBERER played an active role during
the genesis of the consortium, being involved in the bilateral meetings
held between the European Union (EU) and the National Institutes of
Health (NIH), and participating since then and up until recently in the
consortium's interdisciplinary working group, in which CIBER members
continue performing different responsibilities; (d) The 1 + Million

Genomes® is one of the most ambitious initiatives in precision medicine

800
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worldwide in which CIBER Consortium and CIBERER play a very active
role by leading the Spanish action. CIBERER groups are represented in
practically all the work programs of the Spanish “mirror group” of this
initiative, (e) The RD-Connect project,” which gave rise to the RD-
Connect Community later on, was launched in November 2012 as a
6-year project funded by the European Commission. CIBERER partici-
pated as an associated member of the consortium; (f) Genome-
phenome Archive (EGA)'° is one of the two largest archives encourag-
ing the distribution and sharing of genomic and phenotypic data,
adopting strict protocols for information management, storage, security
and dissemination such as those proposed by ELIXIR, an European plat-
form coordinating, integrating and sustaining bioinformatics resources
across its member states where many CIBER groups participate very
actively; (g) Global Alliance for Genomics and Health (GA4GH)! is an
international, non-profit alliance launched in 2013 that brings together
more than 600 leading organizations working on the generation of
models and standards to enable the responsible, voluntary and secure
sharing of omics and health-related data. CIBERER is one of its mem-
bers; (h) European Openscreen,'? an ERIC (European Research Infra-
structures Consortium) integrating high-throughput screening facilities
for molecules and drug development comprising more than 140 000
compounds and offering open access to resources for researchers from
academic institutions. (i) The European infrastructure EATRIS,*® the
main support structure for translational biomedical research in biomedi-
cine in Europe, is widely represented in the consortium, with 14 health
research institutions. Likewise, many of the CIBER's consorted institu-
tions participate in SCReN, the Platform of Clinical Research and Clini-
cal Trial Units, which in turn is integrated into ECRIN,™ its equivalent
at European level; (j RD-CODE project'* promotes the use of the
Orphanet nomenclature for implementation into health information
systems, thus enabling data sharing at European level in a standardized
and consistent manner.

In 2020, The Council of Ministers of the Spanish Government
approved “The Spanish Strategy for Personalized Medicine” with a total
funding of 77.3 million euros. The first action of the newly adopted
strategy, reflected in the Emergency Plan for Science and Innovation,
was the Call for the launch of the Infrastructure for Precision Medicine

associated with Science and Technology (Infraestructura de Medicina de
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Precision Asociada a la Ciencia y Tecnologig IMPaCT). With an endow-
ment of 25.8 million euros, it will foster scientific knowledge and
increase the capacity to exploit all the information available improving
the quality and efficiency of the healthcare system. This initiative com-
prises three programs: Predictive Medicine, Data Science, and Genomic
Medicine, two of which are led by CIBER (Predictive Medicine and
Genomic Medicine; CIBERESP and CIBERER, respectively).

CIBERER also coordinates the ENoD initiative (Undiagnosed Rare
Diseases Program); this project has achieved a diagnosis for 29% of
the patients eligible for the program, thus facilitating appropriate

genetic counseling to many families.

7 | CIBERER PARTICIPATION IN THE
EUROPEAN REFERENCE NETWORKS

European reference networks (ERNs)® are virtual networks involving
healthcare providers across Europe. They aim to tackle complex or
RDs and conditions that require highly specialized treatments and a
concentration of knowledge and resources. There are 24 ERNs involv-
ing 25 EU countries plus Norway, with over 900 healthcare units
located in more than 300 hospitals and covering all major disease
groups. CIBERER groups participate in nine ERNs: EURO-NMD,
METAB-ERN, ERN-RND, Endo-ERN, ITHACA, BOND, TRANS-
PLANTCHILD, ERN GUARD-HEART, and EuroBloodNet (Table 2).

8 | MAINCONTRIBUTION OF GENETIC
RESEARCH BY CIBERER

In the past 15 years, CIBERER researchers have contributed to the
discovery and description of new entities and/or associated genes. At
least 100 new genes associated with human disease have been
described by CIBERER groups in the last decade, in many cases
(71) leading the publication as first or senior authors (Supplementary
Table 1). Similarly, CIBERER researchers have described a number of
new disorders. The main contributions occurred in the fields of rare
bone diseases, central and peripheral nervous system, metabolics,
oncogenetics, or vision and hearing impairments, among others.
CIBERER's groups have contributed with the discovery of many
new diseases and genes associated to previously known disorders.
For example, one of the many contribution was the finding in 2011 of
a new gene (MAX) associated to hereditary pheochromocytoma (PCC)

in 8 single patients.'®

9 | ORPHAN DRUGS, NEW THERAPIES,
AND REPURPOSED DRUGS CONTRIBUTED
BY CIBERER

In the past 10 years, CIBERER has contributed with the designation of
25 orphan drugs by either the European Medicines Agency (EMA) or
its American counterpart, the Federal Food and Drugs Administration

TABLE 2 CIBERER representation in the European reference
networks

CIBERER group-
Institution

European reference

network (ERN) Acronym

EURO-NMD Hospital de la Santa

Creu i Sant Pau

Rare neuromuscular
diseases

Hospital Universitario La
Fe

Hospital Sant Joan de
Déu
Hospital Universitario

Vall d'Hebrén

METAB-ERN Hospital Universitario

12 de Octubre

Hereditary metabolic
disorders

Hospital Universitario
Santiago de
Compostela

Hospital Universitario
de Cruces

Hospital Universitario
Vall d'Hebron

Hospital Sant Joan de
Déu
Rare neurological ERN-RND Hospital Sant Joan de
diseases Déu
Hospital Vall d'Hebrén
Hospital Universitario
Clinic de Barcelona

EuroBloodNet Hospital Universitario

Vall d'Hebrén

Rare hematological
diseases

Endo-ERN Hospital Universitario

Vall d'Hebrén

Rare endocrine
conditions

Hospital Universitario
de Cruces

Hospital de la Santa
Creu i Sant Pau

Rare congenital ITHACA Hospital Universitario La
malformations and Paz
rare intellectual Hospital Sant Joan de
disability Déu
Hospital Universitario
Vall d'Hebrén

Rare bone diseases BOND Hospital Universitario La
Paz
Hospital Universitario

Virgen de la Arrixaca

Transplantation in TRANSPLANT-  Hospital Universitario La
children CHILD Paz

Rare and low- GUARD-
prevalence complex HEART
diseases of heart

Hospital Universitario
Virgen de la Arrixaca

(FDA). CIBERER has sponsored 12 of the 25 orphan drugs. These
drugs/compounds with an orphan designation are listed in Table 3.
In addition, the different research programs developed by

CIBERER over the last decade have resulted in 28 patent applications
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TABLE 3 Orphan drug designations with CIBERER as sponsor

Substance Indication/RD Sponsor Agency Reference
Lentiviral vector carrying the Fanconi anemia-A Fanconi anemia type A CIBER EMA EU/3/10/822
(FANCA) gene FDA FDA 16-5193
Lentiviral vector containing the human liver and Pyruvate kinase deficiency CIBER EMA EU/3/14/1330
erythroid pyruvate kinase (PKLR) gene FDA FDA 16-5168
Temsirolimus Adrenoleukodystrophy CIBER EMA EU/3/16/1669
Hematopoietic stem cells modified with a lentiviral Leukocyte adhesion deficiency type | CIBER EMA EU/3/16/1753
vector containing the CD18 gene FDA FDA 16-5453
Ubiquinol Primary coenzyme Q¢ deficiency syndrome CIBER EMA EU/3/16/1765
Metformin Progressive myoclonic epilepsy type 2 (Lafora CIBER EMA EU/3/16/1803
disease) FDA FDA 17-6161
Etamsylate Hereditary haemorrhagic telangiectasia CSIC & EMA EU/3/18/2087
CIBER
Gefitinib Fanconi anemia CIBER EMA EU/3/18/2075
Afatinib Fanconi anemia CIBER EMA EU/3/18/2110
Dimethyl fumarate Adrenoleukodystrophy CIBER EMA EU/3/19/2236
Autologous skin equivalent graft composed of Epidermolysis bullosa CIBER EMA EU/3/20/2253
keratinocytes and fibroblasts genetically corrected
by CRISPR/Cas9-mediated excision of mutation-
carrying COL7A1 exon 80
L-Ergothioneine Cystinuria CIBER EMA EU/3/21/2445

with a therapeutic potential. Seven of them have been licensed,
signing long-term cooperation agreements with leading companies in
the pharmaceutical and the biotech sectors. These technologies are
being developed to treat different groups of RD including

1,Y7 metabolic,*® skin,*® or rare hematological diseases.?®

mitochondria
Thus, it is worth highlighting our ex-vivo lentiviral vectors-based gene
therapy programs. These are our most advanced programs in clinical
phases, three of which are licensed and running in collaboration with
Rocket Pharmaceuticals, Inc. Specifically, they are focused on pyruvate
kinase deficiency (PKD),?* leukocyte adhesion deficiency type | (LAD-
1)?2 and Fanconi Anemia (FA), the latest being the most advanced one,
running under a globally registered clinical trial.2® In 2019 CIBERER has
reported a successful engraftment of gene-corrected hematopoietic
stem cells in non-conditioned patients with FA, a DNA repair syndrome
generated by mutations in any of the 22 FA genes discovered to date.
The authors demonstrated that lentiviral-mediated hematopoietic gene
therapy reproducibly confers engraftment and proliferation advantages
of gene-corrected hematopoietic stem cells supporting that gene ther-
apy should constitute an innovative low-toxicity therapeutic option for

this life-threatening disorder.2*

10 | A HAND-IN-HAND COLLABORATION
WITH PATIENTS ASSOCIATIONS

CIBERER maintains extensive collaborations with patient associations
representing all RDs. Noteworthy is the close collaboration with
FEDER (Federacién Espariola de Enfermedades Raras; Spanish Alliance
of Rare Diseases), an umbrella organization established in 1999 with

the aim of being the voice of ~ three million people living with a low-

prevalence disease in Spain. At present, FEDER has more than
370 affiliated associations and has developed a network of strategic
alliances and collaborations with EURORDIS (a non-governmental
patient-driven alliance of patient organizations representing 949 RD
patient organizations in 73 countries.), RDI (Rare Disease Interna-
tional, the global alliance of people living with a RD of all nationalities
across all RDs), SWAN (Syndromes Without A Name) and ALIBER
(Ibero-American Alliance for RDs).

In 2017, CIBERER constituted the Patient Advisory Council (PAC)
with the aim of fostering patients' participation in CIBERER's activities
as a means to know first-hand their expectations and needs and to
achieve their engagement in CIBERER's research policies. The PAC is
integrated by various patient associations, nominated from the differ-
ent CIBERER research programs and renewed every 2 years.

CIBERER and FEDER have signed collaboration agreements
focused on FEDER's participation in both the Scientific Advisory
Board (SAB) and the PAC with two designated members, and on
CIBERER's participation as advisor at the Information and Guidance
Service for patients (Servicio de Informacién y Orientacion; SIO)
launched and managed by FEDER. Additionally, most Principal Investi-
gators of CIBERER's research groups are involved with patient associ-
ations, serving as Scientific Advisors or as members of their Scientific

Committees.

11 | THE SPECIALTY OF GENETICS OR
MEDICAL GENETICS IN SPAIN

Spain is the only country in Europe that does not currently have this

specialty. It is essential that the specialty of Clinical Genetics is
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approved in Spain to facilitate the training of specialists in the diag-
nosis, management and treatment of genetic diseases. The lack of
regulation of the specialty causes a great heterogeneity in the type
of genetic services provided in the Hospitals with a serious inequity
of patient access in the NHS. This situation delays diagnoses and
their corresponding treatments in patients, hinders the prevention
of new cases in families, reduces the efficiency of the health system
(by requesting unnecessary or irrelevant tests) and does not guaran-
tee that all professionals who provide genetic services are ade-
quately trained for this activity, which is detrimental to the health
of citizens and the quality of life of patients. CIBERER as many
other stakeholders have been reporting this irregular situation for
years.

12 | FINAL REMARKS

Although Spain has excellent standards in Public Health Services,
comparable to those of the most advanced economies in the world,
there are still some hurdles preventing timely diagnosis and treatment
of RDs patients and a full deployment of Genomic Medicine in the
country. Some of these barriers are: (a) the lack of an official Clinical
Genetics specialty;( b) the inequality in access to public and universal
high-quality genetics and genomic medicine services; c) the existence
of 17 Spanish Regional Health Systems responsible for implementing
health policies; and (d) the partial implementation of Next Generation
Sequencing (NGS) technologies in the country, which could reduce
the public NHS's spending significantly.

In this context, CIBERER has emerged as a flagship research insti-
tution, concentrating interdisciplinary and multi-institutional research
efforts and resources devoted to RDs in Spain, with a preferential
dedication of its financial resources to the RDs networks integrated
by centers and research groups dependent on different administra-
tions and public and private institutions.

After an experience of 15 years, CIBERER has shown a clear ori-
entation to generate an impact on the health of the RD community
and become an exceptional partner in Spain in the path to achieve the
IRDIRC objectives.
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, Hematopoietic Innovative Therapies Division, Centro de
Investigaciones Energéticas, Medioambientales y Tecnoldgicas
(CIEMAT), Instituto de Investigaciones Sanitarias Fundacion Jiménez
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3, Genetics Department, Hospital de la Santa Creu i Sant Pau, Bar-
celona, Spain.

4 Institut de Recerca Hospital de la Santa Creu i Sant Pau (IIB
Sant Pau), Barcelona, Spain.

5, Universitat Autonoma de Barcelona, Barcelona, Spain.

¢ Clinical Biochemistry Department, Institut de Recerca Sant Joan
de Déu, Barcelona, Spain.

7 Institut d'Investigacions Biomeédiques August Pi i Sunyer
(IDIBAPS), Barcelona, Spain.

8 Universitat de Barcelona, Barcelona, Spain.

? Department of Experimental and Health Sciences, Universitat
Pompeu Fabra (UPF), Barcelona, Spain.

10 Genetics Service, Hospital del Mar, Barcelona, Spain.

11 Hospital del Mar Research Institute (IMIM), Barcelona, Spain.

12 Department of Molecular and Cellular Biology, National Cen-
tre for Biotechnology (CNB-CSIC), Madrid, Spain.

13 Grupo de Medicina Xendémica, Centro Singular de Investigacién
en Medicina Molecular y Enfermedades Crénicas (CIMUS), Universidade
de Santiago de Compostela, Santiago de Compostela, Spain.

14 Fundacién Publica Galega de Medicina Xenémica (SERGAS),
IDIS, Santiago de Compostela, Spain.

15 Unidad de Genética, Hospital Universitario y Politécnico La Fe,
Valencia, Spain.

16 Biomedicina Molecular Celular y Gendmica, Instituto Investiga-
cién Sanitaria La Fe, Valencia, Spain.

17, Hospital S Pau, Dept Medicine/Endocrinology, IIB-Sant Pau,
Research Center for Pituitary Diseases, Barcelona, Spain.

18 Departamento de Medicina, Universitat Autonoma de Barce-
lona, Barcelona, Spain.

19 Department of Genetic and Molecular Medicine, Hospital Sant
Joan de Deu, Barcelona, Spain.

20 Laboratory of Neurogenetics and Molecular Medicine - IPER,
Institut de Recerca Sant Joan de Déu, Barcelona, Spain.

21 Institute of Medicine & Dermatology, Hospital Clinic, Barce-
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22 Division of Pediatrics, University of Barcelona School of Medi-
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23 ERN-ITHACA.

26 CIBERER Biobank, Valencia, Spain.

27 Laboratorio de Oncologia, Pangaea Oncology, Hospital Quirén
Dexeus, Barcelona, Spain.

28 Centro de Investigaciones Biologicas-Margarita Salas (CSIC),
Madrid, Spain.

29 Department of Genetics, Health Research Institute-Fundacién
Jiménez Diaz University Hospital, Universidad Auténoma de Madrid
(I1S-FJD, UAM), Madrid, Spain.

30 Unidad de Tumores Sélidos Infantiles, Instituto de Investiga-
cién de Enfermedades Raras, Instituto de Salud Carlos Il
Majadahonda, Madrid, Spain.

31 Instituto de Investigacién de Enfermedades Raras, Instituto de
Salud Carlos Ill, Madrid, Spain.

32 Biochemistry and Molecular Genetics Department, Hospital
Clinic de Barcelona, Universitat de Barcelona, Barcelona, Spain.

33 Biochemistry and Molecular Genetics Department, Hospital
Clinic de Barcelona, University of Barcelona, Spain.

34 Department of Maternofetal Medicine, Genetics and Repro-
duction, Institute of Biomedicine of Seville, University Hospital Virgen
del Rocio/CSIC/University of Seville, Seville, Spain.

35 Instituto de Biologia Molecular de Barcelona (IBMB), CSIC,
Barcelona, Spain.

36 Grupo de Enfermedades Mitocondriales y Neuromusculares,
Instituto de Investigacion Hospital 12 de Octubre (imas12), Madrid,
Spain.

37 Neuroimmunology Program, Institut d'Investigacié Biomeédica
August Pi i Sunyer (IDIBAPS), Barcelona, Spain.

38 Hospital Clinic, University of Barcelona, Barcelona, Spain.

3% Pediatric Neuroinmunology Unit, Sant Joan de Deu Children's
Hospital, University of Barcelona, Barcelona, Spain.

40 Genetics Department, Institut de Recerca Sant Joan de Déu,
Barcelona, Spain.

41 Unidad de Genética Clinica y Genética Funcional, Facultad de
Medicina, Universidad de Zaragoza, Spain.

42 Departamento de Medicina, Universitat de Vic-Universitat
Central de Catalunya, Vic, Barcelona, Spain.

43 Unidad de Hematologia Pediatrica, Hospital de la Santa Creu i
Sant Pau, Barcelona, Spain.

4 Institut d'Investigacions Biomeédiques August Pi i Sunyer
(IDIBAPS), Barcelona, Spain.

45 Allergy Service, Hospital General Universitario Gregorio Mar-
anodn, Madrid, Spain.

46 Gregorio Marafién Health Research Institute (lIGSM), Madrid,
Spain.

47 Departamento Genética, Microbiologia y Estadistica, Facultad
Biologia, Universitat de Barcelona, Barcelona, Spain.

48 Institut de Biomedicina Universitat de Barcelona (IBUB), Bar-
celona, Spain.

4% Institut de Recerca Sant Joan de Déu (IRSJD), Barcelona,
Spain.

%0 Seccién de Genética Médica, Servicio de Pediatria, Hospital

Clinico Universitario Virgen de la Arrixaca, Murcia, Spain.
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51 Instituto Murciano de Investigacién Biosanitaria (IMIB), Mur-
cia, Spain.

52 Universidad Catélica San Antonio, Murcia, Spain.

53 Endocrinology Department, Hospital Universitari Mutua de
Terrassa, Barcelona, Spain.

54 Institute for Research in Biomedicine (IRB Barcelona), The Bar-
celona Institute of Science and Technolo-gy (BIST), Laboratory of
Amino acid Transporters and Disease, Barcelona, Spain.

55 Departamento de Bioquimica, Biologia Molecular y Celular,
Universidad de Zaragoza, Zaragoza, Spain.

56 Instituto de Investigacién Sanitaria (I1S) de Aragdn, Zaragoza,
Spain.

57 Instituto de Biocomputacién y Fisica de Sistemas Complejos
(BIFI), Universidad de Zaragoza, Zaragoza, Spain.

58 Servicio de Bioquimica, Hospital Universitario 12 de Octubre,
Madrid, Spain.

59, Universitat de Vic-Central de Catalunya, Vic, Spain.

60 Genomic Instability and DNA Repair Syndromes Group and
Joint Research Unit on Genomic Medicine UAB-Sant Pau Biomed-
ical Research Institute (1B Sant Pau), Institut de Recerca Hospital
de la Santa Creu i Sant Pau-IIB Sant Pau, Barcelona, Spain.

61 Department of Genetics and Microbiology, Universitat Auto-
noma de Barcelona (UAB), Barcelona, Spain.

62 Gebro Pharma Lab, Barcelona, Spain.

3 Centro de Biologia Molecular Severo Ochoa, Consejo Superior
de Investigaciones Cientificas-Universidad Auténoma de Madrid,
Madrid, Spain.

64 Unidad Endocrinologia, Servicio Pediatria, Hospital Clinico
Universitario ‘Lozano Blesa’, Zaragoza, Spain.

85 Allergy Department, Hospital Universitario La Paz, Madrid,
Spain.

¢ Research Group on Neuromuscular and Mitochondrial Dis-
eases, Vall d'Hebron Research Institute, Universitat Autonoma de Bar-
celona, Barcelona, Spain.

87 Vall d'Hebron Institut de Recerca (VHIR), Vall d'Hebron Hospi-
tal Universitari, Barcelona, Spain.

8 Departament de Biomedicina, Facultat de Medicina i Ciéncies
de la Salut, Universitat de Barcelona, Barcelona, Spain.

%9 Muscle Research and Mitochondrial Function Laboratory,
Faculty of Medicine and Health Sciences-University of Barcelona,
Internal Medicine Department-Hospital Clinic of Barcelona, Bar-
celona, Spain.

70 Instituto de Investigaciones Biomédicas “Alberto Sols”, CSIC-
UAM, Madrid, Spain.

71 Clinical Bioinformatics Area, Fundacién Progreso y Salud (FPS),
CDCA, Hospital Virgen del Rocio, Sevilla, Spain.

72 Computational Systems Medicine, Institute of Biomedicine of
Seville (IBIS), Hospital Virgen del Rocio, Sevilla, Spain.

73 Division de Biomedicina Epitelial, Centro de Investigaciones
Energéticas, Medioambientales y Tecnoldgicas (CIEMAT), Madrid, Spain.

74 11S-FJD, Madrid, Spain.

75 Clinical Biochemistry Department, Institut de Recerca Sant

Joan de Déu, Barcelona, Spain.
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76 Neurometabolic Diseases Laboratory, Bellvitge Biomedical

Research Institute (IDIBELL), L'Hospitalet de Llobregat, Spain.

77 Neuromuscular Unit, Neurology Department, Hospital
Universitari de Bellvitge, Universitat de Barcelona, L'Hospitalet de
Llobregat, Spain.

78 Grupo de Cancer Endocrino, Programa de Genética del Cancer
Humano, Centro Nacional de Investigaciones Oncoldgicas, CNIO
Spain.

7% Departament de Bioquimica i Biologia Molecular, Universitat
de Valéncia, Burjassot, Spain.

80 Estructura de Recerca Interdisciplinar en Biotecnologia i Bio-
medicina (ERI BIOTECMED), Universitat de Valéncia, Burjassot, Spain.

81 Cruces University Hospital, UPV/EHU, Barakaldo, Spain.

82 Endo-ERN.

83 Biocruces Bizkaia Health Research Institute, Barakaldo, Spain.

84 Centre for Biomedical Network Research Diabetes and Associ-
ated Metabolic Disorders (CIBERDEM), Instituto de Salud Carlos I,
Madrid, Spain.

85 Pediatric Hematology and Oncology departments, Hospital
Sant Joan de Ded, Barcelona, Spain.

8 Institut de Recerca Sant Joan de Déu, Barcelona, Spain.

87 Grupo de Telomerasa, Cancer y Envejecimiento, Hospital Cli-
nico Universitario Virgen de la Arrixaca, Murcia, Spain.

88 Department of Animal Medicine and Surgery, Complutense
University of Madrid, Madrid, Spain.

8 |nstituto de Biomedicina de Valencia, Consejo Superior de
Investigaciones Cientificas (IBV-CSIC), Valencia, Spain.

90 Laboratorio de Reconocimiento Molecular, Centro de Investi-
gacion Principe Felipe, Valencia, Spain.

71 Department of Clinical and Molecular Genetics, Hospital Vall
d'Hebron, Barcelona, Spain.

92 Anatomy and Embriology Department, Faculty of Veterinary,
Universidad Complutense de Madrid, Madrid, Spain.

93 Department of Genetics, Microbiology and Statistics,
Universitat de Barcelona, Barcelona, Spain.

94 Servicio de Hematologia y Oncologia Médica, Hospital
Universitario Morales Meseguer, Centro Regional de Hemodonacion,
Universidad de Murcia, Murcia, Spain.

95, Servicio de Fisiopatologia Celular y Bioenergética, Universidad
Pablo de Olavide, Sevilla, Spain.

96 Centro Andaluz de Biologia del Desarrollo, Universidad Pablo
de Olavide-CSIC-JA, Sevilla, Spain.

97 School of Medicine and Health Sciences, Universitat Inter-
nacional de Catalunya, Barcelona, Spain.

98 BCNatal-Fetal Medicine Research Center (Hospital Clinic and
Hospital Sant Joan de Déu, University of Barcelona), Barcelona, Spain.

99 Instituto de Investigacién Hospital 12 de Octubre (i + 12),
Madrid, Spain.

100 service of Neurology, Hospital Clinic, Barcelona, Spain.

101" Centre for Genomic Regulation (CRG), The Barcelona Insti-
tute of Science and Technology (BIST), Barcelona, Spain.

102 " |nstitucié Catalana de Recerca i Estudis Avancats (ICREA),

Barcelona, Spain.

103 | ab Neuromuscular diseases, Institut de Recerca Hospital de
la Santa Creu i Sant Pau, Universitat Autonoma de Barcelona, Barce-
lona, Spain.

104 Synaptic metabolism laboratory, Institut de Recerca Sant Joan
de Déu, Barcelona, Spain.

105 Division of Dysmorphology and Teratology, Department of
Pediatrics, University of California San Diego (UCSD), La Jolla,
CA, USA.

106 Division of Genetics, Rady Children's Hospital San Diego, San
Diego, CA, USA.

107" Servicio de Genética, Hospital Universitario Ramén y Cajal,
IRYCIS, Madrid, Spain.

108 Clinical Immunology Department, La Paz University Hospital
and Lymphocyte Pathophysiology in Immunodeficiencies Group,
Madrid, Spain.

109 " Universidad Carlos Il de Madrid, Departamento de Bio-
ingenieria e Ingenieria Aeroespacial, Madrid, Spain.

110 Centro de Diagnéstico de Enfermedades Moleculares, Centro
de Biologia Molecular, Universidad Auténoma de Madrid, Madrid,
Spain.

111 Universitat Pompeu Fabra (UPF), Barcelona, Spain.

112 Servicio de Neurologia, Unidad de Enfermedades
Neuromusculares, Hospital Universitario 12 de Octubre, Madrid,
Spain.

113 Universidad Carlos Ill de Madrid, Departamento de Bio-
ingenieria e Ingenieria Aeroespacial, Madrid, Spain.

114 Unidad de Eclerosis Lateral Amiotréfica (ELA-ALS), Instituto
de Investigacion Hospital 12 de Octubre (imas12), Madrid, Spain.

115 Unitat de Fisiologia, Department de Ciéncies Fisiologiques,
IDIBELL-Institut de Neurociéncies, Universitat de Barcelona, L'Hospi-
talet, Spain.

116 Neuropediatrics Department, Institut de Recerca Sant Joan
de Déu, Barcelona, Spain.

17 Department of Biochemistry and Molecular Biomedicine,
Universitat de Barcelona, Barcelona, Spain.

118 Cancer Epigenetics and Nanomedicine Laboratory, Depart-
ment of Organisms and Systems Biology, Nanomaterials and Nano-
technology Research Center (CINN-CSIC), Health Research Institute
of Asturias (ISPA), Institute of Oncology of Asturias (IUOPA), Univer-
sity of Oviedo, Oviedo, Spain.

119 Instituto de Investigacién Sanitaria La Fe, Valencia, Spain.

120 Department of Physiology, Faculty of Medicine and Den-
tistry, Universitat de Valéncia, Valencia, Spain.

121 Biomedical Research Institute INCLIVA, Valencia, Spain.

122 Department of Biotechnology, Polytechnic University of
Valencia, Valencia, Spain.

123 Servicio de Pediatria, CSUR Errores Congénitos del
Metabolismo, Hospital Universitario 12 de Octubre, Madrid, Spain.

124 Seccié d'Errors Congenits del Metabolisme-IBC, Servei de
Bioquimica i Genética Molecular, Hospital Clinic de Barcelona, Barce-
lona, Spain.

125 pediatric Research and Metabolism Unit, Reina Sofia Univer-

sity Hospital, Cérdoba, Spain.
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126 Maiménides Institute for Biomedical Research of Cérdoba
(IMIBIC), Cérdoba, Spain.

127 University of Cérdoba, Cérdoba, Spain.

128 Departamento de Pediatria, Universidad de Murcia (UMU),
Murcia, Spain.

129 Department of Experimental and Health Sciences, Universitat
Pompeu Fabra, Barcelona, Spain.

130 Neuromuscular Unit, Institut de Recerca Sant Joan de Déu,
Barcelona, Spain.

131 Pathology Department, Institut de Recerca Sant Joan de Déu,
Barcelona, Spain.

132 Department of Otorhinolaryngology, La Paz University Hospi-
tal, Madrid, Spain.

133 Unidad de Genética Clinica y Gendmica Funcional, Facultad
de Medicina, Universidad de Zaragoza, Zaragoza, Spain.

134 Centro Comunitario de Sangre y Tejidos del Principado de
Asturias, Oviedo, Spain.

135 Divisién de Biomedicina Epitelial, Centro de Investigaciones
Energéticas, Medioambientales y Tecnoldgicas (UNIDAD MIXTA
CCST-PA CIEMAT), Madrid, Spain.

136 pediatric Neurology Unit, Department of Pediatrics, Univer-
sity Hospital Reina Sofia, Cérdoba, Spain.

137 Dept, de Genética, Microbiologia i Estadistica, Universitat de
Barcelona, Barcelona, Spain.

138 Molecular Genetics, Instituto de Investigacién de
Enfermedades Raras (lIER), Instituto de Salud Carlos IIl (ISCIII), Madrid,
Spain.

139 Department of Fundamental and Medical-Surgical Nursing,
School of Nursing, Faculty of Medicine and Health Sciences,
Universitat de Barcelona, Barcelona, Spain.

140 Department of Molecular Biology and Biochemistry, Univer-
sity of Malaga, Malaga, Spain.

141 |nstitute of Biomedical Research in Malaga (IBIMA), Mélaga, Spain.

142 Biochemistry Section, Faculty of Biochemistry and Environ-
mental Sciences and Regional Centre for Biomedical Research,
Universidad de Castilla-La Mancha, Toledo, Spain.

143 Departamento de Biologia Celular e Histologia, Facultad de
Biologia, Universidad de Murcia, Murcia, Spain.

144 |nstituto de Neurociencias (CSIC-UMH), Sant Joan d'Alacant,
Spain.
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145 Unidad de Cancer Familiar, Programa de Genética del Cancer
Humano, Centro Nacional de Investigaciones Oncoldgicas (CNIO),
Madrid, Spain.

146 Oncology Department, Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain.

147 Fundacié Dexeus Salut de la Dona, Barcelona, Spain.

148 Departament de Psicologia Clinica i de la Salut, Universitat
Autonoma de Barcelona, Bellaterra, Barcelona, Spain.

149 Dermatology Department, Melanoma Unit, Hospital Clinic
Barcelona, Barcelona, Spain.

150 Molecular Biology CORE, Biomedical Diagnostic Center
(CDB), Hospital Clinic de Barcelona, University of Barcelona, Barce-
lona, Spain.

151 Unidad de Genética Clinica, Servicio de Pediatria, Hospital
Clinico Universitario “Lozano Blesa”, Zaragoza, Spain.

152 Reproductive Genetics Unit, IVI, Madrid, Spain.

153 Pharmacy Department, Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain.

154 pediatric Neurology Unit, Department of Pediatrics, Hospital
Universitari Germans Trias i Pujol, Universitat Autonoma de Barce-
lona, Catalonia, Spain.

155 Molecular Biology and Biochemistry Research Centre for
Nanomedicine (CIBBIM-Nanomedicine), Vall d'Hebron Institut
de Recerca, Universitat Autonoma de Barcelona, Barcelona,
Spain.

156 BCNatal - Fetal Medicine Research Center (Hospital Clinic and
Hospital Sant Joan de Déu, University of Barcelona), Barcelona, Spain.

157, Hospital Universitario de Canarias, Universidad de La Laguna,
Santa Cruz de Tenerife, Spain.

158 - Quantitative Genomic Medicine Laboratories (qGenomics),
Esplugues del Llobregat, Spain.

159 Epilepsy Unit, Neurology Service, Hospital Universitario and
IIS Fundacion Jiménez Diaz, Madrid, Spain.

160 Neuromuscular & Ataxias Research group, Instituto de Inves-
tigacion Sanitaria La Fe, Valencia, Spain.

161 University of Valencia School of Medicine, Valencia, Spain.

162 Servicio de Genética Clinica y Molecular, Hospital Val
d'Hebron, Barcelona, Spain.

163 Skeletal dysplasia multidisciplinary Unit (UMDE), ERN-BOND,
Hospital Universitario la Paz, Madrid, Spain.
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