Now, You can help us
Molecular Diagnostics Unit,
Fundación Rioja Salud, Spain

Who are we?
The Molecular Diagnostics Unit began its activity
in 2009. Since then, it has worked on genetic
diagnosis of rare diseases and hereditary cancer,
as well as pharmacogenetic tests that allow for the
determination of the response that an individual
will have to certain drugs.
Our group has extensive experience in clinical
genetics and has worked in three research areas:
rare diseases, especially those with associated
intellectual disability (ID), biomarkers in cancer,
and non-invasive prenatal genetic diagnosis, as
part of the European project "A New GEnetic
LABoratory” for non-invasive prenatal diagnosis
(ANGELab), with an endowment of €11M.
The Unit has a multidisciplinary team made up of
doctors in several areas of Health Sciences
(Genetics, Cell and Molecular Biology,
Biochemistry and Pharmacy), with significant
research experience, extensive experience in
molecular diagnostics, etc., which gives them the
necessary skills to perform these activities.

In addition, our group collaborates with different national and international entities and groups:

 Spanish Association for Rubinstein-Taybi Syndrome (AESRT, in
Spanish) and different national and international hospitals.
 Prof. Raoul Hennekam from Department of Pediatrics,
Academic Medical Center, University of Amsterdam, Netherlands.

 Dr. Manel Esteller and Dr. María Berdasco from IDIBELL, Spain.

 Prof. Didier Lacombe from Bourdeaux University, France.

 Dr. Josep Mª Padró and Dr. Leif Hove-Madsen from Hospital Santa Creu i Sant
Pau and Sant Institute for Biomedical Research, Spain.



Dr. Saadet Mahmutoglu. Division of Clinical and Metabolic Genetics, The
Hospital for Sick Children, Toronto, Canada.

 Dr. Vincenzo Salpietro from Department of Molecular Neuroscience, Institute of
Neurology, London, UK.

Our group has also participated in other research projects funded by different organizations, such as:
 A New Genetic Laboratory for Non-Invasive Prenatal Diagnosis (ANGELAB). 4-year Project
(01/10/2012 - 09/30/2016), financed by the European Union, within the VII Framework Program and
endowed with 11.000.000 € (Subproject amount to our group: 1,200,000 €).
 Analysis of the SEPT9 and ALX4 biomarkers in individuals susceptible to colorectal cancer
screening. One-year project (02/01/2011 - 02/01/2012), financed by the Spanish Cancer Association
(AECC, in Spanish) with € 16,000.
 Development of a detection system in fecal samples, for relevant mutations in colorectal cancer. One
year project (01/01/2010 - 01/01/2011), funded by Fundación Rioja Salud with € 4,000.
In our group, several Ph.D.’s have also been conferred. Dr. García-Oguiza, Neuropediatrician from San
Pedro Hospital is working on his Ph.D. which covers clinical aspects and phenotype-genotype correlation in
patients with Rubinstein-Taybi syndrome. It will be defended in 2020.
Our group has published several articles in high-impact scientific journals:

In collaboration with
several European groups,
description of a large
group of Rubinstein-Taybi
patients

In collaboration with a
German group participating
in Angelab project.
Recommendations for
microarray use in prenatal
diagnosis

And the following were also submitted for publication:
Familial case report: de novo variant in NDS1 gene causing atypical Sotos syndrome. García-Oguiza, A.,
López, M., Domínguez-Garrido, E., Clin Genetics 2017.
López M, Cervera-Acedo C, Santibáñez P, Salazar R, Sola JJ, Domínguez-Garrido E. A novel mutation in
the CDH1 gene in a Spanish family with hereditary diffuse gastric cancer. SpringerPlus. 2016 Jul
26;5(1):1181. doi: 10.1186/s40064-016-2852-7.
Schuler F, Trotter M, Geltman M, Schwemmer F, Wadle S, Domínguez-Garros E, López M, Cervera-Acedo
C, Santibáñez P, von Stetten F, Zengerle R, Paust N. Digital droplet PCR on disk. Lab Chip. 2016 Jan
7;16(1):208-16. doi: 10.1039/c5lc01068c.
Phenotype variability in a large Spanish Family with Alport syndrome associated with novel mutations in
COL4A3 gene. Cervera-Acedo, C; Coloma, A; Huarte-Loza, E; Sierra-Carpio, M and Domínguez-Garrido,
E. BMC Nephrology. In press, 2016.
Evaluation of mSEPT9 biomarker in plasma sample for early detection of colorectal cancer. Cervera-Acedo,
C; Pascual-Irigoyen A., Domínguez-Garrido, E. Tumor Biology. Editor review, 2017.

Our research results have been published in
different national and international genetics
congresses through conferences and/or poster
presentations:

• Molecular diagnosis of these patients has been
performed.
Through our research studies, genetic diagnosis
was provided to 55 of the 74 patients (74%). The
clinical suspicion of RTS was confirmed
genetically in 46 (62.2%), while in 9 cases
(12.2%) other non-RTS pathologies were
determined. In 19 (25.7%) no mutations were
found related to RTS nor to other known
pathologies.
We have over 25% cases with no known
molecular cause that can explain the clinical
manifestations of these patients.
What are our objectives?
Our aim is to increase knowledge of the epigenetic
and molecular mechanisms of RTS and find new
genes that could be related to the syndrome. The
complexity of RTS in particular, and of conditions
that involve intellectual disability in general make
it necessary for information to be integrated at
different levels, to ascertain not only the genes
involved but also the specific molecular
mechanisms that can modulate the expression of
the symptoms and produce the existing wide
variety of phenotypes.

Our project:
What do we want to do?
Through collaboration with the Spanish
Association for Rubinstein-Taybi Syndrome and
with different hospitals, 74 patients diagnosed
with RTS were studied in our Unit:
• Clinical records have been completed with a
detailed description of the phenotypes. Informed
consents have been collected for the study, and for
the pictures and the publication of results in
scientific journals.

Obtaining this knowledge would improve the
diagnosis, both in its preciseness and in its early
application, and would also allow to forecast the
patient’s evolution, allowing optimization of the
management and care of the patient. Also, if we
are able to have insight into the specific molecular
pathways that are affected when CREBBP, EP300
or other genes to be identified are altered, this
would help in finding new therapeutic targets that
finally yield an effective treatment for the
symptoms associated with this syndrome.
Multi-discipline Project
At our Diagnostics Unit we believe that a research
pipeline integrating all the implicated molecular
perspectives, genomics, transcriptomic, proteomic
and functional studies is key to find out the
molecular mechanisms that produce specific
symptoms.
For this purpose, apart from comparative studies
of patients and control subjects, this Project
pretends to generate cellular models representative
of RTS in which functional studies can be

performed, which will allow to find out the
mechanisms that are altered in target tissues for
this type of syndromes with ID. For this, we will
work with neuronal lines where a wide array of
mutations previously associated with RTS will be
made, as well as knock-outs and overexpression
models of CREBBP and EP300, using CRISPRCas9.
Finally, this Project aims to establish a phenotypic
severity scale that will allow to make the clinical
assessment of patients with RTS, leading to an
improvement in the precision of the diagnosis
based on phenotype for the patients and their
families, and also to study the correlation
phenotype/genotype.
What are the next steps?
•
Creation of an objective phenotypic scale
•
Creation and preservation of cell lines
•
Create mutations characteristic of RTS in
cellular models via CRISPR-Cas9. Generate

overexpression and
CREBBP and EP300.

knock-out

models

for

The following will be performed with blood
samples from RTS patients and controls and also
from cell cultures:
•
DNA and RNA extraction and lymphocyte
isolation.
•
Expression studies: specific for CREBBP
and EP300 and also general transcriptome profile
to determine expression patterns specific for RTS
and downstream genes involved.
•
Histone extraction and studies of specific
acetylation status.
•
Interaction studies and identification of
genes associated with altered epigenetic profile in
RTS.
•
Protein analysis and functional studies.
•
Creation of an objective phenotypic scale
•
Analysis, assessment and distribution of
results.

What are the timelines?
These are the phases for the Project for the next 3 years with a chronologic breakdown of tasks:

What results do we expect to achieve?
Since there is a clear relationship between syndromes with intellectual disability (ID) and alterations in the
functioning of the epigenetic machinery, specifically in RTS, this project is expected to establish a
relationship between this syndrome and some epigenetic modifications (miRNAs, DNA methylation and
histone acetylation). The use of all applicable molecular aspects, genomic, transcriptomic, proteomic and
functional studies will allow to ascertain the molecular mechanisms that lead to this pathology, find new

potentially involved genes and possible compensatory mechanisms that can modulate the correlation
genotype-phenotype.
This project will help to find a molecular explanation to RTS, with a special interest in 35% of the cases
which do not have a molecular diagnosis. In addition, an attempt will be made to find an explanation for
phenotype variations and standardize their clinical assessment, which will facilitate the diagnosis and
prognosis of the syndrome.
Results obtained in this project will open the way for genetic diagnosis of other intellectual disabilities that
are currently still not associated with any particular gene.
Furthermore, considering the reversible nature of epigenetic modifications and that some therapeutic
approaches are focused on restoring possible epigenetic imbalances (CRISPR / Cas9 gene editing), the
mechanisms described in this paper could delineate the steps to be followed in the discovery of new
treatments.
It should be noted that the partnerships established in this project with national and international entities will
allow the creation of networks related not only to RTS, but also to other rare diseases within the group of
diseases with ID.
This project promotes translational research through cooperation between hospitals, universities and
research centers, as well as with patient associations, Rare Disease working groups, etc.
The process of transferring basic sciences knowledge to the search for effective therapeutic or preventive
interventions requires an endless interaction, a deliberate exchange of resources and knowledge, to ensure
that the discoveries in basic science benefit patients. The objective is to efficiently apply the knowledge of
cellular, molecular, physiological, chemical or genetic processes to the search of effective treatments or
prevention techniques or diagnosis, with a bench-to-bedside approach.

What do we need?
Funding is needed to carry out this research project. Estimated budget for the next 3 years:
Description
MATERIAL
Cellular cultures
Culture Lines, media and reagents, culture material
Genome editing
Plasmids and reagents CRISPR/Cas9, primers, culture
Acetylation profile – Western Blot
Gels, membranes, reagents
Expression studies CREBBP/EP300
Primers, SYBR, plates, reagents
Antibodies
Antibodies for WB, ChIP, secondary
Extraction and purification of histones and nucleic acids
Extraction Tubes, purification and quantification kits
CBP/p300 quantification
Commercial ELISA assay
ChIp seq
Immunoprecipitation kit, sequencing
RNA seq
GeneChip Assay, software
General lab material

Cost
Euro)

(in

8,587.92
5,182.80
8,539.20
4,472.10
13,630.80
4,502.40
1,824.00
5,036.40
38,400.00

Tips, gloves, reagents, material
TRIPS AND MEALS
Registration and stay at international congress
MISCELLANEOUS
Publications in scientific journals
TOTAL

5,000.00
1,500.00
3,500.00
100,175.62

Rare Diseases (RDs)
What is a Rare Disease?
A disease is considered rare when it affects a limited number of individuals, defined in Europe as less than 1
in 2,000 citizens (EC Regulation on Orphan Medicinal Products). Patients and their support associations
make it clear that it is crucial to realize that "it can happen to anyone, at any stage of life. Moreover, it is not
strange to have a rare disease."

How many people are affected by Rare Diseases?
The fact is that, although a disease may be considered "rare", it is estimated that approximately 6-8% of the
world population is affected by these diseases, or over 3 million Spaniards, over 50 million Europeans or
over 20 million US inhabitants.
Rare diseases not only affect the diagnosed, but also families, friends, caregivers and society as a whole.

How many types of rare diseases are there?
Estimates point to 5,000 to 7,000 different rare diseases that affect patients in their physical capacities,
mental, sensory and/or behavioral abilities.

What characterizes rare diseases?
Most rare diseases are genetic and are present throughout a person's life, even if the symptoms do not appear
immediately.
Rare diseases are, for the most part, chronic and degenerative. In fact, 65% of these pathologies are serious
and incapacitating and are characterized by:
 Early onset in life (2 out of 3 appear before 2 years of age)
 Chronic pain (1 in 5 patients)
 Development of motor, intellectual or sensory issues in half of the cases, which lead to reduced
autonomy (1 in 3 cases)
 Vital prognosis being at stake in almost half of the cases, since 35% of deaths are attributable to rare
diseases before one year of life, 10% between 1 and 5 years, and 12% between 5 and 15 years.

What are the main problems of those who have a RD?
Diagnosis
Undoubtedly, one of the main problems faced by individuals with rare diseases, from the first moment, is the
lack of diagnosis. This is due to multiple reasons; the main ones being the lack of knowledge about these

pathologies, the difficulty to have access to the necessary information and the location of professionals or
specialized centers.
Treatment
Orphan drugs are not profitable to develop because they target less than 5 in 10,000 patients. Thus, 43% of
individuals with these pathologies do not have treatment or if it is available, it is not appropriate.
All of this translates into impediments to improving the quality of life of millions of patients with rare
diseases worldwide. To this must be added the lack of information of the population in general, and lack of
support groups for these people in several countries.

Intellectual Disability (ID)
Intellectual disability or cognitive impairment is characterized by significant limitations in both intellectual
functioning and adaptive behavior and encompasses many everyday social skills and practices. This
disability originates before the age of 18.
These limitations cause the child to learn and develop more slowly. These children may take longer to learn
to talk, walk, and learn basic personal care skills such as getting dressed or eating. Furthermore, they may
not be able to learn certain skills.
Approximately 2-3% of the population suffers from ID. In Europe, there are over 5 million people with
intellectual disabilities, while approximately 6.5 million people in the United States have an intellectual
disability.
25% of the cases are due to a genetic disease, where 5% are inherited from one of the parents. However, the
origin remains unknown in about 95 million people.
Some of the syndromes with associated ID include: Down Syndrome, X-Fragile Syndrome, Rett Syndrome,
Angelman Syndrome, Cornelia de Lange Syndrome, and Rubinstein-Taybi Syndrome.

Rubinstein-Taybi Syndrome (RTS)
Rubinstein-Taybi syndrome (RTS) is a multisystemic genetic disorder that affects both men and women
alike. It is a syndrome with variability in its clinical expression.
Its incidence in the general population is difficult to know, since many cases may be unidentified or
misdiagnosed, but the frequency is estimated at around 1 case in 100,000 to 125,000 births.
It is characterized by the presence of broad thumbs and broad big toes, facial abnormalities, growth
retardation and ID that can vary from moderate to severe. Other features include: microcephaly, arched
eyebrows, long eyelashes, palpebral fissures of descending inclination, convex nasal profile, prominent
columella, arched palate, and micrognatia. Other physical features that may be present include ocular
abnormalities (nasolacrimal duct obstruction, congenital glaucoma, refractive errors), a series of congenital
heart abnormalities (interventricular and interatrial communication, persistent ductus arteriosus), joint
hypermobility and cutaneous anomalies (in particular, formation of keloids). In addition, feeding difficulties
are often observed in the neonatal period, and respiratory infections are very common in early childhood and
childhood. Constipation is often a lifelong problem and patients may be overweight in late childhood or
early puberty. During childhood, patients have excellent social skills. In adulthood, sudden mood swings and
obsessive-compulsive behavior become more and more frequent.

What are the causes of Rubinstein-Taybi syndrome?
RTS is an autosomal dominant disease. Most cases are sporadic and occur due to de novo mutations. Two
genes related to this syndrome have been described: CREBBP gene, located on chromosome 16p13.3, which
encodes a CREB binding protein (CBP) and the EP300 gene, located at 22q13.2, and encodes p300 protein
associated with E1A.
In 50-60% of cases, RTS is caused by mutations in the CREBBP gene (STR 1, OMIM # 180849), and in 58% of cases in EP300 (RTS 2, OMIM # 613684). The mutations described range from point mutations to
complete gene deletions and chromosomal rearrangements throughout the gene.

How is it diagnosed?
The diagnosis of RTS is essentially clinical and is based on the presence of characteristics such as wide,
angulated thumbs and broad big toes, typical of RTS, as well as the presence of typical dysmorphic features
and early medical problems such as gastroesophageal reflux or recurrent infections. While some children are
diagnosed at birth because of the severity of symptoms, others have milder manifestations and may not be
diagnosed until adolescence or even be undiagnosed.
Genetic analysis of CREBBP and EP300 confirms the clinical diagnosis in approximately 65% of the cases,
while the other 35% still do not have a genetic diagnosis.

Management and treatment
Treatment is mainly symptomatic. Specialized educational programs focusing on early psychomotor
development and speech therapy are needed.

Our group
Elena Dominguez-Garrido
graduated
in
Biochemistry from the University of Zaragoza in
1999 and obtained a degree in Chemistry (major
in Organic Chemistry) in 2002 from the
University of Zaragoza. In 2006, she obtained a
PhD from the same University with her doctoral
thesis on aging and mitochondrial DNA. She
studied at the IGBMC (Institut de Génétique et de
Biologie Moléculaire et Cellulaire) with Professor
Jean-Louis Mandel in Strasbourg and with
Thomas von Zglinicki at Newcastle University. In
2000 she became the Technical Director of the
Genetic Analysis Center of Zaragoza. In 2008 she
joined the Rioja Salud Foundation where she is
Head of the Molecular Diagnostics Unit.

María López Martínez holds a bachelor's degree
in Biochemistry from the University of Zaragoza
since 2006. She received her doctorate from the
University of La Rioja, where she obtained the
qualification of Outstanding Cum Laude in 2011.
She worked at the Institut für Nutztiergenetik
(Friedrich Loeffler-Institut) in MarienseeNeustadt, Germany, and at the Hospital Ramón y
Cajal, Madrid. From that time until 2013, she
worked at the Center for Applied Medical
Research (CIMA, in Spanish) in Pamplona, as
Postdoc in the Department of Gene Therapy and
Hepatology. In 2013, she joined the Molecular
Diagnostic Unit, where she participated in the
"ANGELab" project. She is a member of the
College of Biologists of Navarra/La Rioja and the
Spanish Association of Human Genetics and the
European Society of Human Genetics. She has
participated in over 30 publications in scientific
journals, and has presented numerous publications
at congresses, both national and international.

Cristina Cervera Acedo, holds a PhD in
Pharmacy from the Complutense University of
Madrid since 2004. She obtained the Specialty in
Clinical Analysis, via FIR, at Hospital San Pedro
de Logroño in 2010. That same year she joined the
Molecular Diagnostics Unit. In 2011, she
participated in a study funded by the Spanish
Cancer Association (AECC, in Spanish), with
which she carried out her thesis work receiving in
2016 her PhD from the University of Zaragoza.
She has participated as an author in several articles
in the field of rare diseases and cancer and has
presented several communications to national and
international congresses.
Paula Santibáñez Saénz holds a bachelor's
degree in Biology and Biochemistry from the
University of Navarra since 2006. She completed
her PhD in 2015. She has worked at the
Department of Pathology of the University of
Texas Medical Branch in Galveston, United States
and in the Department of Animal Pathology
Animal Health at the Faculty of Veterinary
Medicine of the University of Zaragoza. She has
participated in several publications in scientific
journals, and has presented numerous publications
to congresses, both national and international.
Jana
Aguirre
Lambán
graduated
in
Biochemistry from the University of Zaragoza in
February 2004. She completed her doctoral thesis
at the Genetics Department of the Jiménez Díaz
Foundation, where she was awarded Outstanding
Cum Laude in 2009. In October 2010 she joined
the Molecular Diagnostics Unit. She is a member
of the Spanish Human Genetics Association
(AEGH, in Spanish) and the European Society of
Human Genetics (ESHG). She holds accreditation
in Human Genetics since 2015.

