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Saludation

The Instituto de Neurocien-
cias (IN) recently celebrated 
its 20th anniversary as the 

largest research center dedicated 
to brain research in Spain and as 
an international benchmark. Our 
story is a story of vision, effort, 
perseverance and success that 
started 35 years when a group of 
neuroscientists, working at that 
time in the Universidad de Ali-
cante, had the idea to create an 
international institute dedicated 
to the study of the structure and 
function of the nervous system at 
the Mediterranean shore. Thanks 
to the effort of many people, this 
idea became a reality and the suc-
cessful path traced by the IN pre-
vious directors, Professors Carlos 
Belmonte (1999-2007) and Juan 
Lerma (2007-2016), stimulating 
quality research and scientific ex-
cellence as a guiding principle, 
has led our center to reach high 
levels of international leadership. 
The IN has maintained through-
out its trajectory a growing level 
of publications with high scientific 
impact in internationally prestig-
ious journals. Many of the estab-
lished IN groups are leaders in 
their respective fields of research. 

In the last two years, IN research-
ers have published more than 160 
articles that received thousands 
of citations, including very rele-
vant findings presented in jour-
nals of the highest impact. Thanks 
to the accreditation as a “Severo 
Ochoa Center of Excellence” we 
have been able to develop an am-
bitious and multidisciplinary re-
search program, undertake new 
methodological initiatives and re-
cruit talented young researchers. 
This has been the case even in a 
particularly difficult period such 
as the one covered in this report. 
The difficulties confronted in 2020 
due to the COVID-19 pandemic did 
not slow down our researchers in 
their ambitious goals of generat-
ing knowledge about the function 
and development of the brain and 
its pathologies. Two new research 
groups initiated their trajectory 

in our institute in 2019, and three 
more joined in 2020, shortly after 
the lockdown. The talent, energy 
and creativity of the new hires 
represent an exceptional asset 
that guarantee the future of the 
IN. These achievements also de-
pend on the excellent work and 
professionalism of the research 
and administrative support staff, 
which makes the experimental 
work and the financial resources 
of the researchers more efficient. 
For all these reasons, we would 
like to thank and congratulate all 
the researchers and employees of 
the IN, as well as to all the people 
who have contributed and contrib-
ute to the excellence and vitality 
of our institution. We also want 
to thank the Institutions to which 
we belong, CSIC and UMH, for the 
continuous support of our activity 
and growth.

Salvador Martínez, Director (until September 2020)

Ángel Barco, Director (since October 2020)
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A bit of history

Who We Are

The IN, a joint center of the Spanish Research 
Council (CSIC) and the Universidad Miguel 
Hernández de Elche (UMH), is today the largest 
publicly funded center dedicated to brain re-
search in both normal and pathological conditions 
in Spain. This is achieved through a multidiscipli-
nary approach towards the study of the struc-
ture, function and development of the nervous 
system at the molecular, cellular and integrative 
levels. More than 300 people dedicate all their tal-
ent and effort to progress in our understanding 
of the biological basis of brain function and the 
mechanisms of brain disease. The IN maintains a 
balanced ratio between men and women, even at 
the highest management positions, and a high 
level of internationality that we are committed 
to increase to become an international center of 
reference in neuroscience. The accreditation as a 
“Severo Ochoa Center of Excellence” in 2014 and 
its renewal in 2018 have allowed us to develop 
an ambitious and multidisciplinary research pro-
gram, undertake new methodological initiatives 
and recruit talented young researchers.

A bit of History 

In 1990, the Valencian Government formally rec-
ognized the Instituto de Neurociencias (IN) at 
the Universidad de Alicante (UA) as a University 
Institute, constituted by a group of its research-
ers that, since 1985, had been dedicated to the 
study of the structure and function of the nerv-
ous system. Moving beyond the typical universi-
ty departmental structure, members of the new 
Institute began to share not only their ideas but 
also funding and resources in order to improve 
their research environment. At the same time, a 
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Ph.D. Program was created to train young scien-
tists in the field of neuroscience. 

Five years later, the IN became an “Associated 
Unit” of the Instituto Cajal del Consejo Superior de 
Investigaciones Científicas (CSIC), and the first two 
CSIC research groups moved to the “Associated 
Unit” in Alicante. In 1996, the Institute along with 
the School of Medicine was transferred to the 
newly created University Miguel Hernández of 
Elche (UMH). During this period the Institute was 
physically located in the building of the School of 
Medicine, at the San Juan Campus site.

In 1999, the IN was formally created as a Joint 
Centre of the UMH and CSIC. Since then, the IN 
has gathered scientists belonging to both insti-
tutions and actively recruited young research-
ers providing a favorable environment for the 
creation and consolidation of new groups. In 
2001, the UMH initiated the construction of a 
new building dedicated to house the IN with the 
support of the Valencian Government. Furniture 
and laboratory equipment were provided by the 
CSIC. Researchers moved into the new premises 
in 2004, whilst building was officially inaugurated 
on the 26th of September, 2005 by Her Royal 
Majesty Queen Sofía of Spain.

The years following the relocation of the IN to its 
current building have seen an important period 
of expansion, resulting in the IN becoming the 
largest Spanish institute monographically dedi-
cated to the study of the nervous system and its 
pathologies. The increase in personnel has been 
in both young and senior researchers, several of 
them of recognized international prestige. The 
IN currently host 33 research groups with more 
than 250 researchers (See graphic IN in Numbers: 
Personnel).

The Consolider-Ingenio research grant received in 
2007 provided solid ground for the growth and 
consolidation of the IN as a national reference in 
neuroscience research. Later, the acreditation as 
“Center of Excelence Severo Ochoa” in 2014 and 
its renewal in 2018 have enabled the consolida-
tion of our project through the development of an 
ambitious and multidisciplinar research program. 
In 2019, we celebrated our 20th Anniversary with 
the strong vocation of continuing growing and 
progressing towards a better understanding of 
the brain and its disorders and stay as the flag-
ship of neuroscience research in Spain.



The IN is located in the town of Sant Joan d’Alacant, 7 Km from the city of Alicante and 
less than 3 Km away from the Mediterranean Sea, in a region favoured by an exceptional 
climate throughout the year. The IN is situated in the Health Sciences Campus of the 
UMH, which provides ample opportunity for interaction with the Schools of Medicine and 
Pharmacy, the University Hospital of San Juan, the Health Sciences Library and other 
institutions located in the campus.

The IN houses over fifty laboratories for independent research groups in a building of 
approximately 9,000 m2 distributed over four floors. Approximately 30% of the building 
houses common facilities with state-of-the-art research equipment for leading edge 
research in neurosciences.

L.M. Gutiérrez
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Where We Are



ORIGIN
Non-Nationals 12%

Spanish nationals 88%

PUBLICATIONS

IMPACT

Web of Science

Mean	IF

In the period 2019 to 2020

100

40% Male staff
60% Female staff
GENDER
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The Institute in Numbers

PERSONNEL

43
11

7

118

174

TENURE
Full tenure research staff

NON-TENURE
Non- tenure research staff

SUPPORT
Administrative & technical staff

PREDOC
Predoctoral staff

56 POSTDOC
Postdoctoral staff

IN scientists have achieved both national and international recognition, as evidenced by 
their participation in multiple national and international programmes, and their success 
in obtaining competitive international funding and awards. The number and impact 
of publications place the IN as one of the highest-ranking research centers in Spain, 
competitive at the European level (See graphics Impact Factor and Budget).



One of the greatest challenges facing today’s 
science and society is to understand the brain
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What We Do
Our main activity is RESEARCH. The IN has contributed through-
out its trajectory to many key discoveries presented in publications 
in internationally prestigious journals with high scientific impact. 
Thanks to the scientific talent and the quality of their projects, our 
researchers obtain a high degree of competitive funding that allows 
us, as an institute, to maintain technologically advanced research 
support services. The joint participation in the calls for infrastruc-
ture, articulating needs and efforts, have served to incorporate the 
most modern techniques and technologies into the Center, which 
allow our researchers to carry out the most advanced experiments 
and progress in the knowledge of the brain on equal terms with our 
European and American colleagues. The repercussion of a better 
understanding of the brain in the construction of the society of the 
future is enormous. Neuroscience is called to modify human atti-
tudes and customs towards higher levels of well-being, as well as 
improve adaptation to the new circumstances that humanity faces. 
The IN aspires to contribute to this task. 

We have an external Scientific Advisory Board (SAB) that evaluates 
our scientific production and advises on the research activity and 
strategies of the Institute. Our current SAB is chaired by Claudio 
Sterm (UCL, UK) and includes Ranulfo Romo (UNAM, Mexico), María 
Blasco (CNIO, Spain), Magdalena Götz (MCN, Germany) and Michael 
Häusser (UCL, UK).

The IN researchers are not only committed to the challenge of un-
derstanding how the brain works; the research of many groups has 
a strong translational orientation. The IN aspires to become a ref-
erence in terms of TRANSLATION and collaboration between basic 
and clinical researchers in different disciplines. 

The IN is also firmly committed to INNOVATION. The initiative of 
the Generalitat Valenciana to create a Valencian Innovation Agency 
(AVI) to stimulate the transfer of research results to industry and 
society, has allowed the creation of an associated Scientific Unit 
for Business Innovation (UCIE) to the IN, called IN.PULSE, which we 
hope will contribute to increasing the social impact of our research 
on the Valencian economy and industry, as well as the well-being 
of citizens. The first results have begun to be evident in this period.
The IN is also a teaching institution that wants to spread excellence 
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in academic and technical education in neuroscience. The IN has 
a strong vocation for TRAINING and EDUCATION and aspires to 
train new generations of neuroscientists. Our researchers togeth-
er with the UMH maintains very attractive international Master and 
PhD programs in Neuroscience. Our PhD program has been award-
ed with a mention as “Programme of Excellence” by the Ministry of 
Education and has ran for more than 20 years forming hundreds 
of neuroscientists, some of which are today leaders in their fields. 
In addition, during the Academic Year 2015-2016 we started the 
International Master in Neuroscience: from bench to bedside. This 
is a one-year course totaling 60 ECTS on both basic and advanced 
aspects of neuroscience taught by University and CSIC lecturers in 
collaboration with the Developmental Biology Master of the Insti-
tute Pasteur and the University Paris VI (Pierre et Marie Curie).

The training vocation of the IN extends to society in general. The 
IN organizes various scientific OUTREACH activities, the most nota-
ble of which is the celebration of World Brain Week with a week of 
open doors that in 2019 reached record participation figures (more 
than 2,500 visitors) and had live radio and television broadcasts of 
UMH and RNE. In 2020, the pandemic situation caused by COVID-19 
forced us to cancel this activity, already very popular in Alicante 
society, which we hope to resume when possible.

The IN is very active in the establishment of COLLABORATIONS & 
ALLIANCES with prestigious international institutes, which allows 
interchange of researchers, achieve a critical mass of internation-
al leadership and access to complementary technologies, and with 
other institutions and active forces in our society interested in pro-
moting research and education in neurosciences.
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Research Lines & Strategic Plan
One of the greatest challenges facing today’s science and society is 
to understand the brain and the biological basis of human behav-
ior, including functions as diverse as movement control, language, 
sensations, emotions or consciousness. The promotion of adequate 
educational programs based on a better understanding of brain 
maturation, the increasing requirement for resilience to compensate 
brain fragility during life, together with the necessity of combat high 
prevalent psychiatric and neurodegenerative illnesses, represent 
growing health problems and an important social burden in devel-
oped western countries. Unfortunately, there is still relatively little 
knowledge about the cellular and molecular underpinning of com-
plex brain functions and the causes of mental illnesses, and for this 
reason there is an increasing interest on the study of the nervous 
system.

The IN wrote its first strategic plan in 2005. Since then, we have 
designed an implemented four 4-year strategic plans that shaped 
the research and growth if our Institute and enable our positioning 
as a center of excellence in the European research area. We moved 
towards multi-disciplinary approaches and strengthened research 
around pathologies of the nervous system. The acquisition of cut-
ting-edge technology platforms, such as imaging techniques and 
omic methodologies aimed at studying and exploring the brain, is 
another goal of IN. The institute has an international vocation and 
continues to seek the incorporation of leading scientists from all 
countries, and intensive collaboration with other research centers, 
particularly in Europe. The increase of our scientific impact, the in-
ternational teaching offer and the interaction with technological in-
stitutes to stimulate innovation platforms, are three lines of work to 
drive new challenges in the current Action Plan of the IN for 2018-
2021.

SCIENTIFIC OBJECTIVES

In addition to the organization in three Departments, there is a sec-
ond level of organization based on the seven research lines defined 
in The Strategic Research Plan of the IN (IN-SRP). These constitute 
a horizontal organization gathering members of different Depart-
ments around more specific research subjects. This horizontal (re-
search lines)-vertical (Departments) structure favors synergistic in-
teractions between our researchers, through an understanding of 
the brain from different viewpoints, disciplines and techniques.
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The main objective of the IN-SRP is to increasing knowl-
edge about normal brain function and the biological 
roots of brain diseases, to improve prevention, diag-
nostics, therapies and prognosis.

The main research lines in the IN-SRP are:

IN-SR line 1.- Determining the genetic and epigenetic 
mechanisms that regulate and coordinate morphogen-
esis in the central and peripheral nervous systems.

IN-SR line 2.- Towards a better understanding of axon 
guidance and migratory cell movements during devel-
opment.

IN-SR line 3.- Deciphering the molecular and function-
al mechanisms orchestrating neuronal connectivity 
and brain wiring.

IN-SR line 4.- Systems neuroscience: to study the mo-
lecular and functional mechanisms controlling synap-
sis formation, maturation and sensory transduction.

IN-SR line 5.- To shed light onto the pathophysiolog-
ical mechanisms causing degenerating brain diseases 
and cancer.

IN-SR line 6.- Understanding the role of inflammation 
in normal and pathological brain function.

IN-TSR line 7: A transversal SR line is to shed light on 
the pathophysiological mechanisms of mental diseases 
at molecular, cellular, and system levels and to imple-
ment ultra-high-throughput functional screening plat-
forms for gene and drug discovery in diseased animal 
models.

These lines represent a multidisciplinary approach to 
study the molecular and cellular mechanisms underly-
ing brain morphogenesis, synaptic establishment and 
maturation in sensorial, motor, social and emotional 
neuronal circuits; to finally understand how combi-
natory function of these circuits explain perception, 
cognition and behavior. We must face the challenges 
that lie ahead for the neuroscience of the future, fun-
damentally based on the holistic knowledge of devel-
opment and maturation of brain activity throughout 
all periods of life, to understand the neurobiological 

mechanisms of normal and altered behavior. It is nec-
essary to integrate the genetic, molecular and struc-
tural study of the brain with the dynamism of time, 
progressively applied to all levels, neurons and glia, 
from synaptic function to connectome, as well as to 
gender differences. The time setups the hierarchical 
order in the processes that underlie mental activity, 
defining biomarkers and their dynamic evolution, and 
identifying values of normality with their margins of 
confidence. Biomarkers are also needed to explore the 
mechanisms of neuroplasticity and resilience, whose 
knowledge will allow clear diagnoses to address bet-
ter therapeutic strategies. Therefore, we have to in-
corporate time in our research designs in both senses, 
exploring organisms along their life periods and visu-
alizing neural processes in real-time sensitive techno-
logical devices. The IN during the last few years has 
increased technology to visualize in vivo processes and 
approach real time experiments.

In parallel to the accomplishment of our scientific pro-
ject we plan to increase the quality of the scientific pro-
duction and international impact of our publications, 
in order to improve our capacity to obtain grants and 
technical contracts. A requirement to properly achieve 
this program, and also as a consequence of its results, 
is to promote specialization, stabilization and promo-
tion of our worker’s categories, looking for higher qual-
ity in technical services and a more coherent equilibri-
um between research and technical staff in the IN. 
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Developmental Neurobiology
The Developmental Neurobiology Department consists of ten research groups devoted to study the 
development, evolution and repair of the nervous system and to understand the developmental 
origin of pathologies using both vertebrate and invertebrate animal models. This research includes 
pattern formation, growth control and cancer, neurogenesis, cell migration and plasticity, differen-
tiation, reprogramming, axonal guidance and synaptogenesis. We combine genetic, cellular, molec-
ular and experimental embryology approaches with state-of-the-art imaging techniques and single 
cell “omics”, and apply cross-level integration from cells to the whole organism.

Research Units
The Institute is organized in three research Departments. Each Department is formed by scientists 
that share general research interests and technical approaches.

Cellular & Systems Neurobiology
Research groups in the Cellular and Systems Neurobiology Unit study the integrative processes 
of the nervous system combining molecular, electrophysiological, optogenetics, brain imaging and 
behavioral	tools	in	a	variety	of	animal	models	(Drosophila,	mouse,	rats)	and	human	studies.	Specific	
topics cover investigations on synaptic transmission and synaptopathies, functional organization of 
brain networks and its plasticity, sensory transduction and perception, sensory-motor integration, 
memory formation and the neurobiological underpinnings and organizational principles of behavior.

Molecular Neurobiology and Neuropathology
The	Molecular	Neurobiology	and	Neuropathology	Unit	investigates	the	biological	basis	of	brain	dis-
orders. We study rare and prevalent psychiatric and neurological diseases using a combination 
of behavioral and electrophysiological analyses, cellular and molecular biology techniques, and 
high-throughput “omics” approaches. Our collective effort seeks to better understand the molec-
ular and environmental grounds of brain malfunction to improve current therapeutic strategies for 
brain disorders.
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Developmental Neurobiology

17 Neurogenesis & cortical expansion
 Víctor Borrell (CSIC)

20  Asymmetric division of neural stem cells in development and tumorigenesis
 Ana Carmena (CSIC)

22  Mechanisms of growth control & cancer in Drosophila
	 María	Domínguez	(CSIC)

26  Development & assembly of bilateral neural circuits
 Eloísa Herrera (CSIC)

29  Development, plasticity and regeneration of thalamocortical circuits
 Guillermina López-Bendito (CSIC)

32  Experimental embryology
 Salvador	Martínez	(UMH)
	 Constantino	Sotelo	(UMH)
	 Eduardo	de	Puelles	(UMH)
	 Diego	Echevarría	(UMH)

35  Early neurogenesis and brain maturation
	 Javier	Morante	(CSIC)

37  Cell plasticity in development & disease
	 M.	Angela	Nieto	(CSIC)
 Berta L. Sánchez-Laorden (CSIC)

41  Molecular neurogenetics
 Francisco J. Tejedor (CSIC)
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44  Plasticity of brain networks
 Santiago Canals (CSIC)

47  Ocular neurobiology
 Juana	Gallar	(UMH)
	 Mª	Carmen	Acosta	(UMH)
	 Víctor	Meseguer	(UMH)

50  Physiology of the cerebral cortex
	 Emilio	Geijo	(UMH)

53  Behavior of organisms
	 Álex	Gómez-Marín	(CSIC)

55  Mechanotransduction in mammals
 Ana Gomis (CSIC)
	 Elvira	de	la	Peña	(UMH)

58  Synaptic neuromodulation
 Sandra Jurado Sánchez (CSIC)

60  Synaptic physiology
 Juan Lerma (CSIC)

64  Cognition and social interactions
 Felix Leroy (CSIC)

66  Neural circuits of social behaviour
	 Cristina	Márquez	Vega	(UMH)

68  Visual neuroscience laboratory
	 Luis	M.	Martínez	(UMH)

70  Development and refinement of neural circuits
 Isabel Pérez Otaño (CSIC)

73  Sensory-motor processing by subcortical areas
 Ramón Reig García (CSIC)

75  Neurogenetic basis of behavior
	 Juan	Antonio	Sánchez	Alcañiz	(UMH)

77  Wiring and function of somatosensory circuits
 Francisco José Taberner Sanchis (CSIC)

79  Sensory transduction and nociception
 Félix Viana (CSIC)
	 Carlos	Belmonte	(UMH)

82  Molecular and cellular physiology of synaptic transmission
 John F. Wesseling (CSIC)

Cellular & Systems Neurobiology
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Molecular Neurobiology and Neuropathology

84 Transcriptional & epigenetic mechanisms of neuronal plasticity and its disorders
 Ángel Barco (CSIC)

87  Molecular control of axonal myelination
	 Hugo	Cabedo	(UMH)

89  Neuropharmacology, molecular immunobiology and behavior
	 Teresa	Femenía	(UMH)

91  Molecular mechanisms of neurosecretion
 Luis	M.	Gutiérrez	(UMH)
	 Salvador	Viniegra	(UMH)
	 Manuel	Criado	(UMH)

93 Cellular plasticity and neuropathology
 José P. López-Atalaya (CSIC)

96  Translational neuropsychopharmacology of neurological and psychiatric diseases
	 Jorge	Manzanares	(UMH)

99  Altered molecular mechanism in Alzheimer’s disease & dementia
 Javier	Sáez	Valero	(UMH)
	 Salud	García	Ayllón	(UMH)

101  Functional epi-genomics of aging and Alzheimer’s disease
	 José	Vicente	Sánchez	Mut	(CSIC)

A. Giner de Gracia
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Neurogenesis & cortical expansion
Víctor Borrell CSIC

Principal Investigator
Víctor Borrell

PhD Investigators
Jorge Brotons Mas
Adrián Cárdenas Castelló

PhD Students
Salma Moustafa Mahmoud 
Amin
Kaviya Chinnappa
Lucía Del Valle Antón
Alexandre Espinós Soro
Cristina Llinares Benadero
Anna Prieto Colomina
Rafael Soler Ortuño
Ana Villalba Requena

Master Students
Santiago Fernández Orezzoli

Technical Staff
Ester Llorens Álvarez
Yuki Nomura
Josep Mulet

Administration
Beatriz Yunta
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Our laboratory is interest-
ed in understanding the 
cellular and molecular 

mechanisms governing the expan-
sion and folding of the cerebral 
cortex observed across mammali-
an evolution. The cerebral cortex 
is the largest structure in the brain 
and is responsible, among others, 
for the higher cognitive functions 
that distinguish humans from oth-
er mammals. The extraordinary 
growth in size of the cerebral cor-
tex observed across the mammali-
an evolutionary scale is thought to 
underlie the concomitant growth 
in intellectual capacity. This evo-
lutionary expansion of the cere-
bral cortex is recapitulated during 
development in higher mammals, 
when the embryonic cerebral cor-
tex undergoes massive growth in 
surface area, and folds itself in ste-
reotypic patterns.

Multiple genetic mutations have 
been identified as the leading 

cause for intellectual or learning 
disability and intractable epilepsy 
in humans. These mutations are 
consistently linked to defects of 
cortical development during fetal 
de development, and functional 
studies in rodents have shown that 
these genes play essential roles in 
distinct aspects of cortical neuro-
genesis, neuron migration or corti-
cal folding.

Our research focuses on identify-
ing and understanding the cellular, 
molecular and genetic mechanisms 
involved in the expansion and fold-
ing of the mammalian cerebral 
cortex in health and disease, and 
consequences on the function of 
cortical circuits. We combine tran-
scriptomic and epigenomic analy-
ses at the level of individual cortical 
layers and single cells (Dropseq), 
with a wide variety of experimen-
tal animal models (snake, chick, 
mouse, ferret, human organoids) 
and strategies for genetic manip-

ulation of the developing brain 
(including in vitro, in ovo and in 
vivo electroporation, viral vectors, 
transgenic and knock-out animals). 
Our phenotypic analyses range 
from state-of-the-art imaging tech-
niques on live and fixed tissue, to 
histological, cellular and molecular 
biology methods, structural mag-
netic resonance imaging and trac-
tography, and optical imaging of 
intrinsic signals for unveiling the 
functional architecture of the cere-
bral cortex. Following our recently 
published studies, we are currently 
studying the evolution of genetic 
mechanisms that regulate cerebral 
cortex expansion across amniotes 
and the establishment of cortical 
folding patterns, and the impact of 
these mechanisms on cortical func-
tion.
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Asymmetric division of neural stem cells
 in development and tumorigenesis

Ana CarmenaCSIC

One of the big challenges in Developmental 
Neurobiology is to understand how the im-
mense variety of neural types that constitute 

the nervous system is generated. Asymmetric cell divi-
sion is a universal and key mechanism to generate cell 
diversity during Development, and it is also an impor-
tant process in Cancer and Stem Cell Biology. Our lab 
is currently focused on analyzing in depth this process 
both during development and in tumorigenesis. The 
aim of our research is to unveil the functional signal-
ing networks underlying the autonomous and non-au-
tonomous mechanisms that regulate asymmetric cell 
division. In this context, we consider PDZ (PSD-95, Dlg, 
ZO-1) domain-containing proteins, including the pro-
teins Canoe/Afadin and Scribble, excellent candidates 
as hubs of cross-talk between signaling pathways dur-
ing this process. We achieve our research combining 
Genetic, Cell Biology, Biochemistry, Molecular Biology 
and Proteomic techniques.

Specifically, we are interested in studying and con-
tributing to answering three fundamental questions 
in the field: 

1.- What are the mechanisms that regulate the asym-
metry of the division to finally render two different 
daughter cells? Our model system for answering this 
question are the embryonic and larval neuroblasts, 
the neural stem cells of the Drosophila central nerv-
ous system. 

2.- What are the mechanisms that control the “switch” 
between a symmetric to an asymmetric mode of cell 
division? Our model system for answering this ques-
tion is the “Optic Lobe of the Drosophila larval brain”. 

3.- What are the connections between asymmetric cell 
division and tumorigenesis? Our model system is the 
type II neuroblasts of the Drosophila larval brain. 
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Carmena, A. (2020) The Case of 
the	Scribble	Polarity	Module	 in	Asym-
metric Neuroblast Division in Develop-
ment and Tumorigenesis International 
Journal of Molecular Sciences d o i : 
10.3390/ijms21082865

Carmena, A. (2019) Non-muscle 
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touch to ROCK Small GTPases d o i : 
10.1080/21541248.2019.1671148
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doi: 10.21769 
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(2019) Eph signaling in mitotic 
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gle here? Cell Cycle D O I : 
10.1080/15384101.2019.1658479
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(2019) Eph signaling controls mito-
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feration in neuroepithelial cells Jour-
nal of Cell Biology doi: 10.1083/
jcb.201807157

Carmena, A. (2018) Co m p r o m i -
sing asymmetric stem cell division in 
Drosophila central brain: Revisiting the 
connections with tumorigenesis. Fly 
12 (1), 71-80

Rives-Quinto,	 N.,	 Franco,	 M.,	 de	 To-
rres-Jurado, A. and Carmena, A. 
(2017) Synergism between canoe and 
scribble mutations causes tumor-like 
overgrowth via Ras activation in neural 
stem cells and epithelia  Development 
144, 2570-2583

Keder, A. Rives-Quinto, N. Aerne, B., 
Franco,	 M.,	 Tapon,	 N.	 and	 Carmena,	
A.  (2015) The Hippo Pathway 
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Cell Division  Current Biology 2 5 , 
2739-2750

Pérez-Gómez, R., Slováková, J., Ri-
ves-Quinto, N., Krejci, A. and Carmena, 
A. (2013) A Serrate-Notch-Ca-
noe complex mediates glial-neuroepi-
thelial cell interactions essential during 
Drosophila optic lobe development 
J Cell Sci. 126, 4873-4884

Keder, A.and Carmena, A. 
(2013) Cytoplasmic protein motility 
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tric cell division WIREs Dev Biol. D o i : 
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for small GTPases. Small GTPa-
ses 3 (3): 1-4

Slováková, J., Speicher, S., Sánchez-So-
riano, N., Prokop, A. and Carmena, 
A. (2012)  The Actin-Binding 
Protein Canoe/AF-6 Forms a Complex 
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bo	Signaling	During	Axon	Pathfinding	
at	the	CNS	Midline	 J  Neurosci 
32 (29): 10035-10044.

Slováková, J. and Carmena, A. 
(2011)  Canoe/AF-6 functions at the 
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Shotgun and Wrapper-Nrx-IV during 
neuron-glia interactions. Develop-
ment,  138: 1563-1571.

Carmena,	 A*.,	Makarova,	 A.	 and	 Spei-
cher, S. (2011)  The Rap1-Rgl-Ral sig-
naling network regulates neuroblast 
cortical polarity and spindle orienta-
tion. J Cell Biol,  195: 553-
562. (*corresponding author)

Carmena, A. (2009)  Aproaching 
Drosophila development through pro-
teomic tools and databases: At the hub 
of the post-genomic era. Mech. Dev. 
 126: 761-770.

Speicher, S., Fischer, A., Knoblich, J and 
Carmena, A. (2008).  The Droso-
phila PDZ Protein Canoe Regulates 
the Asymmetric Division of Neural and 
Muscle	Progenitors.	Current Biology, 
 18: 831-838.

Carmena, A. (2008)  Signaling ne-
tworks during development: the case 
of asymmetric cell division in the Dro-
sophila nervous system. Dev. Biol. 
 321: 1-17.

Carmena, A*, Speicher, S and Balylies, 
M.	 (2006)	 	 The	 PDZ	 protein	 Ca-
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Mechanisms of growth control &
cancer in Drosophila

María	DomíngezCSIC

Our studies are focused on three complementary research pro-
jects:
The brain keeps body size in check: The final animal size is 

remarkably constant within species and this constancy is more striking 
when we consider how the left and right parts such as our legs or arms, 
or the wings of an insect, are precisely matched in size and shape. The 
importance of bilateral symmetry, or more specifically, the lack of sym-
metry is evident as it relates to effective vision, coordinated locomotion, 
for example, and is a significant predictor of some diseases. Genetic and 
environmental noise, diseases and physical stress all can perturb devel-
opmental growth programs that may cause deviations and variability, 
and imperfect bilateral symmetry and proportion. In order to limit the 
resultant variation, juvenile organisms have the capacity to buffer vari-
ability through homeostatic mechanisms, so that the correct final size is 
attained. Our work has defined the first molecular mechanism underly-
ing such homeostatic control and identified a novel insulin-like peptide, 
we called Dilp8, and its receptor Lgr3, a member of the relaxin hormone 
receptor family. Lgr3 is required in neurons and we show that Lgr3 neu-

Principal Investigator
María	Domínguez

PhD Investigators
Dolors	Ferrés	Marcó
Diana	M.	Vallejo	Martínez
Nahuel Villegas Nieto
Flora Stephano (invited researcher)

PhD Students
Lucía García López
Sergio Juárez Carreño
Roberto Santoro

Graduate Student
Daniel Tendero López

Undergraduate students
Pablo Hernández 
Adrián Bernabé

Technical Staff
Esther Ballesta Illán
Irene Oliveira Ávalos
Laura	Mira	Valdelvira
Mª	Consuelo	Martínez-Moratalla

Administration
Rosa Sánchez Cayuela



Research Groups - Developmental Neurobiology 23

rons act as ‘hub’ neurons receiving Dilp8 signals and 
distributing ‘growth’ information to other neuronal 
populations (insulin-producing cells and PTTH-pro-
ducing neurons) thereby adjusting the levels of in-
sulin, ecdysone, and juvenile hormones, in a manner 
that stabilizes body and organ size in response to size 
asymmetries and growth perturbations.

At the organ level, the proper control of growth is 
governed by specialized signalling centres within the 
developing organs, known as “organizers” as well as 
mechanical forces and cell autonomous factors. We 
had focused on the Notch and Hedgehog signaling 
pathways, which have crucial roles in establishing 
growth-promoting organizers along the dorsal-ventral 
(DV) and anterior-posterior (AP) axes, respectively. 
These organizers emit signals that promote global or-
gan growth also influencing large-scale patterns and 
cell fate specification via mechanisms incompletely 
understood. Our work has revealed, for example, how 
signalling through the Notch receptor is used reiter-
atively in organ growth control, individual cell fate 
specification, apoptosis/survival and cell differentia-
tion to ensure proper organ size and shape and also 
redefined the relationship with other growth and fate 
specification pathways, which might be universal in-
teractions relevant in growth regulation in other spe-
cies including humans.

Genome-wide screen for novel cancer genes and 
mechanisms: We have pioneered high-throughput ge-
netic screens for identifying novel gene cooperation 
in tumour initiation and progression. Through these 
screens, we have identified novel nexus of cancer in-
cluding the synergism between Notch and epigenetic 

silencers in malignant transformation or the coopera-
tion between Notch and the Pten/PI3K/AKT pathway 
in promoting tumour invasion that are also conserved 
during human leukaemogenesis. In collaboration 
with Dr. Borggrefe, we have shown that the histone 
demethylases and methyltransferases as core compo-
nents of Notch silencing complex in tissue growth and 
tumorigenesis. Our screens also identified conserved 
microRNAs miR-8 (called miR-200 in humans) and 
miR-7 in the regulation in space and time of Notch, 
Hedgehog, and and EGFR signalling pathways during 
development and tumorigenesis and their participa-
tion in adult tissue homeostasis.

In vivo high-throughput screening for anticancer drug 
discovery: The fruit fly Drosophila melanogaster has 
been a workhorse of genetics and developmental bi-
ology for almost a century, but its true potential for 
the genetic and cell biology analysis of tumour me-
tastasis has only recently been realized. Recently we 
have been implemented a low cost and highly effec-
tive Drosophila-based high-throughput platform for 
drug screening using flies with eye tumours induced 
by defined genetic manipulations. As a proof of con-
cept, we have screened a commercial  drug library 
for compounds effectively blocking tumorigenesis in-
duced by the cooperation of Notch and the PI3K/Akt 
with less side effects than current pathway inhibitors. 
The screen platform and the novel tools for drug dis-
covery and cancer studies in vivo we have developed 
has paved the way for future drug screens aimed at 
identifying alternative strategies for cancer metasta-
sis, and cancer-related inflammation.

Juarez-Carreño	 S,	 Morante	 J,	
Dominguez	M*	 (2018)	 The	 role	 of	
Dilp8-Lgr3 systemic signalling and lo-
cal factors in the robustness of body 
symmetry and size Cell Stress 
2018 Nov 13; 2(12):340 - 361; doi: 
10.15698/cst2018.12.167 
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Notch by Inducing Nitric Oxide-De-
pendent	Inflammation.	 Cell Reports 
2018	 Mar	 6;	 22(10):2541-2549.	 doi:	
10.1016/j.celrep.2018.02.049.	 PMID:	
29514083



Research Groups - Developmental Neurobiology 24

Dominguez	 M,	 Morante	 J,	 Ken	 Ong,	
Ze’ev Hochberg (2016) In Depth 
Conversation: A brain circuit that syn-
chronizes growth and maturation. 
Yearbook of Pediatric Endocrinology 
2016, Haymarket, Teddington 2016

Oswald F, Rodriguez P, Giaimo BD, An-
tonello	ZA,	Mira	L,	Mittler	G,	Thiel	VN,	
Collins KJ, Tabaja N, Cizelsky W, Rothe 
M,	Kuhl	SJ,	Kuhl	M,	Ferrante	F,	Hein	K,	
Kovall	RA,	Dominguez	M	and	Borggrefe	
T (2016) A phospho-depend-
ent mechanism involving NCoR and 
KMT2D	controls	 a	permissive	 chroma-
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2;44(10):4703-20. doi: 10.1093/nar/
gkw105. Epub 2016 Feb 23.
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Dilp8 binding to Lgr3. Science 2015 
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Yew	 JY,	 Dominguez	M*,	Miguel-Aliaga	
I*  (2015) Endocrine remodel-
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 2015 Jul. 28; 4:e06930. doi: 10.7554/
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Antonello, ZA, Reiff, T, Ballesta-Illan, 
E,	M.	Dominguez		 (2015)	 R o -
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ated by miR-8-Escargot switch.   
EMBO J  2015 34(15):2025-41. doi: 
10.15252/embj.20159151

Ríos-Barrera LD, Gutiérrez-Pérez 
I,	Dominguez	M,	Riesgo-Escovar	JR	
(2015) acal is a Long Non-coding RNA 
in JNK Signaling in Epithelial Shape 
Changes during Drosophila Dorsal 
Closure.  PLoS Genet  
2015 11(2): e1004927. doi:10.1371/
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Semin Cell Dev Biol  2014 
Apr;28:78-85. doi: 10.1016/j.sem-
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Dominguez	M.	 (2013)	 C o n s e r v e d	
miR-8/miR-200	 Defines	 a	 Glial	 Niche	
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sion and Neuroblast Transition. Dev 
Cell  2013 Oct 28;27(2):174-87. 
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Alba	 M,	 Di	 Croce	 L,	 Hoffmann	 A,	 Vil-
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sion in development and cancer.  Can-
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NA miR-7 facilitates Notch-induced 
tumourigenesis. PLOS Biol	2013	May;	
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PRC2 complex in T-cell Acute Lymph-
oblastic Leukemia. Nature Medicine  
2012 18 (2), 98–301 doi:10.1038/
nm.2651
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Drosophila optic nerve, from the eye-antenna imaginal disc to the optic lobe. L. García Alonso
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Development & assembly of 
bilateral neural circuits

Eloísa HerreraCSIC
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The precise wiring of the 
nervous system relies on 
the proper navigation of 

neuronal axons when they are 
trying to reach their final targets 
in the developing brain in order 
to establish precise connections 
with other neurons. Guided by 
the concerted action of attractive 
and repulsive molecules, axon 
growth cones change rapidly 
their response as they grow and 
move from one intermediate tar-
get to the next one. Many of the 
main families of axon guidance 
molecules and their respective 
receptors involved in this pro-

cess have been described but the 
regulatory mechanisms trigger-
ing axonal reprogramming from 
a decision point to the next one 
are poorly characterized. Growth 
cone plasticity is at play all over 
the developing nervous system 
and we use the mammalian visual 
system as a model to uncover 
the transcriptional, epigenetic 
(context-specific) and activity-de-
pendent mechanisms that regu-
late axon pathfinding and circuit 
assembly. We also investigate to 
what extent our discoveries in the 
visual system apply to other cir-
cuits in the CNS.

Escalante	A,	González-Martínez	R,	Her-
rera E (2020) New techniques for 
studying neurodevelopment Faculty 
Opinions 2020, 9:17

Morenilla-Palao	C	,	López-Cascales	MT,	
López-Atalaya JP, Baeza D, Calvo L, 
Barco A, Herrera E (2020) A Zic2-reg-
ulated switch in a non-canonical Wn-
t/ß-catenin pathway is essential for the 
formation of bilateral circuits Science 
Advances 6(46): eaaz8797
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iño A, Sala S, DaSilva R, Kania A, Borrell 
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Guided by Unc5c Emerged in Species 
with Retinal Waves Current Biology 
29(7):1149-1160
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(2019) CBP and SRF co-regulate den-
dritic growth and synaptic maturation 
Cell Death and Differentiation 
26(11):2208-2222
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The Optic Nerves Anatomical 
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Herrera E (2018) Rodent Zic 
Genes in Neural Network Wiring Ad-
vances in Experimental Medicine and 
Biology 1046:209-230
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(2018) The peripheral eye: A neuro-
genic area with potential to treat ret-
inal pathologies? Progress in Retinal 
and Eye Research 68:110-123.

Herrera E*, Sitko AA, Bovolenta P*  
(2018)	 Shh-ushing	 Midline	 Crossing	
through Remote Protein Transport 
Neuron 97(2):256-258

Herrera	 E*,	 Erskine	 L,	Morenilla-Palao	
C (2017) Guidance of retinal 
axons in mammals Seminars in Cell & 
Developmental Biology Nov 26. pii: 
S1084-9521(17)30299-9

Ruiz-Reig N, Andrés B, Huilgol D, Grove 
E, Tissir F, Tole S, Theil T, Herrera E* 
and Fairén A*  (2017) mGluR1/ lot 
cells do not originate in the pallium but 
in the lateral thalamic eminence Cere-
bral Cortex 27(5):2841-2856

Marcucci	F,	Murcia-Belmonte	V,	Wang	
Q,	 Coca	 Y,	 Ferreiro-Galve	 S,	 Kuwaji-
ma	T,	Khalid	S,	Ross	ME,	Mason	C	and	
Herrera E* (2016) The Ciliary 
Margin	Zone	of	the	Mammalian	Retina	
Generates Retinal Ganglion Cells Cell 
Reports 17(12): 3153–3164 (Cover 
caption)

Murillo	 B,	 Ruiz-Reig	 N,	 Herrera	 M,	
Fairén A and Herrera E* (2015) Z i c 2 
Controls	the	Migration	of	Specific	Neu-
ronal Populations in the Developing 
Forebrain Journal of Neurosci-
ence 35(32):11266 –11280

Escalante	 A,	 Murillo	 B,	 Morenilla-Pa-
lao C, Klar A and Herrera E* (2013) 
Zic2-dependent axon midline avoid-
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Benjumeda	 I,	Escalante	A,	Law	C,	Mo-
rales	 D,	 Chauvin	 G,	 Muca	 G,	 Coca	 Y,	
López-Bendito	 G,	 Kania	 A,	 Martín-
ez-Otero L and Herrera E* 
(2013) Uncoupling of EphA/ephrinA 
signaling and spontaneous activity in 
neural circuit wiring Journal of 
Neuroscience 33(46):18208-18218 
(Cover Caption)

Carreres	 MI,	 Escalante	 A,	 Murillo	 B,	
Chauvin G, Gaspar P, Vegar C and 
Herrera E*. (2011) The tran-
scription factor Foxd1 is required for 
the	specification	of	the	temporal	retina	
in mammals.  Journal of Neurosci-
ence. 13;31(15):5673-81. 

García-Frigola C and Herrera E*. 
(2010)	 	 Zic2	 controls	 eye-specific	
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lating the expression of the serotonin 
transporter. EMBO Journal, 29(18): 
3170-83.	 E M B O 	 J o u r n a l 	
15;29(18):3037-8.

García-Frigola	C,	Carreres	MA,	Vegar	C,	
Mason	CA	and	Herrera	E*.	
(2008)  Zic2 promotes axonal diver-
gence at the optic chiasm midline by 
EphB1-dependent and –independent 
mechanisms. Development 
135(10):1833-41

Herrera	E,	Marcus	R,	Li	S,	Williams	SE,	
Erskine	L,	Lai	E,	Mason	CA.	
(2004)  FoxD1 is required for proper 
formation of the optic chiasm. Devel-
opment  131: 5727-5739.

Herrera E, Brown L, Aruga J, Rachel R, 
Dolen	G,	Mikoshiba	K,	Brown	S,	Mason	
CA. (2003)  Zic2 patterns binocu-
lar vision by specifying the uncrossed 
retinal projection. Cell 114: 545-
557. (Cover Caption).

M. Fernández Nogales



Research Groups - Developmental Neurobiology 29

Guillermina López-BenditoCSIC

Development, plasticity and regeneration 
of thalamocortical circuits

Our research team runs 
several related projects 
studying the cellular and 

molecular mechanisms involved in 
the development of axonal con-
nections in the brain. In particular, 
our aim is to uncover the principles 
underlying thalamocortical axonal 
wiring, maintenance and ultimate-
ly the rewiring of connections, 
through an integrated and innova-
tive experimental programme.

The development of the thalamo-
cortical wiring requires a precise 

topographical sorting of its con-
nections. Each thalamic nucleus 
receives specific sensory informa-
tion from the environment and 
projects topographically to its cor-
responding cortical. A second level 
of organization is achieved within 
each area, where thalamocortical 
connections display an intra-areal 
topographical organization, allow-
ing the generation of accurate spa-
tial representations within each 
cortical area. Therefore, the level 
of organization and specificity of 
the thalamocortical projections is 

much more complex than other 
projection systems in the CNS. The 
central hypothesis of our labora-
tory is that thalamocortical wiring 
influences and maintains the func-
tional architecture of the brain. We 
also believe that rewiring and plas-
ticity events can be triggered by 
activity-dependent mechanisms in 
the thalamus.

Two major questions are been fo-
cused in the laboratory: i) the ac-
tivity-dependent mechanisms in-
volved in thalamocortical wiring, 
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ii) the role of the thalamus and its 
connectivity in the neuroplastic 
cortical changes following senso-
ry deprivation, and iii) reprogram-
ming thalamic cells for circuit and 
sensory restoration. We are also 
developing novel animal models 
for determining the role of thalam-
ocortical input in cortical function-
al specification and plasticity. 

Within these projects we are using 
several experimental programmes, 
these include: functional neuronal 

imaging, manipulation of gene 
expression in vivo, cell and mo-
lecular biology, biochemistry, cell 
culture and electrophysiology. We 
have also used gain- and loss-of-
function experiments to help un-
ravel new mechanisms involved in 
the development and rewiring of 
this major axonal tract (see Sci-
ence 2019; CurrOpiNeurob 2018; 
NatComm 2017; Cerebral Cortex 
2016; EMBO Reports 2015; Cur-
rent Biology 2014, Nature Neuro-
science 2012, Journal of Neurosci-

ence 2012, Current Biology 2011, 
Neuron 2011, PLoS Biology 2009, 
J Neurosci 2007, Cell 2006, Nat 
Rev Neurosci 2003).

We expect that the results derived 
from our investigations will con-
tribute to our understating of how 
reprogramming of cortical wiring 
takes place following brain dam-
age and how cortical structure is 
maintained.
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Our studies are focused on four re-
search projects:

Experimental Embryology: manipulations in 
mouse and chick embryos allow us to study 
cellular and molecular factors that control 
the regionalization, segmentation, prolifer-
ation, differentiation and cellular migration 
processes of the Central Nervous System. We 
concentrate our research work in the under-
standing of the molecular factors that control 
the development and morphogenetic activity 
of the secondary organizers of the anterior 
neural tube of vertebrates. Our work explores 
particularly the molecular action of signalling 
molecules like SHH, WNTs and FGFs in the 
Isthmic organizer, the zona limitans intratha-
lamic (ZLI) and the anterior neural ridge (ANR).

Experimental methodology: (i) Interspecific 
transplants of neural tissue between quail and 
chick embryonic brain areas. (ii) Explant cul-
tures of mouse anterior neural tube will per-
mit to make experimental embryological tech-
niques on genetically altered mouse models.

Neurogenetics: We are studying expression 
patterns of important genes related to the 
structural organization of the brain through 
its development. This research line is part of 
the Allen Institute Brain Development project 
in which we pretend in a large-scale manner 
to analyse the expression pattern genes at 
several embryonic stages of mice (www.brain-
map.org). The further genetic manipulation by 
homologous recombination will help us to elu-
cidate the functional role of these genes. Cur-
rently we are also interested in genes impor-

tant of human neuropathogenesis. Thus, we 
have created a line of research investigating 
the alterations of lisencephaly, several cortical 
heterotopies, multiple sclerosis and peripher-
al senso-motoral neuropathologies as well as 
Down syndrome. Related to this research line 
we are analysing the genetic alteration asso-
ciated to functional psychosis (squizophrenia 
and bipolar disorder), particularly genes relat-
ed to alteration in cortical architectural devel-
opment.

Experimental methodology: (i) detection of 
genetic pattern expression by in situ hybrid-
ization; (ii) structural and functional analysis 
of natural mutant mice and genetically manip-
ulated (knockouts); (iii) genetic and molecular 
analysis of patient blood and tissue samples 
with suspicious genetic cortical alterations 
and structural anomalies of the cortex and 
psychosis.

Limbic system connectivity: study of the mo-
lecular and cellular mechanisms involved in 
the axon guidance during the Limbic system 
development. Our aim is centered in the af-
ferent and efferent tracts of the Habenula as 
central station between the telencephalic and 
rombencephalic components. This approach 
is complemented with functional analysis 
through optogenetics and animal behaviour 
techniques.

Stem Cell Research: We are developing exper-
imental models that permit to demonstrate 
the neurotrophic potentiality of stem cells of 
derived from blood marrow (hematopoyetic 
stem cells). We are currently observing that 
injection of HSC into animal brain models of 
multiple sclerosis, cerebellar ataxia (lateral 
amiotrophic sclerosis) has a trophic effect and 
in many cases is a further partial regeneration 
of damage.

http://www.brain-map.org
http://www.brain-map.org
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Early neurogenesis and brain maturation
Javier	MoranteCSIC

During development, the release of circulat-
ing steroid hormones from neuroendocrine 
circuits induces a shift from juvenile growth 

to sexual maturation in humans and insects alike. The 
initiation of this change is a strictly controlled pro-
cess, requiring the evaluation of checkpoints based on 
nutrient levels and growth status to decide whether 
to activate these neuroendocrine circuits and release 
steroids that trigger maturation or continue juvenile 
development.

How exactly these external and internal cues are in-
tegrated to dictate when an animal can reach sexual 
maturity, as well as what molecular and cellular mech-
anisms acting at the level of neuroendocrine cells trig-
ger this critical decision, remains a fascinating mys-
tery.

Childhood obesity, the prevalence of which is increas-
ing to pandemic proportions, has been associated 
with precocious puberty in girls. On the other hand, 
malnutrition and intensive physical training can delay 
puberty. Previous work in mice and humans has also 
shown that a deficiency of leptin, a hormone secreted 
by fat cells, or its receptors, which signal the amount 
of energy stores in the body in neuroendocrine cir-
cuits, leads to hyperphagia, early-onset obesity and 
delayed or complete inability to initiate the pubertal 
transition.

By using Drosophila, we aim to uncover the molecular 
and cellular mechanisms and neuroendocrine circuits 
required for the regulation of sexual maturation and 
body weight control.
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For the last almost 30 years, the group 
has been studying cell movements and 
plasticity in health and disease. We have 

been working on the epithelial to mesenchy-
mal transition (EMT), a fundamental process 
during embryonic development to allow cells 
to migrate and reach their final destinations. 
We described how different transcription fac-
tors, the so-called EMT-TFs, are activated in 
different vertebrates to fulfill their function 
regulating massive cell movements during gas-
trulation, neural crest migration or organ posi-
tioning. We extended our studies to biomedical 
research, as we found that pathological activa-
tion of these factors in the adult leads to sev-
eral prominent pathologies, including cancer 
and fibrosis. As such, an aberrant activation of 
the EMT programme in tumours leads to the 
acquisition of invasive and migratory prop-
erties, required for cancer dissemination and 
progression to the metastatic disease. Along 
the years, we have witnessed different phases 
in which the EMT process has been debated. 
Widely accepted by developmental biologists, 
pathologists did not initially consider the EMT 
relevant for cancer progression or organ fibro-
sis. However, it later became a leading research 
field in cancer and nephrology that was chal-
lenged again due to its complexity and the lack 
of optimal animal models.
 
One of the reasons for the complexity of EMT 
is that different EMT-TFs promote different 
programmes in embryonic and cancer cells. 
Indeed, the behavior of cells varies depending 
on their EMT-TF expression code. As impor-
tant as it is that cells maintain some contacts 
while migrating in a coordinated manner, it is 
also important that they repel each other to 
achieve cell spreading. In this regard, we have 
recently proposed that Eph receptors and their 
ligands, a signaling pathway that is activated 
during some EMT programmes, already had 
an ancestral function that could contribute to 
the emergence of multicellular organisms pre-
cisely to promote the segregation of distinct 
populations.
How the EMT-TFs orchestrate the adhesive/

repulsive migratory programmes and, special-
ly, how the highly plastic partial EMT states 
can influence metastatic potential and thera-
py resistance is not well understood. We are 
now characterizing the EMT programmes in-
duced by different EMT-TFs and the circuits in 
which they are integrated. We have unveiled 
two novel gene regulatory networks (GRN) in-
volving Snail1 and Prrx1, one associated with 
different prognoses in cancer patients and the 
other affecting organ positioning. In the first, 
these EMT-TFs are expressed in complemen-
tary patterns due to a reciprocal repression 
relationship, providing a mechanism to select 
between different EMT programmes that we 
have validated in embryos and tumour cells. 
The second GRN operates during the process 
we had described of left-right differential cell 
movements toward the midline of the embryo, 
more prominent from the right, shifting the 
posterior pole of the heart to the left. A wave 
of the signaling molecule Nodal advances from 
the posterior of the embryo regulating the ex-
pression of several microRNAs that attenuate 
Prrx1 and Snail1 levels on the left side, explain-
ing the predominance of the right side, and 
ensuring the correct position of the heart. In 
addition, we are investigating novel functions 
of these EMT-TFs, during neural crest devel-
opment and vascular integrity and how other 
members of the Snail superfamily with expres-
sion in the nervous system control neuronal 
differentiation.
 
Another layer of complexity to understand EMT 
processes is the lack of optimal animal models, 
which are now being developed in multiple labs 
highlighting the crucial role of EMT in health 
and disease. Our new models aim at investigat-
ing EMT-TF codes and signalling pathways that 
can discriminate partial from full EMT states 
and predict cell behaviour and prognosis in 
pathological contexts, including organ fibrosis 
and breast cancer.
 
We have also extended our studies to melano-
ma, the most aggressive skin cancer. Melano-
ma arises from melanocytes that derive from 
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highly motile neural crest progenitors. Melano-
ma high metastatic abilities and resistance to 
therapies can be attributed to its high intrinsic 
plasticity, reminiscent of neural crest plasticity. 
In fact, melanoma cells express EMT inducers 
and we are investigating their contribution to 
melanoma progression. We have also observed 
an activation of developmental programmes 
in cells from the melanoma microenvironment 
and we are currently characterizing the con-
tribution of these programmes to tumour pro-
gression. In addition, melanoma metastasizes 
very frequently to the brain. Brain metastases 
are difficult to treat since they behave differ-
ently to metastases in other organs and this 
is mostly due to their unique tumour microen-
vironment. To investigate the biology of brain 
metastases we have developed several preclin-
ical models and performed transcriptome anal-
yses of these in order to understand the mech-
anisms by which brain cell populations promote 
metastasis progression.

In summary, we have contributed to character-
ize EMT as a highly dynamic and reversible pro-
cess that lies at the heart of cellular plasticity 
in development and in pathological situations. 
Our main contribution has been how reactiva-
tion of developmental programmes in the adult 
can lead to the progression of devastating 
pathologies. This aberrant reactivation can be 
considered a sign of defective homeostasis, 
leading to diseases whose prevalence increases 
with aging, such as cancer and organ degener-
ation by fibrosis. 

Our ultimate goal is to gain insight into the 
mechanisms that drive cellular plasticity in 
these devastating diseases, as well as in other 
conditions in which EMT-TFs also play an im-
portant role, such as achondroplasia. We are 
actively working in newly generated animal 
models to try to prevent or attenuate the loss 
of tissue homeostasis, in order to propose bet-
ter anti-metastatic therapies and promote tis-
sue regeneration.
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One of the most important issues in 
Developmental Neurobiology is to 
elucidate how the large number and 

rich cellular diversity of the brain is generated 
in such a precise spatio-temporal manner.  
Our work focuses on the regulation of neural 
progenitor cells proliferation and neurogenesis. 
We are particularly interested on the regulation 
of the balance between neural proliferation and 
neuronal differentiation during the development 
of the nervous system since this is essential for 
its proper growth, structure, and function. Our 
goal is to identify genes and to unravel molecular 
mechanisms underlying these cellular processes. 
At this end, we are using the proliferation 
centres of the larval optic lobe of  Drosophila 

melanogaster as an experimental model system. 
The evolutionary conservation of the genes/
functions and molecular mechanisms identified 
in this system are subsequently assessed in 
vertebrates (chick and mouse) using embryology 
and reverse genetics tools. At the same time, 
we are interested on how genetic alterations of 
these genes may contribute to developmental 
neuropathologies.

Following this approach, we identified the gene 
minibrain (mnb, also called Dyrk1A in vertebrates) 
as a major regulator of neural progenitor cell 

proliferation and neurogenesis in Drosophila. 
Mnb/Dyrk1A encodes a very well evolutionary 
conserved protein-kinase, which play several 
functions through brain development. We 
are focusing on its roles in the regulation of 
neural proliferation, cell cycle, neurogenesis, 
and neuronal differentiation, unravelling the 
underlying molecular mechanisms. Remarkably, 
happloinsuficiency of DYRK1A causes an 
intellectual disability syndrome characterized by 
microcephaly. Mnb/Dyrk1A has also raised great 
interest because it is one of the most interesting 
candidate genes for the neuropathologies of 
Down Syndrome (DS) and it has been implicated 
in neurodegeneration. As a matter of fact, the 
MNB/DYRK1A kinase is presentely considered 
a suitable drug target for DS neuropathologies. 
Since DS is originated by the triplication of 
chromosome 21, we are using experimental 
models to determine what cellular functions and 
molecular mechanisms are altered by an excess of 
Mnb/Dyrk1 function to generate neurobiological 
alterations reminiscent of DS neuropathologies, 
particularly, neuronal deficit, dendritic atrophy 
and neurodegeneration. We are also testing the 
suitability of MNB/DYRK1A kinase inhibitors to 
interfere with neuronal functions as a prospect to 
apply pharmacological therapeutic approaches to 
DS neuropathologies.
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How are memories encoded, stored and retrieved in our brains? Experi-
ence-dependent modulations of synaptic strength shape the functional 
structure of the brain, recruiting relevant networks in a particular con-

text and supporting behavioural adaptation. Little is known, however, about how 
synapse dynamics are transformed into network dynamics. We have demonstrated 
that brain circuits involved in learning and memory are functionally reorganized af-
ter local potentiation of synaptic transmission in the hippocampus. We are current-
ly investigating the mechanisms underlying this network reorganization, focusing 
on short- and long-term synaptic plasticity and neuromodulation.

To this end we combine functional magnetic resonance 
imaging (fMRI) with electrophysiological techniques 
and deep brain microstimulation, in murine models of 
learning and memory.
The same cellular mechanisms that mediate experi-
ence-dependent neuroplasticity and allow learning 
from, and react to, changes in the environment can 
also be activated by drugs of abuse. Human and an-
imal studies indicate that the refractory nature of 
addiction results from drug-induced stimulation of 
reward-related learning networks. As a consequence, 

drug seeking behaviour becomes hard-wired in the 
addict’s brain. By applying the same multidisciplinary 
approach, we investigate the functional and structural 
reorganization of brain networks supporting addiction 
and relapse.

We use and develop state-of-the-art MRI tools to in-
vestigate the transformations that occur from the 
microscopic to the macroscopic organizational levels 
when a new memory is formed or a pathological pro-
cess develops.
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The main interest of the Ocular Neurobiology 
Group (ONG) is to study the functional activi-
ty of sensory nerves from the ocular surface, 

responsible for the genesis of sensations evoked by 
stimulation of ocular tissues as well as for the trophic 
maintenance and protective reflexes ensuring the cor-
rect moisturizing of the ocular surface. Using morpho-
logical techniques (studying corneal nerve morphol-
ogy in fixed and living tissue), electrophysiological 
techniques (recording nerve activity of sensory recep-
tors in nerve endings and axons, as well as extracellu-
lar recording of trigeminal ganglion neurons and CNS 
neurons along the trigeminal pathway) and pharma-
cological and opto-pharmacological tools to modulate 
neurons’ activity, and psychophysical studies (ana-
lyzing the characteristics of the sensations evoked by 
selective stimulation of the ocular surface), the ONG 
investigates the functional characteristics of the pri-
mary, thalamic and cortical neurons innervating the 
anterior surface of the eye with particular attention 
to those neurons participating in ocular sensations of 
eye dryness, discomfort and pain.

The ONG has described 1) the sensitivity of the ocu-
lar surface to selective stimulation in healthy subjects 
and its changes with ageing, 2) the correlation be-
tween the electrical activity of specific types of ocular 
sensory nerves and the different sensations evoked in 
humans, 3) the changes in ocular sensitivity in differ-
ent pathologies, after ocular refractive surgery or with 
the use of different ophthalmic drugs, and 4) the role 
of the ocular surface nerve activity in regulation by 
CNS of basal and reflex tearing, and blinking.

At the present time, the ONG studies the neural mech-
anisms responsible for the regulation of ocular surface 
wetness, studying the molecular and cellular mecha-
nisms underlying sensory transduction, and the role 
of trigeminal sensory input in the reflex regulation of 
tear production and blinking, as well as their changes 
with ageing, dry eye and contact lens wearing.
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Our group is interested in the study 
of the basic physiological mecha-
nisms of the cortical local microcir-

cuits, in particular of the prefrontal cortex and 
the anterior cingulated cortex; These cortical 
areas are implicated in cognitive functions and 
very specially in short term memory or work-
ing memory; also, they are densely innervat-
ed by dopaminergic and serotoninergic fibers 
originated in the diencephalon and brainstem 
which contribute to the modulation of cortical 
functions. 

We use intracellular recording with patch 
electrodes and microelectrodes in pyramidal 
and non-pyramidal cortical neurons visually 
identified with infrared video microscopy and 
Nomarski optics; in these neurons we record 
membrane potential and currents and synap-
tic responses. The specific objectives of our 
work are the study of: i) the intrinsic elec-
trophysiological properties of pyramidal and 
non-pyramidal neurons and their modulation 
by dopamine and serotonin. ii) the mecha-
nisms of excitatory and inhibitory synaptic 
transmission in the cortex, the modulation of 
these mechanisms by dopamine and seroto-

nin and the role of intrinsic properties in the 
mechanisms of synaptic integration. iii) the 
electrophysiological responses of a mouse ge-
netically modified that is a model of a human 
cerebral disease: the Lis1 gene mutant mouse 
(in man, the mutations of the LIS1 gene pro-
duce lissencephaly). The experimental work 
focused on the last objective is carried out in 
collaboration with Dr Salvador Martínez (Insti-
tute of Neurosciences).

In addition to the above line of work, and in col-
laboration with members of Service of Clinical 
Neurophysiology of the San Juan University 
Hospital, we are developing a clinical research 
line of work focused on the study of the mech-
anisms of generation and the diagnostic value 
of the F-wave, which is a late component of 
the human electromyogram (EMG); this elec-
trophysiological response is important in the 
diagnosis of diverse neuromuscular diseases 
and also it can be used to study the excita-
bility of spinal motor neurons in normal and 
pathological conditions.

Sempere-Ferràndez A, Andrés-Bayón B, Geijo-Barri-
entos E. (2018) Callosal responses in a retrosplenial 
column. Brain Struct Funct. Apr;223(3):1051-1069. 
doi: 10.1007/s00429-017-1529-5. Epub 2017 Oct 
28.
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jo-Barrientos	E,	Jones	J,	Martinez	S.	 (2016)	
Intraventricular injections of mesenchymal stem 
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in	a	chronic	demyelinating	murine	model.Cruz-Mar-
tinez	 P,	 González-Granero	 S,	 Molina-Navarro	 MM,	
Pacheco-Torres	 J,	 García-Verdugo	 JM,	 Geijo-Barri-
entos	E,	Jones	J,	Martinez	S.	Cell Death Dis. 
May	12;7:e2223.	doi:	10.1038/cddis.2016.130.

Rovira V, Geijo-Barrientos E. (2016) Intra- and In-
terhemispheric Propagation of Electrophysiological 
Synchronous	Activity	and	Its	Modulation	by	Seroto-
nin	in	the	Cingulate	Cortex	of	Juvenile	Mice.	
PLoS One.	 Mar	 1;11(3):e0150092.	 doi:	 10.1371/
journal.pone.0150092. eCollection 2016.
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miRNA Biogenesis in Adult Forebrain Neurons En-
hances	 Seizure	 Susceptibility,	 Fear	 Memory,	 and	
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ness. Cereb Cortex. Apr;26(4):1619-1633. doi: 
10.1093/cercor/bhu332. Epub 2015 Jan 16.
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tion by 5-HT of the synaptic responses evoked by 
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Pflugers Archiv European Journal of Physiology. 
Nov;460(6):1073-85. Epub 2010 Sep 14.
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Behavior of organisms
Álex	Gómez-MarínCSIC

The behavior of animals is not the behavior of 
their brains, but the processes emerging from 
the interaction between neural activity, body 

biomechanics and environmental constraints. Recent 
advances in neuroscience comprise a wide range of 
“big tools” enabling the collection of “big data”, both 
being promissory notes for understanding the brain 
and explaining behavior. This has lead to much empha-
sis on techniques and causal accounts of explanation 
in the flavour of the latest interventionist techniques 
and reductionist views, thus giving the impression that 
detailed studies of behavior and its algorithmic com-
position are less important. However, dissecting “nec-
essary and sufficient” neural circuits for behavior is no 
shortcut to the proper study of behavior itself. After 
all, to ask how the brain works is different than (and 
requires) to ask what it is for — neurons indeed com-
pute information yet nervous systems evolved to pro-
duce adaptive behavior. Thus, in the lab we try to avoid 
missing the forest for the trees. 

We advocate for a more pluralistic notion of neuro-
science where the dissection of neural processors 
(“hardware explanations”) are best investigated after 
a careful decomposition of behavioral processes (“soft-
ware explanations”). This has lead us to pursue a the-
oretical/computational approach to animal behavior, 
and across species. From worms and flies to mice and 
humans, we study shared principles of animal move-

ment from which the fundamental properties of these 
complex systems should be derivable, interpretable 
and explainable. We perform high-resolution measure-
ments in virtual reality experiments, and frame our in-
terpretation of the data in descriptive frameworks (bot-
tom-up analyses) and normative theories (top-down 
principles). Our current efforts target three fronts: (i) 
seeking the perceptual origins of the speed-curvature 
power-law in human drawing and maggot locomotion, 
(ii) exploring the organization of posture sequences in 
foraging worms and fish, and (iii) establishing behavio-
ral homologies in the unfolding of locomotor degrees 
of freedom in flies and rodents. 

We are hopeful that searching for principles of animal 
behavior across species will offer general insights into 
the neurobiology, ecology and evolution of animal 
behavior. In particular, to deepen into what behavior 
is (via perceptual control theory), how it is organised 
(searching for hierarchical organization in postures 
and actions) and how it evolved (testing the principle 
of connections to establish behavioral homologies). 
Seeking to fulfill the promise of nowadays “big sci-
ence”, our more abstract complementary approach 
moves towards a grounded integrative grasp of animal 
behavior. Quoting Woese, “without the proper techno-
logical advances the road ahead is blocked, without a 
guiding vision there is no road ahead”. Or, as Gallistel 
put it: “No Mendel, no Watson & Crick”.
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Mechanotransduction in mammals
Ana GomisCSIC

Elvira de la PeñaUMH

Sensory receptors are cells 
specialized in sensing diverse 
physical and chemical stimuli. 

Their performance has been shaped 
by millions of years of evolutionary 
pressure. Nociceptors are primary 
afferent fibers of the somatosensory 
system specialized in the detection 
of noxious stimuli. They are critical-
ly involved in the initial steps of pain 
sensation. Transient Receptor Poten-
tial (TRP) channels have been recog-
nized as key molecular detectors of 
thermal and chemical stimuli in the 
somatosensory system. Upon activa-
tion, these polymodal cationic chan-
nels depolarize sensory terminals and 
bring them to the threshold for action 
potential discharge. In contrast, the 
molecular identity of mechanosensi-
tive channels responsible for low and 
high threshold mechanodetection is 

not completely known. In addition to 
several TRP channels, other ion chan-
nels, including the family of Piezo 
proteins may play important roles.

Altered sensitivity of nociceptive 
neurons to physicochemical stimuli 
during many pathological conditions, 
including neuropathies secondary to 
diabetes or cancer chemotherapy, is 
one of the established mechanisms 
underlying pathological pain. Howev-
er, the molecular and cellular corre-
lates of these alterations in nocicep-
tor excitability, known as peripheral 
sensitization, are still poorly charac-
terized.

We are interested in identifying the 
receptor molecules expressed in spe-
cific populations of sensory neurons 
and asking how they participate in 
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PhD Investigator
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PhD Students
Ana Gómez del Campo

Pablo Hernández
Raquel	Murcia

Undergraduate Student
Marta	Vizcaíno

Technical Staff 
Ana	Miralles	

Eva Quintero



Jorge Fernandez-Trillo, Danny Florez-
Paz, Almudena Inigo-Portugues, Omar 
Gonzalez-Gonzalez, AlejandroGonza-
lez, Felix Viana, Carlos Belmonte and 
Ana Gomis. (2020) Piezo2 mediates 
low-threshold mechanically-evoked 
pain in the cornea. The Journal of Neu-
roscience  40:8976-8993 (2020)

de la Peña E, Gomis A ( 2 0 1 9 )  
Characterization of TRPC Channels in 
a Heterologous System Using Calcium 
Imaging and the Patch-Clamp Tech-
nique. Methods in Molecular Biolo-
gy 1987:83-97 (2019)

Ordas	 Purificacion,	 Hernandez	 Pablo,	
Vara Hugo, Fernandez-Pena Carlos, 
Reimundez	 Alfonso,	 Morenilla-PalaoC-
ruz, Guadaño-Ferraz Ana, Gomis Ana, 
Hoon	Mark,	Viana	Felix,	Senaris	Rosa.	
(2019) Expression of the cold ther-
moreceptor	 TRPM8	 in	 rodent	 brain	
thermoregulatory circuits. Journal 
of Comparative Neurology D O I . 
10.1002/cne.24694 (2019)

Jose	 Miguel	 Arcas,	 Alejandro	 Gonza-
lez, Omar Gonzalez-Gonzalez, Federico 
Bech, Lusine Demirkhanyan, Eleonora 
Zakharian, Carlos Belmonte, Ana Gomis 
and Félix Viana. (2019) The immu-
nosuppressant macrolide tacrolimus 
activates	 cold-sensing	 TRPM8	 chan-
nels.  The Journal of Neuroscience 
39:949-969 (2019)

Aida	 Marcotti,	 Ana	 Miralles,	 Eduardo	
Dominguez, Eliseo Pascual, Ana Gomis, 
Carlos Belmonte, Elvira de la Peña. 
(2018) Joint nociceptor nerve activity 
and pain in an animal model of acute 
gout and its modulation by intra-artic-
ular hyaluronan Pain 159:739-748 
(2018)
 
Florez-Paz D, Kiran Kumar Bali, Rohini 
Kuner and Ana Gomis (2016) A 
critical role for Piezo2 channels in the 
mechanotransduction of mouse propri-
oceptive neurons Scientific Reports 
6:25923
 

Caires R, Luis E, Taberner F, Fernán-
dez-Ballester	 G,	 Ferrer-Montiel	 A,	
Balazs E, Gomis A, Belmonte C and de 
la Peña E.  (2015) Hyaluronan 
modulates TRPV1 channel opening re-
ducing peripheral nociceptor activity 
and pain.  Nature communications  
10.1038/ncomms9095

Imane Jemal, Sergio Soriano, Anna 
Lucia	 Conte,	 Cruz	 Morenilla	 and	 Ana	
Gomis (2014) G protein-coupled 
receptor signalling potentiates the 
osmo-mechanical activation of TRPC5 
channels	 Pflugers	 Arch	 -	 Eur	 J 
Physiol 466:1635-1646

Peter	M.	Zygmunt,	Anna	Ermund,	Pouya	
Movahed,	 David	 A.	 Andersson,	 Char-
lotte Simonsen, Bo A.G. Jönsson, Bryn-
dis Birnir, Stuart Bevan, Alain Eschalier, 
Christophe	Mallet,	Ana	Gomis	and	Ed-
ward	D.	Högestätt.	 (2013)	 Mon-
oacylglycerols activate TRPV1 - a link 
between phospholipase C and TRPV1. 
rnir. PLoS One  8, e81618-32 

Research Groups - Cellular & Systems Neurobiology 56

mechanosensation in physiological and pathophys-
iological conditions. A second goal is to study the in-
teraction of ion channels involved in nociception and 
mechanotransduction with defined components of the 
extracellular matrix. Finally, we also study the effects 
of drugs and blockers of sensory channels on sensory 
afferents of the knee joint recorded in anesthetized rats. 
This last step is very important in the establishment of 
new therapies against pain.

We use whole-cell and single-channel patch-clamp re-
cordings, piezoelectric activation of mechanosensitive 
channels, intracellular calcium measurements, live con-
focal microscopy, q-RT-PCR, single-cell PCR, fluores-
cent-activated cell sorting of sensory neurons and be-
havioral approaches. 
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Sandra Jurado SánchezCSIC

After the intensive refine-
ment process that occurs 
during the developmental 

stages, the mature brain retains the 
ability of undergoing rapid adapta-
tions in response to external stimuli 
by the means of a cellular phenom-
enon known as synaptic plastici-
ty. Our goal is to understand how 
synaptic plasticity is regulated in 
discrete neural circuits, and how al-
terations of this process can lead to 
neurodegenerative and neuropsy-
chiatric diseases. In particular, our 
laboratory is currently identifying 
susceptible circuits during early 
stages of neurodegeneration by 

using viral-based circuit mapping 
techniques. We are also interested 
in understanding how critical neuro-
modulators such as cathecolamines 
and endogenous neuropeptides are 
secreted and how their exocytosis 
impacts synaptic plasticity and ul-
timately behavior. To improve the 
resolution of our molecular stud-
ies and manipulations, we plan to 
develop novel tools to regulate 
neuronal signaling and function. 
In particular, we are interested in 
exploring photo-activatable mole-
cules to control vesicle dynamics in 
in vivo and in vitro models.
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Juan LermaCSIC

Synaptic physiology
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Neurons communicate with each other by 
means of releasing neuroactive substances 
that activate specific proteins situated at 

the postsynaptic membrane. This is a finely regulated 
process on which the correct performance of our brain 
depends, which is to say ourselves. One of the current 
goals of modern Neuroscience is to identify the “syn-
aptic proteome” and to characterize the role played by 
each protein in the process of synaptic transmission. 
One important part of the synaptic proteome is the 
synaptic receptors, proteins in charge of transducing 
the chemical message into electrical and/or metabolic 
activities. Our group has been working on the struc-
ture and the function of glutamate receptors, the most 
important signalling system in the brain since it medi-
ates more than 90% of the excitatory neurotransmis-
sion. To this end we have implemented molecular and 
electrophysiological approaches.

In the frame of defining the molecular structures me-
diating neuronal communication, we described for the 
first time the existence in central neurons of another 
type of functional glutamate receptors, the kainate 
receptor (KAR). We have demonstrated that KAR pro-
teins form functional receptor channels in hippocam-
pal neurons and also identifed the tool by which these 
receptors could be further studied, the drug 2-3-ben-
zodiazepine, GYKI 53655, which allows its pharmaco-
logical isolation.This finding paved the way for pro-
gress in the field. Since then, we and other groups 
have addressed specific questions on the functional 
role of KARs. We have characterized these receptors 
and described their fundamental role in controlling 
neuronal tissue excitability and epileptogenesis. We 
have also demonstrated that these receptors have a 
dual mechanism for signalling: in addition to their ex-
pected capability of acting as ion channels, they trig-
ger a second messenger-mediated cascade, involving 
a G-protein. This and subsequent work put forward the 
new concept that ion channel-forming receptors are 
also able to signal through a G-protein, opening new 
vistas on the mechanisms by which glutamate recep-
tors of the ionotropic type work. 

The idea that KARs activate a G-protein has encour-
aged us to study interacting proteins that may influ-
ence their correct targeting and their signalling capac-
ities. Therefore, one the main objectives of the lab has 

been to identify and to evaluate the role of interacting 
proteins in the signalling properties of KARs using a 
number of model systems. Using proteomic tech-
niques, including two-dimensional gels and mass spec-
trometry analysis, we have identified a set of over 20 
proteins that take part of the “interactome” of these 
receptors and analysed the impact of some of them 
on the roles of kainate receptors likely play have in 
neuronal physiology. Among the identified proteins 
are SNAP25, which we have shown plays a key and 

unexpected role in endocytosis of these receptors 
from the synaptic membrane. Indeed, it is responsi-
ble for a type of long-term synaptic plasticity of the 
kainate receptor-mediated synaptic component. Also, 
CRMP2 and CRMP4 were also identified as interactors 
of GluK5. Indeed KARs  influence neuronal maturation 
and neuritic proliferation through these proteins in a 
bidirectional manner. We have also identified the sub-
unit GluK1 that interacts with a Go protein, and that 
is most likely responsible for non-canonical signaling 
of these receptors. The regulation of receptors by all 
these proteins provides innovative strategies to finely 
influence its function and may constitute targets for 
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development of new active drugs in problems of excit-
ability, such as epilepsy.

These are salient properties of KARs but their role in 
both physiology and pathology is still limited.  New 
data, however, indicate their involvement in mood dis-
orders. De novo copy number variation (deletion or du-
plication of a chromosomal region) of synaptic genes 
has been recently implicated as risk factors for mental 
retardation or autism. Amongst them is GRIK4, a gene 
coding for a glutamate receptor subunit of the kain-
ate type. The understanding of brain diseases requires 
the definition of the molecular, synaptic and cellular 
disruptions underpinning the behavioural features 
that define the disease. For this reason, we generated 
transgenic mice overexpressing Grik4 in the forebrain. 
These mice displayed social impairment, enhanced 
anxiety and depressive states, accompanied by al-
tered synaptic transmission in the hippocampus and 
the amygdala. Normalizing gene and protein levels re-
sults in total rescue of both functional and behavioural 

abnormalities.  Following a similar normalization strat-
egy of the gene dose,  we identified that triplication of 
the KAR encoding gene GRIK1 is the cause of spatial 
memory impairment observed in Down syndrome. In-
deed,  normalization of Grik1 dosage in Ts2Cje mice 
specifically restored spatial memory and reversed the 
bidirectional alterations to CA1 inhibition, but not the 
changes in synaptic plasticity or the other behavioral 
modifications observed. We have proposed that modi-
fied information gating caused by disturbed inhibitory 
tone rather than generalized over-inhibition underlies 
some of the characteristic cognitive deficits in Down 
syndrome.

All together, these data indicate that a single gene 
variation in the glutamatergic system results in be-
havioural symptomatology consistent with autism 
spectrum disorders and Down syndrome which con-
comitantly run with alterations in synaptic function in 
regions involved in social activity and spatial memory.

Non-canonical Signaling of iGluRs Controls Multiple Aspects of Neuronal 

Function. KARs, AMPARs, and NMDARs exert a significant part of 

their roles through the activation of metabotropic pathways
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Research interests: Our research focuses on determining 
cellular- and circuit-based mechanisms by which high-
er-order brain regions such as the hippocampus and pre-

frontal cortex relay cognitive information to the hypothalamus 
in order to modulate innate motivated behaviors (sociability, ag-
gression, mating). As alterations in higher brain regions contrib-
ute to neuropsychiatric diseases associated with disordered social 
behaviors, insight into both the normal and abnormal functions 
of these circuits is of critical importance. In addition, I am investi-
gating how neuronal plasticity rules, mostly described ex vivo in 
brain slices, can support learning-related behaviors in vivo.

Techniques: immunohistochemistry, in situ hybridization, viral 
tracing of neural circuits, patch-clamp in acute slices with opto-
genetic, fiber-photometry, miniature endoscopes, opto- and che-
mogenetic in freely behaving animals. Behavioral assays of social 
interactions.
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Social interactions shape the way we perceive, feel and learn about the world, and 
despite its importance for social species, we still know very little about how the brain 
computes social information. Our lab is interested in understanding the mechanisms 

of how social behaviour shapes our brain, and for this, we focus on cooperative social inter-
actions in rodents. We were pioneers in the demonstration that Norway rats display proso-
cial behaviours in food foraging context, providing food to conspecifics, and identified the 
proximal mechanisms at the level of behaviour. Current and future projects aim to identify 
the neural circuits responsible for this fascinating social decision-making, using a combina-
tion of behavioural, anatomical, pharmacological, imaging and optogenetic tools in rodents.
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Visual neuroscience laboratory
Luis	M.	MartínezCSIC

We, like many other mammals, are es-
sentially visual animals. Thus the visual 
system of our brains must achieve a 

daunting task: it creates, in real time, an internal rep-
resentation of the external world that it is used by 
other parts of the brain to guide our behavior. But, 
how do we actually see? How does this neural system 
accomplish the job? A parsimonious explanation pro-
poses that visual information is analyzed in a series of 
sequential steps starting in the retina and continuing 
along the multiple visual cortical areas. As a result, 
the information captured by the approximately 105 
million of photoreceptors in the back of each eye is 
continuously rearranged in a complex combination of 
points and lines of different orientations and curva-
tures that are defined by differences in local contrast, 
color, relative timing, depth, movement, etc. Ultimate-
ly, by mechanisms that remain largely unknown, 
these elementary features of the image are integrat-
ed into the perception (our “vision”) of each individual 
object in the visual scene.

In our lab, we want to understand the synaptic mech-
anisms and neural circuits that underlie the earli-
est stages of visual processing and perception. Our 
main goal is to determine the synaptic structure of 
the thalamocortical microcircuit at a functional level, 
which currently represents one of the most fascinat-
ing challenges of systems neuroscience. In addition, 
since vision is the most accessible and best under-
stood of our senses, our results directly inform the-
oretical models (both conceptual and computational) 
that are proposed to explain the functional organiza-
tion of the cerebral cortex and thalamus in general. 
Finally, a better understanding of the visual system is 
essential to develop prosthesis that will eventually re-
store vision to the blind and, on a shorter time scale, 
to design more efficient tools for the rapidly growing 
field of object recognition.
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Development and refinement of 
neural circuits

Isabel Pérez OtañoCSIC

A fundamental question in neuroscience is 
how neuronal circuits are refined by envi-
ronmental cues. Circuit refinements involve 

maturation of selected synaptic connections and elim-
ination (“pruning”) of others, and are most prominent 
during critical periods—a stage of postnatal brain de-
velopment when synapses have a high potential for 
undergoing plasticity.  This malleability allows early 
experience to modify the architecture of neural cir-
cuits, providing a foundation for future learning.  Per-
haps more importantly, it shapes (often permanently) 
the cognitive, social and emotional abilities of an in-
dividual so it can adapt to the environment at hand.  
Critical periods are of medical relevance as well be-
cause some types of experience-dependent wiring no 
longer occur after they end, or when the proteins and 

genes supporting this wiring work incorrectly.

Our work focuses on two major aspects.  First, what 
are the basic mechanisms that control the develop-
ment, refinement, and homeostasis of neural circuits?  
Second, what goes wrong in disorders of brain devel-
opment, cognition or memory?  

In the past 10 years, we have defined the biological 
functions of a new class of NMDA-type glutamate re-
ceptors that contain GluN3A subunits and are typical-
ly expressed during the critical period in many brain 
regions and cell types. They have crucial roles in pre-
venting premature or disordered synapse stabilization 
and maturation and in targeting non-used synapses 
for pruning. Later, GluN3A-containing NMDA recep-
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tor expression is largely down-regulated via a combi-
nation of mechanisms. Prolonging or switching back 
GluN3A expression in adult brains reactivates a juve-
nile state of enhanced pruning and underlies circuit 
rearrangements that underlie the pathophysiology of 
Huntington’s disease (HD) and cocaine addiction.

Current projects investigate:

• Cell biology mechanisms underlying synapse 
pruning at pre- and postynptic levels.

• Impact of early synaptic remodeling on the 
emergence of cognitive and emotional capabil-
ities.

• Discovery and targeting of disease mecha-
nisms: Failure to maintain the balance between 
synapse maturation and pruning is at the root 
of neurodegenerative and neuropsychiatric 
disorders, leading to impaired connectivity and 
circuit dysfunctions. We have shown that adult 
reactivation of GluN3A expression is at the ba-
sis of Huntington´s disease and are currently 
exploring its involvement in alcohol abuse and 
other forms of addiction. Work in the lab is 
also directed to develop pharmacological/gene 
therapies to block GluN3A function or expres-
sion, and test whether they promote recovery 
of function.
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The basal ganglia (BG) are involved in a wide 
range of functions such as decision-making, 
reward motor learning, selection motor se-

quences, as well as cognitive and emotional functions, 
most of them require the integration of sensory infor-
mation.  Problems in the basal ganglia function can 
generate numerous and diverse neurological disorders 
as for example Parkinson’s and Huntington’s diseas-
es, Tourette syndrome, obsessive-compulsive disorder 
(OCD), dystonia, attention-deficit hyperactivity dis-
order (ADHD), and different types of addictions. The 
basal ganglia are compound by several subcortical 
nuclei (striatum, globus pallidus, substantia nigra and 
subthalamic nucleus) interconnected with the cerebral 
cortex, thalamus and other brain areas.

The striatum (caudate nucleus & putamen) is the 
“door” or input layer of the basal ganglia that receives 
inputs from multiple cortical areas as prefrontal, motor 
or sensory, and thalamus. The striatum also receives 
massive dopaminergic innervation from the substan-
tia nigra pars compacta. These afferent inputs interact 
with the striatal microcircuit to result in meaningful 
output to the downstream nuclei of the basal ganglia 
by striatal projection neurons, via the direct and in-
direct pathways. The 95% of the striatal neurons are 

GABAergic projection neurons called medium spiny 
neurons (MSNs). This population is subdivide in two 
groups depending of their axonal targets and defin-
ing two different circuits (D1-MSNs, direct pathway 
and D2-MSNs indirect pathway). The remaining 5% 
are compound by different types of GABAergic (FSI, 
SOM+/NPY/NOS+, CR+, TH+…) and cholinergic (Chl) 
interneurons that modulate the activity of the MSNs.

The striatum is best known for its role in planning and 
selecting motor sequences. But selection of proper 
motor sequences also requires the prioritizing of sen-
sory information. Sensory information from different 
modalities such as tactile, visual, auditory and olfacto-
ry converges in the striatum. All of these simultaneous 
inputs have to be processed, filtered and integrated 
in order to select the appropriate ones. How striatal 
neurons process the information is largely unknown. 
We aim to study the role of the striatum in the sensory 
processing and its interplay with motor functions. At 
the same time, we aim to understand different neu-
rological diseases or disorders such as Parkinson´s or 
ADHD, related with the striatal function. To answer this 
question we use complementary electrophysiological, 
behavioral, optical and anatomical methods.

Alegre-Cortés	 J,	 Sáez	M,	Montanari	 R.	
Reig	 R.	 Medium	 spiny	 neurons	 activi-
ty reveals the discrete segregation of 
mouse dorsal striatum. ELIFE. 2021, 
10:e60580 DOI: 10.7554/eLife.60580. 
(2021).
 
Sanchez-Vives	 MV,	 Barbero-Castillo	 A,	
Perez-Zabalza	 M,	 Reig	 R.	 GABAB	 re-
ceptor-modulation of thalamocortical 
dynamics and synaptic plasticity. Neu-
roscience. 2021 Feb 21;456:131-142. 
(2021).

Perez-Zabalza	 M*,	 Reig	 R*,	 Manrique	
J,	Jercog	D,	Winograd	M,	Parga	N,	San-
chez-Vives	 MV.	 Modulation	 of	 cortical	
slow oscillatory rhythm by GABAB 
receptors: an in vitro experimental 
and computational study. The Journal 
of Physiology, 598(16):3439-3457 
(2020).

Filipović	M,	Ketzef	M,	Reig	R,	Aertsen	A,	
Silberberg G, Kumar A. Direct pathway 
neurons in mouse dorsolateral striatum 
in vivo receive stronger synaptic input 
than indirect pathway neurons. Jour-
nal of Neurophysiology 122, 2294-
2303 (2019).

Sáez	M,	Ketzef	M,	Alegre-Cortés	 J,	Sil-
berberg G, Reig R. (2018) A 
new micro-holder device for local drug 
application during in vivo whole-cell re-
cordings. Neuroscience 318, 115-123

Reig R, Silberberg G. (2016) “Cor-
ticostriatal pathways underlying bila-
teral sensory integration in the mouse 
striatum – a whole-cell in vivo study”. 
Cereb. Cortex 26 (12): 4405-4415

Reig	R	 ,	 Zerlaut	 Y,	 Vergara	R,	Destex-
he	A,	Sanchez-Vives	MV.	(	2015	)	“Gain	
modulation of synaptic inputs by ne-
twork state in auditory cortex in vivo “J. 
Neurosci. 35(6) , 2689 – 2702

Reig	 R	 ,	 Silberberg	 G.	 (	 2014)	 “Multi-
sensory integration in the mouse stria-
tum”. Neuron. 83(5), 1200 – 1212.
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Neurogenetic basis of behavior
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Principal Investigator
Juan Antonio Sánchez Alcañiz

PhD Students
Rubén	Molla	Albaladejo
José	María	Buil	Gómez

Technical Staff 
María	Pérez	Sanjuan

Estudiantes prácticas
Sara	Adelaida	Del	Rey	Mateos

Lucía Illescas Brol



Research Groups - Cellular & Systems Neurobiology 76

Animal survival depends on the proper interpre-
tation of environmental information. Through 
evolution animals have developed an exquisite 

array of sensory organs that can collect large amounts 
of different environmental cues. This information is sent 
to the central brain where it is processed and integrat-
ed with previous experiences and internal states to pro-
duce the proper behavior. In order to understand how 
this information is processed and integrated we must 
understand both the neural circuitry involved in such 
processing and the genes responsible for the neuronal 
functioning. 

 Our group focuses its research on the study of feed-
ing as a proxy to understand how sensory information 
is collected and integrated and the genetic and neural 
network underlying its processing. We use the gusta-
tory system of Drosophila melanogaster as a model, as 
gustatory cues produce clear and opposing behaviors 
that can be analyzed in great detail. In addition, D. mel-
anogaster is a great biological system where to study 
those processes due to its accessibility to image and 
manipulate neural circuits, modify genetically and ease 
to study its behavioural output. We combine immuno-
histochemistry, confocal microscopy, molecular biology, 
and state of the art high-throughput behavioral analysis 
and bioinformatics to decipher the neural circuitry un-
derlying feeding behavior. 

Sánchez-Alcañiz JA, Silbering A, Croset V, Zappia G, Sivasu-
bramaniam	AK,	Abuin	L,	Sahai	SY,	Münch	D,	Steck	K,	Auer	
TO,	Cruchet	S,	Neagu-Maier	L,	Sprecher	SG,	Ribeiro	C,	Yapici	
N and Benton R (2018) An expression atlas of variant ion-
otropic	glutamate	receptors	identifies	a	molecular	basis	of	
carbonation sensing.  Nature Communications  DOI: 
10.1038/s41467-018-06453-1

Sánchez-Alcañiz	JA	and	Benton	R	(2017)	 Mu l t i s e n s o r y	
neural integration of chemical and mechanical signals 
BioEssays DOI: 10.1002/bies.201700060

Sánchez-Alcañiz	JA,	Zappia	G,	Marion-Poll	F	and	Benton	R	
(2017) A mechanosensory receptor required for food tex-
ture detection in Drosophila Nature Communications 
DOI: 10.1038/ncomms14192

Bartolini G*, Sánchez-Alcañiz JA*, Osorio C, Valiente 
M,	García-Frigola	C,	Marín	O	 (2017)	 Neuregulin	 3	
mediates cortical plate invasion and laminar allocation of 
GABAergic interneurons Cell Reports DOI: 10.1016/j.cel-
rep.2016.12.089

Sánchez-Alcañiz	 JA,	 Haege	 S,	 Mueller	 W,	 Pla	 R,	 Mackay	
F,	Schulz	S,	López-Bendito	G,	Stumm	R	and	Marin	O	
(2011) Cxcr7 controls neuronal migration by regulating 
chemokine responsiveness Neuron DOI: 10.1016/j.neu-
ron.2010.12.006

López-Bendito G*, Sánchez-Alcañiz JA*, Pla R*, Borrel V, Pico 
E,	Valdeolmillos	M	and	Marin	O	 (2008)	 Chemokine	 sign-
aling	controls	 intracortical	migration	and	final	distribution	
of GABAergic interneurons.  The Journal of Neuroscience 
DOI: 10.1523/JNEUROSCI.4651-07.2008



Wiring and function of 
somatosensory circuits
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Specialized subsets of primary sensory neurons 
innervating different body tissues detect and 
transduce different environmental cues into 

itch, touch, temperature or pain information. When 
these signals eventually reach the brain, they gen-
erate the sensory percept and evoke the convenient 
physiological and behavioural responses for the sur-
vival of the animal. On its way to the brain, this sen-
sory information undergoes an initial processing at 
the spinal cord. In healthy individuals, local excitatory 
and inhibitory spinal cord interneurons form modality 
specific processing microcircuits. These circuits dy-
namically tune down or amplify the sensory signals in 
response to other sensory modalities or to brain de-
scending signals. However, in certain pathologies like 
nerve injury or in different inflammatory conditions, 
the normal processing at the spinal cord is altered and 
unconventional maladaptive circuits are wired up, re-
sulting in chronic pain and itch. Due to the intrinsic 
complexity of the spinal cord circuitry, and the lack of 
an appropriate tool set for capturing and interrogat-
ing the spinal cord neuronal ensembles in behaving 
animals, our knowledge on the cellular and molecular 
substrates that constitute the sensory microcircuits 
and facilitate maladaptive changes are still largely un-
known.

The overarching goal of the group is to define the 
spinal circuits associated with pain signals, to better 
understand processing alterations associated with 
chronicity, age and gender. In addition, we are trying 
to understand how different sensory modalities influ-
ence each other, as in the case of cold alleviating pain 
or itch, with the final aim of exploring and developing 
therapeutic strategies to improve quality of life in pa-
tients suffering from chronic itch and pain.

To achieve this objective, we seek to characterize the 
molecular identity and intrinsic electrophysiological 
properties of the interneurons that constitute these 
sensory microcircuits, as well as defining the chang-
es they undergo in pathological states. We combine 
the development of minimally-invasive circuit mark-
ing and manipulation technologies with other state-
of-the-art techniques, including different viral tracing 
approaches, optogenetics, whole spinal cord imaging 
and single-nucleus sequencing with well-stablished 
electrophysiological techniques.

Jose	 Miguel	 Arcas,	 Alejandro	 Gonzalez,	 Omar	
Gonzalez-Gonzalez, Federico Bech, Lusine 
Demirkhanyan, Eleonora Zakharian, Carlos 
Belmonte, Ana Gomis and Félix Viana. (2018) 
The immunosuppressant macrolide tacrolimus 
activates	cold-sensing	TRPM8	channels.		
The Journal of Neuroscience Doi:10.1523/
JNEUROSCI.1726-18.2018
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Sensory transduction and nociception
Félix VianaCSIC

Carlos BelmonteUMH

Mammalian somatic sensory receptors are 
highly specialized structures devoted 
to the precise detection of thermal, me-

chanical and chemical stimuli, both innocuous and 
noxious, that impinge upon the organism from the 
environment. They also monitor the internal state of 
the organism. Activation of these receptors by specific 
stimuli gives rise to an electrical signal proportional to 
the intensity and duration of the incoming stimulus.
This neural message travels to the brain, eventually 
evoking distinct sensations.

Our research group is interested in the analysis of the 
cellular and molecular mechanisms that determine the 
activation of thermoreceptors, low- and high-thresh-
old mechanoreceptors, as well as polymodal  and si-
lent nociceptors. We are trying to  identify the cellular 
and molecular determinants of stimulus specificity, 
and the mechanisms that give rise to the different 
response thresholds. To this end, we use different 
experimental approaches, ranging from the transcrip-

tional profiling of subpopulations of sensory neurons, 
optopharmacology, the molecular analysis of trans-
duction ion channels and receptor molecules, record-
ings of sensory nervous activity in isolated cells and 
single neurons in anesthetized animals to behavioral 
analysis in different animal models of chronic pain.

We are examining the problem of sensory transduc-
tion at different conceptual levels. From a reductionist 
point of view, we are trying to establish which trans-
duction molecules and which cellular mechanisms 
give rise to the preferential response to a particular 
stimulus and how they are modulated. In a more in-
tegrative approach, we are also trying to define the 
functional relationships between different transduc-
tion molecules, the ion channels involved in neuronal 
excitability and intracellular signal transduction path-
ways in sensory receptor neurons. The final goal is to 
obtain an integrated view of their cellular mechanisms 
for stimulus detection and the coding of these stim-
uli into a discharge of nerve impulses with a defined 
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Jorge Fernandez-Trillo, Danny 
Florez-Paz, Almudena Inigo-Por-
tugues, Omar Gonzalez-Gonza-
lez, Alejandro Gonzalez, Felix Vi-
ana, Carlos Belmonte and Ana 
Gomis. (2020) Piezo2 mediates 
low-threshold mechanically-evoked 
pain in the cornea. The Journal of 
Neuroscience 4 0 : 8 9 7 6 - 8 9 9 3 
(2020)

Gomez Del Campo A, Viana F. 
(2020) Detecting warm tempera-
tures is a cool kind of thing. 
Neuron 106, 112-114 DOI: 
10.1016/j.neuron.2020.05.009

Ordas	 Purificacion,	 Hernandez	
Pablo, Vara Hugo, Fernandez-Pena 
Carlos,	 Reimundez	 Alfonso,	 More-
nilla-Palao Cruz, Guadano-Ferraz 
Ana,	Gomis	Ana,	Hoon	Mark,	Viana	
Felix, Senaris Rosa. (2019)  
Expression of the cold thermore-
ceptor	 TRPM8	 in	 rodent	 brain	
thermoregulatory circuits. Journal 
of Comparative Neurology 
DOI. 10.1002/cne.24694 (2019).

Jose	Miguel	Arcas,	Alejandro	Gon-
zalez, Omar Gonzalez-Gonzalez, 
Federico Bech, Lusine Demirkha-
nyan, Eleonora Zakharian, Carlos 
Belmonte, Ana Gomis and Félix 
Viana. (2019) The immunosuppres-
sant macrolide tacrolimus activates 
cold-sensing	TRPM8	channels.		
The Journal of Neuroscience 
39:949-969 (2019)

Reimúndez	 A,	 Fernández-Peña	
C, García G, Fernández R, Ordás 
P, Gallego R, Pardo-Vázquez JL, 
Arce V, Viana F, Señarís R   
2018 Deletion of the cold ther-
moreceptor	TRPM8	 increases	heat	
loss and food intake leading to 
reduced body temperature and 
obesity in mice Journal of Neuro-
science  DOI:10.1523/JNEUROS-
CI.3002-17.2018

temporal sequence. We are also exploring the biolog-
ical significance of this sensory message in the regu-
lation of bodily functions. The analysis includes the 
search for selective pharmacological agents capable 
of interfering with the different steps of the transduc-
tion process or their modulatory mechanisms. An ad-
ditional important research line of our group involves 
the analysis of the short- and long-term cellular and 

molecular changes that occur in primary sensory neu-
rons during pathological process such as lesions and 
inflammation.

Finally, we have collaborations with other national 
and international research groups interested in pain 
mechanisms and the functional study of ionic chan-
nels.
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PhD Students
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Alcalde I, Íñigo–Portugués A, González-González 
O,	Almaraz	L,	Artime	E,	Morenilla-Palao	C,	Gallar	
J,	 Viana	 F,	 Jesús	Merayo-Lloves	 J,	 Belmonte	 C			
2018	Morphological	and	functional	changes	in	
TRPM8-expressing	corneal	cold	thermoreceptor	
neurons during aging and their impact on tear-
ing in mice  Journal of Comparative Neurology  
DOI: 10.1002/cne.24454

Marcotti	A,	Miralles	A,	Dominguez	E,	Pascual	E,	
Gomis A, Belmonte C, de la Peña E  2018 
Joint nociceptor nerve activity and pain in an 
animal model of acute gout and its modulation 
by intra-articular hyaluronan.  Pain D O I : 
10.1097/j.pain.0000000000001137

Viana, F 2016 TRPA1 channels: molecular 
sentinels of cellular stress and tissue damage 
Journal of Physiology. DOI: 10.1113/JP270935

Rebeca C, Luis E, Taberner F.J., Fernandez-Bal-
lester	 G,	 Ferrer-Montiel	 A,	 Balazs	 E.A.,	 Gomis	
A, Belmonte C, de la Peña E 2015 H y -
aluronan modulates TRPV1 channel opening, 
reducing peripheral nociceptor activity and 
pain  Nature Communications DOI:10.1038/
ncomms9095

Meseguer	 V,	 Alpiza	 YA,	 Luis	 E,	 Tajada	 S,	 Den-
linger	 B,	 Fajardo	 O,	 Manenschijn	 JA,	 Fernán-
dez-Peña C, Talavera A, Kichko T, Navia B, 
Sánchez	A,	Señarís	R,	Reeh	P,	Pérez-García	MT,	
López-López JR, Voets T, Belmonte C, Talavera K, 
Viana F 2014 TRPA1 channels mediate acute 
neurogenic	inflammation	and	pain	produced	by	
bacterial endotoxins  Nature Communica-
tions DOI: 10.1038/ncomms4125

Morenilla-Palao	 C,	 Luis	 E,	 Fernández-Peña	 C,	
Quintero E, Weaver JL, Bayliss DA, Viana F 
2014	 Ion	 channel	 profile	 of	 TRPM8	 cold	 re-
ceptors reveals a role of TASK-3 potassium 
channels in thermosensation Cell Reports  
DOI:10.1016/j.celrep.2014.08.003.

Pertusa	M,	González	A,	Hardy	P,	Madrid	R,	Fé-
lix	Viana	F	 2014	 Bidirectional	 Modu-
lation of Thermal and Chemical Sensitivity of 
TRPM8Channels	 by	 the	 Initial	 Region	 of	 the	
N-Terminal Domain. J Biol Chem DOIi:10.1074/
jbc.M114.565994

de	la	Peña	E,	Mälkiä	A,	Vara	H,	Caires	R,	Balles-
ta JJ, Belmonte C, Viana F 2012 T h e 
influence	of	cold	temperature	on	cellular	excita-
bility of hippocampal networks P l o s O n e  
7(12):e52475Pertusa	 M,	 Madrid	 R,	 Morenil-
la-Palao C, Belmonte C, Viana F. 2012 T h e 
N-glycosylation	of	 TRPM8	channels	modulates	
the temperature sensitivity of cold-thermore-
ceptor neurons. J Biol Chem 287:18218-18229.

Parra	 A,	 Madrid	 R,	 Echevarria	 D,	 Del	 Olmo	 S,	
Morenilla,	Palao	C,	Acosta	MC,	Gallar	J,	Dhaka	A,	
Viana F, Belmonte C. 2010 Ocular sur-
face	 wetness	 is	 regulated	 by	 TRPM8	 depend-
ent cold thermoreceptors of the cornea. Nature 
Medicine	16:1396-1399.

Madrid	R*,	de	la	Peña	E*,	Donovan	Rodriguez	T,	
Belmonte C, Viana F. 2009 V a r i a b l e 
threshold of cold-sensitive neurons is deter-
mined	 by	 a	 balance	 between	 TRPM8	 and	 Kv1	
potassium channels. Journal of Neurosci-
ence 29:3120-3131 (* co authors).

Talavera	 K,	 Gees	 M,	 Karashima	 Y,	 Vanoirbeek	
JAJ,	Damann	N,	Meseguer	V,	 Everaerts	W,	Be-
noit	M,	Janssens	A,	Vennekens	R,	Viana	F,	Nem-
ery B, Nilius B, Voets T. 2009 Nicotine acti-
vates the chemosensory cation channel TRPA1. 
Nature Neuroscience  12:1293-1299
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Molecular and cellular physiology of 
synaptic transmission

John F. WesselingCSIC

We are developing a new framework for 
understanding the history-depend-
ent dynamic changes in connection 

strength that occur at essentially every type of chem-
ical synapse during normal use on time scales from 
milliseconds to minutes.  The dynamic changes are 
known as short-term plasticity, or synaptic dynamics, 
and have a presynaptic origin. The directionality, tim-
ing, and range of the dynamic changes all vary greatly 
between individual synapses, suggesting that the un-
derlying mechanisms can be modulated over develop-
ment and/or as a result of learning. The idea is that the 
new framework will provide a comprehensive method 
for categorizing the variation, which is needed for un-
derstanding how information is encoded, processed, 
stored, and decoded in neural circuits, and may also 
help elucidate what goes wrong in some diseases.

We began by developing assays for each of the 
rate-limiting steps in synaptic vesicle trafficking at a 
variety of central synapses using electrophysiological 

and optical imaging techniques. The assays allowed 
us to study each step in isolation and to ask how the 
underlying mechanisms interact with each other. The 
framework that emerged is mathematically simpler 
than predicted, in a way that requires re-thinking 
conventional views about how synaptic vesicle traf-
ficking works. Specifically, the conventional view has 
been that recycling vesicles accumulate in so called 
pools that can be recruited for release sequentially 
during heavy use. The new framework suggests that 
the various pools are instead arranged in parallel and 
each serves as an autonomous supply that feeds a 
single site in the plasma membrane where transmitter 
release occurs via exocytosis; individual presynaptic 
terminals typically have around 10 release sites. Fol-
low-up cell biology experiments have now confirmed 
that individual synaptic terminals do indeed contain 
multiple reserve pools that are processed in parallel. 
Intriguingly, it seems that the efficiency of the release 
machinery can be tuned separately for each release 
site, endowing each with the capacity to function as 
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a computationally simple frequency filter tuned to 
transmit the information encoded within a preferred 
band of spike frequencies.

Ongoing work is attempting to:

1) Re-evaluate key pieces of evidence for alternative/
competing ideas in the context of the new model.

2) Determine if the composition of the various types of 
frequency filtering modules within individual synaps-
es can be regulated over the long-term by activity-de-
pendent stimulation protocols that have already been 

shown to control synaptic strength in the contexts of 
learning and memory and development.

3) Combine the assays developed to isolate rate-lim-
iting steps in vesicle trafficking with molecular biolo-
gy techniques to determine the function of classes of 
presynaptic proteins. Current work is focused on the 
four members of the synaptophysin family.

Principal Investigator
John F. Wesseling

Research Assistant
Sergio Del Olmo Cabrera
Juanjo Rodríguez-Gotor

Technician
Diana Baeza

Wesseling, JF , Considerations for 
measuring activity-dependence of re-
cruitment of synaptic vesicles to the 
readily releasable pool. Front.Synaptic 
Neurosci. , 11 - 32 ( 2019 )

Wesseling, JF , Phan, S, Bushong, E, 
Siksou,	L,	Marty,	S,	Pérez-Otaño,	I,and	
Ellisman,	MH	 Sparse	 force-bearing	
bridges between synaptic vesicles.  
Brain Struct. Funct . 224(9) , 3263 - 
3276 ( 2019 )

Raja	 MK	 ,	 Preobraschenski	 J,	 Del	 Ol-
mo-Cabrera	 S,	 Martinez-Turrillas	 R,	
Jahn R, Perez-Otano I, Wesseling JF.  
Elevated synaptic vesicle release prob-
ability in synaptophysin/gyrin family 
quadruple knockouts. eLife doi , 
10.7554/eLife.40744 - pii: e40744 ( 
2019 )

Mahfooz	 K,	 Singh	 M,	 Renden	 R,	 and	
Wesseling JF (2016) A Well-De-
fined	 Readily	 Releasable	 Pool	 with	
Fixed Capacity for Storing Vesicles at 
Calyx of Held PLoS Computational 
Biology 12: e1004855

Mahfooz	K,	Marco	S,	Martínez-Turrillas	
R,	 Raja	 MK,	 Pérez-Otaño	 I,	 and	 Wes-
seling JF (2016) GluN3A pro-
motes	 NMDA	 spiking	 by	 enhancing	
synaptic transmission in Huntington’s 
disease models. Neurobiology of Dis-
ease  93:47-56

Pérez-Otaño I., Larsen RS, Wesseling 
JF (2016) Emerging roles of Glu-
N3A-containing	NMDA	receptors	in	the	
central nervous system. Nature Re-
views Neuroscience 17:623-635.

García-Pérez	 E,	 Mahfooz	 K,	 Covi-
ta J, Zandueta A, and Wesseling JF 
(2015) Levetiracetam accelerates the 
induction of supply-rate depression in 
synaptic	vesicle	trafficking.	Epilepsia 
56: 535-545

Gabriel	 T,	 García-Pérez	 E,	 Mahfooz	
K,	 Goñi	 J,	 Martínez-Turrillas	 R,	 Pérez-
Otaño I, Lo DC, and Wesseling JF 
(2011) A new kinetic framework for 
synaptic	 vesicle	 trafficking	 tested	 in	
synapsin knock-outs. Journal of 
Neuroscience 31:11563-77

García-Pérez E, Lo DC and Wesseling 
JF (2008) Kinetic isolation of a slowly 
recovering component of short-term 
depression during exhaustive use at 
excitatory hippocampal synapses. 
Journal of Neurophysiology 100: 781-
795

García-Pérez E and Wesseling JF 
(2008) Augmentation controls the 
fast rebound from depression at a cen-
tral synapse. Journal of Neurophysiol-
ogy 99: 1770-1786.

Wesseling JF and Lo DC (2002) L im -
it on the role of activity in controlling 
the release-ready supply of synap-
tic vesicles. Journal of Neuroscience 
22:9708-20.

Stevens CF and Wesseling JF 
(1999)	 Identification	 of	 a	 novel	 pro-
cess limiting the rate of synaptic vesi-
cle cycling at hippocampal synapses. 
Neuron 24:1017-1028
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Ángel Barco CSIC

Transcriptional & epigenetic mechanisms of 
neuronal plasticity and its disorders

Our research focuses on molecular mechanisms that regulate neuronal gene expression and underlie 
learning and memory, and other long-lasting modifications of the animal’s behavior. We also aim to 
determine how the malfunction of epigenetic mechanisms leads to different pathological situations 

in the nervous system. To tackle these questions, we use a multidisciplinary approach that combines mouse 
genetics, genomics, bioinformatics, behavioral and electrophysiological analyses and molecular and cellular bi-
ology techniques. From the methodological point of view, we are particularly interested in the application of 
genomic profiling techniques based on next generation sequencing (NGS) and epigenetic editing approaches in 
the nervous system.

We currently work on two main lines of research:

• Interplay of transcriptional avand epigenetic 
mechanisms in activity-dependent 
transcription: Activity-driven transcription 
and epigenetic remodeling are both integral 
part of the neuronal response to stimulation. 
Moreover, epigenetic mechanisms have been 
postulated as an appropriate molecular 
substrate for enduring changes of animal’s 

behavior, including learning and memory. 
Therefore, unveiling the interplay between 
these mechanisms and neuroplasticity 
will provide fundamental insight into 
brain function. We are investigating the 
participation of specific activity-regulated 
transcription factors, such as CREB and 
AP1 and epigenetic enzymes, such as CBP 
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Lipinski	 M,	 Muñoz-Viana	 R,	 del	 Blanco	 B,	 Marquez-Galera	
A,	 Medrano-Relinque	 J,	 Carames	 JM,	 Szczepankiewicz	 A,	
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and p300, in this process. We are also 
interested in determining the role of the 
covalent modifications of the chromatin 
in neuroplasticity. In these projects we 
prefer to use genome-wide approaches 
instead of single-gene studies. With 
these experiments, we aim to clarify long-
standing questions concerning the role of 
epigenetic mechanisms in gene expression 
and determine the necessity and/or 
sufficiency of specific experience-generated 
modifications of the neuronal epigenome in 
memory maintenance and expression.

• Contribution of epigenetic mechanisms 
to intellectual disability (ID) disorders: We 
investigate the contribution of epigenetic 

mechanisms, such as histone acetylation 
and methylation, to the pathoetiology of 
different neurological conditions associated 
with cognitive impairments and autism, and 
originated by mutations into genes encoding 
epigenetic regulators. This is the case of 
Rubinstein-Taybi syndrome caused by 
mutations in the genes encoding the lysine 
acetyltransferases CBP and p300 and Claes-
Jensen X-linked intellectual disability caused 
by mutations in the gene encoding the lysine 
demethylases KDM5C.  Towards this end, 
we generate and characterize cellular and 
mouse models for these conditions, explore 
the molecular causes of the disease using 
the novel epigenome analysis techniques, 
and tackle new therapies.
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Molecular control of axonal myelination
Hugo CabedoUMH

Nerve conduction velocity is inversely pro-
portional to the electrical resistance of the 
axon and the capacitance of the plasma 

membrane that surrounds it. To increase nerve im-
pulse velocity some invertebrates (such as squid) de-
creases resistance of the axon by greatly increasing 
its diameter. In more complex nervous systems, like 
higher vertebrates, this would increase by more than 
a hundred times the volume of the nervous system. To 
increase nerve conduction velocity without changing 
the axonal diameter (and nervous system volume) it 
is necessary to reduce the capacitance by increasing 
the thickness of the lipid membrane surrounding the 
axon. This has been achieved in vertebrates by depos-
iting large amounts of plasma membrane of specialized 
hypertrophied neighboring cells (oligodendrocytes 
or Schwann cells). Rudolf Virchow first described this 
membrane, known as “myelin”, in 1854. Recently it has 
been established that the decision whether or not an 
axon is “myelinated” as well as the thickness of the my-
elin sheath depends on the axonal levels of a particular 
type of protein of the family of “neuregulins”.

In our group we try to elucidate the molecular mech-
anisms controlling the axonal myelination. Our goal is 
to use this information to develop new strategies in 
the treatment of demyelinating diseases such as mul-
tiple sclerosis or Canavan disease in the central nerv-

ous system, and Charcot-Marie-Tooth in the peripheral 
nervous system. We also use this information to try 
to improve nerve regeneration after traumatic injuries. 
In order to achieve our goals we use state-of-the-art 
technologies such us Next-Generation Sequencing of 
patient’s DNA and genetic modification of mice using 
both conventional and the CRISPR/CAS9 technology.
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Neuropharmacology, molecular 
immunobiology and behavior
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Our recently established research group aims to 
understand how pathophysiological brain circuit 
function, with emphasis on psychiatric and neu-

rological disorders, is mediated by mechanisms related with 
the immune system.

We aim to determine: 1) how innate immune system re-
ceptors, such as the Pattern Recognition Receptors (PRRs; 
e.g. Toll-like receptors) operate during molecular signaling 
to regulate emotional and cognitive functions and 2) how 
crosstalk with the periphery affects these functions by eval-
uating the functional impact of immune alterations linked 
to stress or diseases accompanied with low-grade inflamma-
tion such as metabolic disorders, which are commonly asso-
ciated with mood and anxiety disorders.

Although there has been a long-standing relation between 
the immune system and psychiatry, the role of immune re-
ceptors in non-immune function, such as in synaptic plas-
ticity or molecular mechanisms regulating emotion and 
cognition, remains largely unknown. From an immunomod-
ulatory perspective, identifying the diverse functions of the 
innate immune receptors in a non-traditional context of im-
munity and deciphering their molecular signaling pathways 
in the brain with cell-type-specificity will allow us to gain in-

sight into novel and more specific therapeutic 
strategies for improving mental health.

Our laboratory uses a multi-disciplinary ap-
proach by employing state-of-the-art tech-
niques, including mouse genetic strategies, 
molecular, in vitro and in vivo pharmacology, 
local brain drug delivery techniques, stereo-
taxic surgery, imaging and behavior.
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Adrenomedullary chromaffin cells have 
been used as an excellent experimen-
tal model to study the exocytosis and 

therefore the molecular mechanisms of neu-
ro-transmission. It is now clear that the proteins 
involved in the processes of vesicle docking, 
membrane fusion and neurotransmitter release 
are common to many cellular systems (SNARE 
hypothesis).

Our research interest is focused in two different 
aspects of the molecular mechanisms of neu-
rotransmission: Implication of the cytoskeleton 
in different aspects of neurosecretion and the 

determination of role and regulation of SNARE 
proteins in the process of membrane fusion.

Experimental approaches involve strategies us-
ing antibodies, sequence peptide design and 
protein overexpression that demonstrate the 
participation of specific protein domains in ex-
ocytosis. In addition, the role of these proteins 
on the secretory stages have been studied using 
amperometry and TIRFM, techniques that re-
solve single fusion events. In addition, the group 
incorporated recently, the line of research on 
the role of nicotinic receptors in the neurosecre-
tory systems coordinated by Dr. Criado.
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Aging constitutes a major risk factor for most 
common neurodegenerative disorders, in-
cluding Alzheimer’s disease. Neuroinflam-

mation is a prominent feature of aging and is central 
to neurodegenerative diseases. However, the role of 
neuroinflammation in age-related cognitive decline, as 
well as its contribution to the onset and progression of 
neurodegenerative dementias is not well understood. 
We investigate the mechanistic links between neu-
roinflammatory processes in brain aging and neuro-
degenerative diseases.

We seek to understand how brain’s innate immune 
cells integrate within neural circuits to influence brain 
function in health and disease. Our research focuses 
on elucidating how microglia cells interpret cues from 
their tissue microenvironment to adopt specialized 

roles. We have particular interest in unveiling the core 
gene regulatory networks regulating the transitions 
and maintenance of distinct phenotypic and function-
al states of brain’s innate immune cells. To this aim we 
combine genetic mouse models of Alzheimer’s disease 
and postmortem brain samples from patients, ge-
nome-wide transcriptomics and epigenomic profiling 
at population and single-cell level, and state-of-the-art 
histological, cellular and molecular biology methods.

Our ultimate goal is to develop novel effective ap-
proaches to help older adults ward off age-related 
cognitive impairment, and to open new avenues for 
therapeutic intervention to delay or prevent the pro-
gression of most prevalent neurodegenerative condi-
tions.
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Francisco Navarrete, Auxiliadora 
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(2018) Cannabidiol regulates behav-
ioural alterations and gene expression 
changes induced by spontaneous can-
nabinoid withdrawal British Journal of 
Pharmacology 175:2676-2688
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Navarrón,María	 Isabel	Morales-Calero,	
Francisco Navarrete, Ana Isabel Tor-
res-Suárez,	Jorge	Manzanares	
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Research lines of our laboratory are focused 
on the identification of genes and proteins 
implicated in the occurrence and develop-

ment of psychiatric (anxiety, depression, substance 
use, post-traumatic stress, etc.) and neurological (Par-
kinson´s disease, Alzheimer´s disease, etc.) disorders, 
which can be relevant for the discovery of new ther-
apeutic targets to improve its pharmacological man-
agement.

For that purpose, we employ validated animal models 
of the psychiatric and neurological disorders that we 
want to study. These animal models must be able to 
reproduce, at least in part, certain behavioural traits 
and/or neurobiological features of the illnesses that 
they are simulating. Thus, the objective is to enhance 
the translational capacity of animal modelization that 
allows for applying the results to the patient.

The improvement of our knowledge about the altera-
tions implicated in the aetiology and the development 
of different psychiatric and neurological disorders is 
one of our main goals, closely related with the discov-
ery of more effective and safer pharmacological ap-
proaches. In the last years, we are focused on the role 
of the endocannabinoid system in the regulation of 
different brain functions and its potential pharmaco-
therapeutic exploitation. To this aim, we are very in-
terested in the behavioural and neurochemical effects 

of genetic or pharmacological manipulation of the en-
docannabinoid system, employing transgenic animal 
models or cannabinoid compounds, respectively.

In our studies, we design and perform experiments to 
evaluate behavioral features related with emotional 
(anxiety, depression, stress, etc.) and cognitive (pre-
pulse inhibition, memory impairment, etc.) alterations, 
and with the reinforcing and motivational effects of 
drugs of abuse (alcohol, cocaine, etc.). Furthermore, 
to evaluate the neurochemical changes that could be 
related with avv, we analyse gene expression of key 
targets by real time PCR or in situ hybridization exper-
iments, as well as protein expression by immunohisto-
chemistry or Western Blot techniques.

Laboratory members have a long-lasting and contin-
uous relationship with several groups of psychiatrists 
and neurologists. This fact has significantly contrib-
uted to establish a reciprocal bridge of information 
between preclinical and clinical research, which has 
been reflected in several joint publications. Our objec-
tive is to maintain and to strengthen this type of col-
laborative strategies aimed to encourage translational 
research and finally improve the quality of life of psy-
chiatric and neurological patients.
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Our research line at the IN is focus in Alzheim-
er’s disease (AD), but with interest also 
in other neurodegenerative disorder. The 

translational benefits of our research lie in the fact 
that we not only aim to clarify the pathological mecha-
nisms behind these diseases, but also to define poten-
tial diagnostic tools and/or processes with therapeutic 
relevance. Our group is also member of CIBERNED (an 
ISC-III Center for Networked Biomedical Research fo-
cused in neurodegenerative diseases).

In recent years, we have been involved in studying 
how β-amyloid influences the expression of acetyl-
cholinesterase (AChE, a key enzyme of the cholinergic 
system). In addition, we have described for the first 
time a direct association between presenilin 1 (PS1, a 
key enzyme in the proteolytic processing of amyloid 
protein precursor) and AChE, which may be relevant 
for the pathological progress of dementia and the de-
sign of therapeutic strategies.

We are pioneers in describing an altered expression 
and glycosylation patterns of the glycoprotein Ree-

lin in AD. Reelin is a signaling protein that modulates 
synaptic function and plasticity in the mature brain, 
thereby favouring memory formation. Our effort is to 
demonstrate a novel mechanism by which β-amyloid 
regulates Reelin expression, thereby influencing its 
signaling cascade that ultimately controls tau phos-
phorylation.

Furthermore, we evaluate the diagnostic potential and 
methodological approaches for analysis of particular 
glycoforms of proteins, which improve sensitivity and 
specificity of the biomarkers. We also develop assays 
to identify secretase-related proteins, related with 
β-amyloid metabolism, in the cerebrospinal fluid. We 
also collaborate in the BiomarkADPD project (a JPND 
initiative of the UE) and the Society for CSF analy-
sis and clinical neurochemistry in the validation and 
standardization of CSF biomarkers. We have recently 
initiated a research line focused in the study of the 
SARS-CoV-2 receptor in human cells, the ACE2 protein, 
as a read-out of the infection and prognostic biomark-
er.
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Functional epi-genomics of aging and 
Alzheimer’s disease
José	Vicente	Sánchez	MutCSIC

Our laboratory investigates the molecular underpin-
nings of age-related cognitive decline and neuro-
degeneration, with a particular interest in Alzheim-

er’s disease (AD). We hypothesize that genetics, epigenetics, 
and the interaction of both – “neural-epi-genetics” –, have 
long-lasting effects on brain function.

To tackle this hypothesis, we use mouse models and human 
samples, and combine molecular and behavioral neuroscience 
with state-of-the-art single-cell, next generation sequencing 
(NGS), bioinformatic tools and epi-genetic editing.

Our ultimate goal is to better understand age-related brain 
malfunctioning and to identify new biomarkers and targets to 
further develop current dementia-related therapies.

  Principal Investigator
Jose	Vicente	Sánchez	Mut

PhD Investigators
Aida Giner De Gracia

PhD Students
María	De	Los	Angeles	Hernández	Vellisca

Sanchez-Mut	JV	,	Heyn	H,	Silva	BA,	Dixsaut	
L, Garcia-Esparcia P, Vidal E, Sayols S, Glaus-
er	 L,	 Monteagudo-Sánchez	 A,	 Perez-Tur	 J,	
Ferrer	 I,	 Monk	 D,	 Schneider	 B,	 Esteller	 M,	
Gräff	 2018	 PM20D1	 quantitative	 trait	
locus is associated with Alzheimer’s disease 
Nat Med doi: 10.1038/s41591-018-0013-y
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The Instituto de Neurociencias (IN) Imaging Facility is a 
platform for microscopy and image analysis that provides 
services and training to both IN and external users. This 
core facility includes a set of state-of-the-art equipment 
that allows to perform a great variety of techniques in-
cluding confocal microscopy, multiphoton, light-sheet (in 
vivo	 and	 clarified)	 or	 super-resolution	 microscopy	 (Airy-
scan,	 SR-SIM,	 PALM	 /	 dSTORM).	 Images	 and	 videos	 from	
fixed	samples,	living	tissues,	cell	cultures,	slices	or	even	in-
tact animals can be acquired. The service also counts with 
high-performance workstations and software packages for 
image processing and analysis.

Staff
Joana Expósito Romero

Verona Villar Cerviño

Imaging Facility
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Staff
Luis Tuset Sanchís

The	Unit	 of	 Functional	Magnetic	 Resonance	 Imaging	 provides	 state-of-the-art	
Magnetic	Resonance	(MR)	equipment	and	scientific	advice	in	MR	to	public	and	
private research institutions.

The facility was created in 2011 as a central service in the Instituto de Neurocien-
cias	(CSIC/UMH).	The	service	has	a	Bruker	BioSpec	7Tesla	(30	cm	internal	diame-
ter)	fully	equipped	to	perform	in	vivo	and	ex	vivo	MR	Imaging	and	Spectroscopy.	
The service is equipped with volume coils for rodent whole body imaging and 
single voxel spectroscopy. Also it has a special set up for brain imaging using a 
phase	array	coil,	optimized	for	functional	Magnetic	Resonance	Imaging	(fMRI).

The	Unit	of	Functional	Magnetic	Resonance	Imaging	provides	necessary	instru-
mentation to anesthetize the animals using inhalation or injectable anesthesia. 
Equipment	 for	 non-invasive	 and	 fully	 MR-compatible	 physiology	 monitoring	
during imaging acquisition is also available, including body temperature, arte-
rial pressure, heart and breath rate and oxygen saturation. A 4 channel electric 
stimulation	device	for	stimulation-driven	fMRI	is	available.	Additional	equipment	
to	perform	surgery	and	artificial	ventilation	could	be	provided	upon	request.

MRI Facility 
Functional Magnetic Resonance Service
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Animal Housing Facility 

SPF Animal House
The Unit for Genetically Modified Mice is one of 3 animal facilities 
at the Animal Experimentation Service of the UMH. It is a specific 
pathogen free facility with capacity for around 15,000 mice. The 
IN has full control of this facility and set up a service for in-house 
embryo cryopreservation, mouse genotyping and to generate 
transgenic mice.

3F Facility (Fish, Frog & Fly)
The IN also has core facilities for Zebrafish, Xenopus frogs and 
Drosophila.

Animal Research Facility 

Veterinary Staff
Tomás García Robles

Gonzalo	Moreno	del	Val

Animal House
Mª	Carmen	Checa	Lara

Jénifer Gómez Gabaldón
Verónica Jiménez Villar
Estefanía López Ronda

Ana	Lorena	Marín	Sánchez
Erika	Moyano	Soler

Patricia	Muñoz	Robledano
Mª	Carmen	Navarro	García

Rebeca	Ortiz	Méndez
Raúl	Pardo	Mérida

Mª	Ángeles	Soler	Ripoll

Drosophila Service
Laura	Mira	Valdelvira
Irene Oliveira Ávalos

Zebrafish Facility
Cristina	Minaya	Ramírez	

Alba Olmos Franco 

Genotyping
Mª	Trinidad	Gil	García

Eva	Mª	Sabater	Sánchez

Behavioural Phenotyping Facility
The SPF animal house also hosts a facility (8 rooms) with state-of-
the-art equipment for behavioural analysis of small rodents, in-
cluding different types of arenas and mazes, a Morris water maze, 
fear and operant conditioning boxes, 24-h monitoring equipment, 
etc.

Wieland Brendel



Services & Facilities, including Administration & Service Staff 107

The Instituto de Neurociencias (IN) Omics Facility is a 
platform for Genomic and Transcriptomic analysis that 
provides services and training to both IN and external 
users. This core facility includes a set of state-of-the-
art equipment that allows to perform a great variety 
of techniques including Cell Sorting (populations and 
single cell), Single Cell platform, QPCR, DNA and RNA 
quality control, Library construction, DNA sonication, 
Bioinformatics platform for data analysis and storage. 
Genomic and Transcriptomic issues from fixed cells, dis-
aggregated living tissues, cell cultures and cellular orga-
nelles can be analyzed.

The service also counts with high-performance worksta-
tions and software packages for data analysis.

Omics Facility 

Staff
Antonio Javier Caler Escribano
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Cell Culture Facilities

Staff
Sara Carratalá Gosálbez

Rosa García Velasco

The Cell Culture Unit is the Insituto de Neuro-
ciencias Service that provides researchers 
the environment for getting healthy viable 
cell cultures. This Service is composed by 
three different and spatially separated Areas 
in order to carry out different types of cell 
cultures: Cell Lines, Primary Cultures and Or-
ganotipic Cultures.

Each of these facilities are well equipped with 
class I and/or class II laminar flow cabinets, 
incubators, inverted phase contrast and flu-
orescence microscopes and all the material 
necessary to perform specialized cell culture 
techniques. Bio-safety level 2 areas are in-
cluded to work with high risk material (human 
samples, virus).The Unit also have available a 
new generation system for real-time quanti-
tative live-cells analysis.

SHARE Service

The Scientific HARdware and Electronics ser-
vice (SHARE) provides services to adapt and 
create instruments and experimental devic-
es according to the specific needs of the IN 
groups. It has state-of-the-art precision ma-
chinery for the prototype and manufacturing 
of new scientific devices and to perform local 
reparations of equipment, and is intimately 
related to the innovation unit (UCIE).

Reparations of scientific and laboratory 
equipment. Provide knowledge and tools for 
technology innovation. Promote a “do it your-
self” culture.

Staff
Víctor	Javier	Rodríguez	Milán
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Administration & Service Staff

Manager
Mª	Teresa	García	Hedo

Administration
Mª	Jesús	Arencibia	Rojas	
Helena	Campos	Martín	
Mª	Auxiliadora	Casanova	Javaloyes
Alicia Ferri Coballes
Virtudes García Hernández 
Eva García Raigal
Ana	María	López	Martínez	
Sonia	Martín	Rodríguez
Virtudes	Monasor	Gómez
Isabel Ortega Castillo
Javier Paniagua Paniagua
Isabel Romero García 
Ruth Rubio Sánchez 
José Sánchez Ardila 
Rosa	Mª	Sánchez	Cayuela
Mª	José	Soria	Pedrera
Beatriz	Yunta	Arce

Maintenance
Jesús	Campos	Roldán

Computing
Mª	Isabel	Sánchez	Febrero

Radioactivity Control
Emilio Gutiérrez Flores  

Audiovisual, Photography and Illustration
Sergio Javaloy Ballestero

Glassware & Autoclaving
Trinidad Guillén Carrillo

D. Echevarría Aza



110

Research Highlights

Immediate and deferred epigenomic signatures of 
in vivo neuronal activation in mouse hippocampus.
Fernandez-Albert J et al. Nat Neurosci 2019
URL: http://in.umh-csic.es/destacada93.aspx

Piezo2 Mediates Low-Threshold Mechanically Evoked 
Pain in the Cornea.
Fernández-Trillo et al. The Journal of Neuroscience 2020
URL: http://in.umh-csic.es/destacada102.aspx

A Zic2-regulated switch in a noncanonical 
Wnt/Beta-catenin pathway is essential for 
the formation of bilateral circuits.
Morenilla-Palao	et	al.	Science Advances 2020
URL: http://in.umh-csic.es/destacada101.aspx 

Repression of Irs2 by let7 miRNAs is essential for 
homeostasis of the telencephalic neuroepithelium.
Fernández et al. EMBO J 2020
URL: http://in.umh-csic.es/destacada100.aspx

Different theta frameworks coexist in the rat 
hippocampus and are coordinated during 
memory-guided and novelty tasks.
López-Madrona	et	al.	eLife 2020
URL: http://in.umh-csic.es/destacada99.aspx

Chronic alcohol consumption alters extracellular space 
geometry and transmitter diffusion in the brain.
De Santis et al. Science Advances 2020
URL: http://in.umh-csic.es/destacada98.aspx KAT3-dependent acetylation maintains 

neuronal identity in the adult mouse brain.
Lipinski et al. Nature Communications 2020
URL: http://in.umh-csic.es/destacada97.aspx

2019/20

A gene regulatory network to control EMT programs 
in development and disease.
Fazilaty et al. Nature Communications 2019
URL: http://in.umh-csic.es/destacada96.aspx Unbalanced dendritic inhibition of CA1 neurons 

drives spatial-memory deficits in the Ts2Cje Down 
syndrome model.
Valbuena et al. Nature Communications 2019
URL: http://in.umh-csic.es/destacada95.aspx

MicroRNAs Establish the Right-Handed Dominance 
of the Heart Laterality Pathway in Vertebrates.
Rago et al. Developmental Cell 2019
URL: http://in.umh-csic.es/destacada94.aspx

http://in.umh-csic.es/destacada93.aspx 
http://in.umh-csic.es/destacada102.aspx
http://in.umh-csic.es/destacada101.aspx
http://in.umh-csic.es/destacada100.aspx
http://in.umh-csic.es/destacada99.aspx
http://in.umh-csic.es/destacada98.aspx
http://in.umh-csic.es/destacada97.aspx
http://in.umh-csic.es/destacada96.aspx
http://in.umh-csic.es/destacada95.aspx
http://in.umh-csic.es/destacada94.aspx
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Research Highlights

Prenatal activity from thalamic neurons governs the 
emergence of functional cortical maps in mice.

Antón-Bolaños et al. Science 2019
URL: http://in.umh-csic.es/destacada90.aspx

Microstructural White Matter Alterations in Men With 
Alcohol Use Disorder and Rats With Excessive Alcohol 
Consumption During Early Abstinence.
De Santis S et al. JAMA Psychiatry 2019
URL: http://in.umh-csic.es/destacada89.aspx

A Retino-retinal Projection Guided by Unc5c 
Emerged in Species with Retinal Waves.
Murcia-Belmonte	et	al.	Current Biology 2019
URL: http://in.umh-csic.es/destacada88.aspx

CBP and SRF co-regulate dendritic growth 
and synaptic maturation.
Blanco et al. Cell Death & Diff. 2019
URL: http://in.umh-csic.es/destacada87.aspx

Eph signaling controls mitotic spindle orientation 
and cell proliferation in neuroepithelial cells.

Franco	M.,	Carmena	A.	J Cell Biol. 2019
URL: http://in.umh-csic.es/destacada86.aspx

The Immunosuppressant Macrolide Tacrolimus 
Activates Cold-Sensing TRPM8 Channels.
Arcas et al. J Neurosci. 2019
URL: http://in.umh-csic.es/destacada85.aspx

2019/20

Elevated synaptic vesicle release probability in 
synaptophysin/gyrin family quadruple knockouts.
Raja	MK	et	al.	eLife. 2019
URL: http://in.umh-csic.es/destacada91.aspx

Ecdysone-Induced 3D Chromatin Reorganization 
Involves Active Enhancers Bound by Pipsqueak 
and Polycomb.
Gutierrez-Perez et al. Cell Reports 2019
URL: http://in.umh-csic.es/destacada92.aspx

The evolutionary history of Ephs and ephrins: 
toward multicellular organisms.
Arcas et al. Molecular Biology and Evolution 2019
URL: http://in.umh-csic.es/destacada93b.aspx

http://in.umh-csic.es/destacada90.aspx
http://in.umh-csic.es/destacada89.aspx
http://in.umh-csic.es/destacada88.aspx
http://in.umh-csic.es/destacada87.aspx
http://in.umh-csic.es/destacada86.aspx
https://www.jneurosci.org/content/39/6/949
http://in.umh-csic.es/destacada85.aspx
http://in.umh-csic.es/destacada91.aspx
http://in.umh-csic.es/destacada92.aspx
http://in.umh-csic.es/destacada93b.aspx
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Scientific Meetings

IN Seminar Program 
The IN runs a very successful international seminar program. Doz-
ens of prominent scientists from all over the world visit our institute 
and interact with our researchers during 1 or 2 days. 

Scientific Meetings 
The IN researchers are very active in the organization of scientific 
meetings. As a result of this activity Alicante has become an essen-
tial European hub for activities in the field of neurosciences. Hun-
dreds of PhD students, postdoctoral researchers and group leaders 
from all over the world visited our institute and/or the city of Ali-
cante to participate in these events. The most prominent meetings, 
conferences and workshops organized in 2019 and 2020 were:

• 20th Aniversary of Instituto de Neurociencias
Commemorative 2-day long meeting with the participation of 15 
prestigious international researchers.

• European Developmental Biology Congress
International congress supported by the main Developmental Biol-
ogy Societies in Europe that gathered hundreds of experts in this 
field. 

• 3rd Edition of the AXON meeting on Circuits Development and 
Regeneration

International meeting that gathers world leaders and promising 
young researchers in the field of Circuits Development and Regen-
eration.

• Neuroscience meets 3D Genome Biology 
Workshop that combined talks by leaders in the field of genome 
biology and 3D chromatin architecture with a hands-on training mi-
ni-course on Single Cell ATAC-seq .

• XVI & XVII Christmas Meetings
Annual meetings organized by the IN every year in which young re-
searchers working abroad interested in knowing, and possible join-
ing, the IN get to know our staff and facilities. During the meeting 
there is a poster session in which young IN researchers present the 
investigations carried out in the current year.

See Annex for complete list.
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The International Master in Neurosciences: from 
the bench to the bedside organized to be the 
first step of a career in Neuroscience research 
for those graduate students with a particular 
interest in this field. The Master is open to grad-
uates in biology, biochemistry, medicine, psy-
chology, biotechnology, veterinary medicine 

Master & PhD Program
Master in Neurosciencies: from the bench to the bedside.
Official Master of the UMH

or other related degrees, as well as graduates in fields not directly related to biology (such as physics, 
mathematics and computers) interested in Neuroscience. The number of places in the Master is limited 
to only 20 applicants that are selected based on their academic record and their previous experience in 
laboratories. The Master is taught in English and covers one academic year (60 ECTS credits). It qualifies 
for the Access to doctorate programs, both the Doctorate program in Neurosciences of the Institute and 
other programs in other Universities.
 

Internationalization

The “Severo Ochoa” Program of the IN provides 5 grants for foreign Master students. The support of the 
Carolina Foundation further supports the incorporation of international student from South and Cen-
tral America. In addition, the Master in Neurosciences is part of the Network of European Neuroscience 
Schools (NENS) and a student exchange program has been set up with the Pasteur Institute in Paris.

The following subjects are covered: 

Mandatory subjects:
• Advances in genetic analysis and embriology 

in animal models for the study of the nervous 
system (6 ECTS)

• Organization and cellular components of the 
nervous system (6 ECTS).

• Advances in neuronal communication: from 
the cellular level to the whole animal (6 ECTS)

• Processing of informations in the central nerv-
ous system: synaptic transmission, plasticity 
and sensory processing (6 ECTS).

• Animal facilities and tools in neuroscience (3 
ECTS).

• Functional imaging analysis (3 ECTS).
• Neuropathology (3 ECTS).
• New therapies (3 ECTS).
• Neuroscience today (4,5 ECTS).

Optative subjects (the student must choose one):

• Developmental biology: from neurogenesis to 
circuit formation (4,5 ECTS).

• From ionic channels to sensory processing: a 
functional approach. (4,5 ECTS).

Master Research Project:

• Original laboratory research work (15 ECTS).

http://masterneurociencia.edu.umh.es/
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Master & PhD Program

PhD program (RD 99/2011)

The program is designed to stimulate the initiative and abilities of the students, 
helping to orient the development of their scientific careers. The PhD program in 
Neurosciences has been always a vehicle for the internationalization of the Institute 
in which a mean of 30% of the students come from abroad.

The PhD in Neuroscience welcomes graduates in biology, biochemistry, medicine, 
psychology, biotechnology, veterinary medicine, as well as students from non-bi-
ology fields (like physics, maths and computer science) interested in neuroscience. 
Students with a degree within the European Higher Education Area with a minimum 
of 300 ECTS are eligible. Typically, students have 60 ECTS Master Degree, prefer-
ably in Neuroscience. The university degree should qualify for the start of a PhD 
thesis in the student’s home country. Non-European university degrees should be 
equivalent to a European MSc. According to the current law, students require a total 
of 300 ECTS credits to be admitted. It is also necessary to have a letter from the 
thesis supervisor accepting the direction of the thesis. On average 20 new PhDs are 
admitted yearly.

The program offers a variety of Training activities like:

• Research seminars at the Institute of Neuroscience.
• Presentation and discussion of the thesis project.
• Participation in Institutional Scientific Activities.
• Participation in national and international conferences.
• Participation in neuroscience courses.
• Stays in external laboratories both in Spain and aboard.
• Participation in dissemination activities.

http://in.umh-csic.es/phd_view.aspx
https://www.umh.es/contenido/Estudios/:tit_d_216/datos_es.html?frm=pintaDoctoradoPlanEstudios
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Innovation

In order to encourage research applied to productive activ-
ity, the Agencia Valenciana de Innovación (AVI) promoted 
and supports the creation of an Innovation and Technol-
ogy Transfer Office (UCIE) at the IN with the specific aim 
of identifying and nurturing knowledge transfer. This unit, 
called IN.pulse, has become the link between what the IN 
investigates and the potential transfer of research results 
into innovative products.

Although the main activity of the IN is the generation of 
new knowledge through basic research on the develop-
ment and function of neuronal circuits, their genetic pro-
grammes and cognitive capacities, many of these research 
programmes have produced important results that can be 
transferred to society, both through the health system 
and to the productive sector. The innovation axis of the 
IN, supported by IN.pulse, is responsible for identifying 
and accompanying these projects in their transfer process, 
as well as promoting innovation activities at the IN. On-
going projects include the development of biomarkers for 
Alzheimer’s disease, treatments to improve eye comfort, 
new drug delivery vectors for the treatment of glioblasto-
mas, and the use of AI to improve the definition of treat-
ments in parkinsonism, the phases of disease or mood and 
loneliness in the elderly.

Staff
José	Manuel	del	Río

Virtudes García Hernández
Andrés Giner Antón

Silvia Ortín González

https://www.inpulse.es/


Del universo al cerebro 
Una exposición para divulgar con arte

Luis M. 
Gutiérrez

M31. Galaxia de Andróme-
da. / Luis. Gutiérrez
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Outreach Activities
Brain Awareness Week 2019 - Open Days

 Dates: March 11-19, 2019
 Coordinator: Diego Echevarria

The conference began with a conference at the Ali-
cante “Club Información” within the cycle “Brain and 
Society” with the debate “Transfer of scientific results 
to solve society’s problems.” This colloquium was 
moderated by Professor Salvador Martínez, director of 
the Instituto de Neurociencias and had the participa-
tion of Mr. Andrés García Reche, Executive Vice Presi-
dent AVI and Prof. Pablo Artal, Prof. of the University 
of Murcia.

During the open days, 2,900 people, aged between 5 
and 90 years old, came from 66 institutions, including 
IES, schools, special assistance centers and centers for 
the elderly.

There was a great collaboration of the staff of the Neu-
rosciences Institute (65%) in the development of the 
activities. 

20 informative talks were given in the format of mi-
ni-talks in which researchers and specialists from the 
Institute of Neurosciences explain the research, meth-
ods and animal models used to carry out their studies.

Exhibition by Dr. Luis Miguel Gutiérrez

 Date: November 7, 2019 to January 31, 2020.
 Place: Museo Nacional de Ciencias Naturales 

The professor of Biochemistry and Molecular Biology 
at the Miguel Hernández University (UMH) of Elche, 
Luis Miguel Gutiérrez, exhibited his work “From the 
Universe to the Brain: Macro and Microcosmos”. at 
the National Museum of Natural Sciences (MNCN) in 
Madrid.

Brain Awareness Week 2020 - Open days

 Dates: March 9-13, 2020
 Coordinator: Diego Echevarria

Brain Week 2020 (March 9-13) had a very reduced 
celebration due to the pandemic situation produced 
by COVI-19 and that following the recommendation of 
the Health Authorities it was decided to suspend, on 
Wednesday, March 11, the World Brain Week activi-
ties including Open Days.

Among the activities that could be carried out is the 
inauguration of the Brain Week with the Brain and So-
ciety Cycle at the Club Information, (Avenida Doctor 
Rico, 17, 03005 Alicante), with the assistance of the 
Vice-Rector for Research, Domingo Orozco, with the 

http://in.umh-csic.es/paginas_particulares/SemanaCerebro/Multi/BAW_AnyoActual/
https://semanadelcerebroin.umh.es/baw-2020/
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round table: “The COVID-19 coronavirus epidemic 
and our fears” moderated by Salvador Martínez Pérez, 
professor of Human Anatomy and director of the In-
stituto de Neurociencias and with the participation of 
the speaker Prof. Rafael Tabarés Seisdedos (Profes-
sor of Psychiatry at the University de Valencia) and 
Prof. Ildefonso Hernández Aguado (Professor of Public 
Health. Miguel Hernández University of Elche).

The Open Days were held in the Francisco Javier 
Balmis building and the talks were planned to be held 
in the Assembly Hall of the Severo Ochoa building to 
accommodate as many visitors as possible.

Stay of 3 winning students of the XXXI 
Young Researchers Contest

 Date: September 10-24, 2020

Three winning students of the XXXI Young Research-
ers Contest spent a 5-day stay at the IN, in the Exper-
imental Embryology laboratory.

Visit of students from the ESTALMAT 
program

 
 Date: February 22, 2020

50 young students from the Estalmat project (Stimu-
lus for Mathematical Talent) visited the IN. The project 
is organized by the Royal Academy of Exact, Physical 

and Natural Sciences and has the support and funding 
of the CSIC and the Spanish Foundation for Science 
and Technology (FECyT). The young people were re-
ceived by Víctor Borrell with a presentation talk about 
the Neurosciences Institute and later they were di-
vided into groups to visit the Imaging, Omic and NMR 
services and to finish Dr. Diego Echevarría gave a talk 
about the Human Brain.
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Press Cutting

The	Instituto	de	Neurociencias	UMH-CSIC	appeared	607 times in the media 

in 2019, and 546 times in 2020. The lockdown caused by the pandemic 

reduced the impact on the media compared to 2019.

Access the full report on media impacts 2020Access the full report on media impacts 2019

https://drive.google.com/open?id=1tXJ3A8-2Gq6OqMA5iGvuXXLWP800Dn5Z&authuser=ilustracioncientifica.in%40umh.es&usp=drive_fs
https://drive.google.com/file/d/1t_YOGl4NZwQ8llpgxr8DhuGTFwyaP0fy/view?usp=sharing
https://drive.google.com/file/d/1_zqYqXIC4SVRbOPgBxsoZqEMTdpZRuY8/view?usp=sharing
https://drive.google.com/open?id=1tXJ3A8-2Gq6OqMA5iGvuXXLWP800Dn5Z&authuser=ilustracioncientifica.in%40umh.es&usp=drive_fs
https://drive.google.com/file/d/1_zqYqXIC4SVRbOPgBxsoZqEMTdpZRuY8/view?usp=sharing
https://drive.google.com/open?id=1tXJ3A8-2Gq6OqMA5iGvuXXLWP800Dn5Z&authuser=ilustracioncientifica.in%40umh.es&usp=drive_fs
https://drive.google.com/file/d/1t_YOGl4NZwQ8llpgxr8DhuGTFwyaP0fy/view?usp=sharing
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+ 4k People reached1,7k Followers

Meet us at the Social Networks

@NeuroAlc

Dec
2018

Dec
2020

3,1k

1,7k

Followers

https://twitter.com/NeuroAlc
https://www.facebook.com/InstitutodeNeurocienciasCsicUMH/
https://www.facebook.com/InstitutodeNeurocienciasCsicUMH/
https://www.youtube.com/channel/UCYccq8WGHq6MSq8uKy9v4EQ/featured
https://twitter.com/NeuroAlc
https://www.facebook.com/InstitutodeNeurocienciasCsicUMH/
https://twitter.com/NeuroAlc
https://www.facebook.com/InstitutodeNeurocienciasCsicUMH/
https://twitter.com/NeuroAlc
https://www.youtube.com/channel/UCYccq8WGHq6MSq8uKy9v4EQ/featured
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Collaborations & Alliances
There are regular collabora-
tions between IN research-
ers and scientists of the 
most prestigious biomed-
ical research institutions. 
Just to mention some of 
the most consolidated, we 
collaborate with: the Insti-
tute Pasteur and the École 
Normale Supérieure (París), 
the Institut de Génomique 
Fonctionelle (Montpellier), 
the Max-Planck-Institut für 
Neurobiologie (Munich), the 
Max-Planck-Institut für Im-
munbiologie und Epigenetik 
(Freiburg), the Helmholtz 
Zentrum (Munich), the Cen-
tral Institute of Mental Health 
(Mannheim), the University 

of Heidelberg, the University 
of Mainz, the Laboratory of 
Ion Channel research (Leu-
ven), the MRC Developmen-
tal NeurobiolVogy Unit (Mill 
Hill), the University of Edin-
burgh, the Harvard Univer-
sity (Boston), the Columbia 
University (New York), the 
Salk Institute (La Jolla), the 
University of Buenos Aires, 
and the University of Hong 
Kong.

The participation of the IN 
researchers is fostered in 
European Networks of Ex-
cellence, Integrated Projects 
and International Training 
Networks (ITNs) as well as in 

high-throughput technolog-
ical platforms, to facilitate 
mobility with partner labs. 
The “Remedios Caro Almela” 
prize, supported by private 
funds, is awarded by the IN 
(http://in.umh.es/remedi-
os-caro-almela.aspx). This 
prominent and well-regard-
ed international prize has 
been consistently sought by 
leading Europe-based neuro-
scientists, has reliably iden-
tified some of the very top 
leaders in European devel-
opmental neuroscience, and 
has succeeded in bringing 
attention to the Institute.

The IN has established collaborations with public and private 
institutions such as:

• Agencia Valenciana de Innovación (AVI-GVA)
• Hospital de San Juan. Activities of formation and scientific 

training. Consejería de Salud de la Comunidad Valenciana.
• Cátedra de Investigación en Medicina y Neurociencias 

(Elche-Crevillente Salud S.A.)
• Asociación Española Contra el Cáncer
• Universidad San Pablo CEU
• Universidad Católica de Murcia (UCAM)
• Universidad Cardenal Herrera CEU

The international character of our teaching program is 
fundamental to expand our presence in the first stages of 
training of researchers, and compete for the best students. 
That is why we have organized the International Master in 
Neuroscience in collaboration with the Institut Pasteur and 
the University Paris VI.

http://in.umh.es/remedios-caro-almela.aspx
http://in.umh.es/remedios-caro-almela.aspx
http://in.umh.es/remedios-caro-almela.aspx
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SOMMa and “Severo Ochoa” 
acreditation of Excellence
The IN, a Severo Ochoa Center of Excellence

The Institute of Neurosciences renewed its accreditation as a Seve-
ro Ochoa Center of Excellence in 2018, which was first awarded in 
2014. This accreditation seeks to boost Spanish science by recogniz-
ing cutting-edge research centers, and by further supporting them 
to enhance their impact, international scientific leadership, and com-
petitiveness. Successful proponents hold the Excellence award for a 
period of 5 years and receive an additional budget of 1 million Euros 
per year during the four first years. Currently, 28 centers hold the 
‘Severo Ochoa’ Centers of Excellence accreditation. In addition, 22 
units hold the ‘María de Maeztu’ Units of Excellence accreditation 
aimed to smaller institutions. They cover a wide breadth of scientific 
disciplines, from life sciences and medicine, mathematics, chemistry, 
physics, engineering, to humanities and social sciences.

Together, this 50 centers and units constitute SOMMa: The “Seve-
ro Ochoa” Centres and “María de Maeztu” Units of Excellence Al-
liance. Such initiative aims to strengthen excellence at institution-
al- and unit-level to originate and maintain stimulating, creative, 
and cutting-edge environments. The ultimate goal of this scientific 
ecosystem is to attract and nurture scientific talent and promote 
ground-breaking research, following principles of excellence, integ-
rity, external peer-review, competitiveness, and international coop-
eration.
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The Chair “Prof. Remedios Caro Almela” was established 
in 2000 as a tribute of Fernando Martínez Ramos to his 
wife, Dª. Remedios Caro Almela, a dedicated teacher and 
science lover. Fernando Martínez Ramos and his family 
launched the Chair in collaboration with the University 
Miguel Hernández (UMH) and the Institute of Neuroscience 
(IN) to support and promote the research in Neuroscienc-
es. During the last two decades the Chair has distinguished 
two outstanding European researchers with strong ties to 
Alicante and the IN. The Chair has contributed enormous-
ly to the visibility and promotion of the IN as a reference 
center in Neurosciences at the national and international 
levels through the sponsorship of various actions, such as 
the “Remedios Caro Almela” Prize for Research in Devel-
opmental Neurobiology, activities for dissemination of sci-
ence and travel grants for students to attend international 
scientific meetings.

 Richard Morris & Constantino Sotelo

Professor Constantino Sotelo (2000-2012) Professor at 
the CNRS in France and Director of Unit 106 INSERM, Hos-
pital de la Salpetriere, Paris.

Professor Sotelo has contributed extensively to our knowl-
edge about the anatomy and function of the cerebellum 
and conducted pioneering studies on neuronal plasticity 
and axonal regeneration. Currently, he is emeritus Profes-
sor at the Institute de la Vision in Paris. 

Professor Richard Morris (2013-present) Professor of 
Neuroscience at the University of Edinburgh and Member 
of the Royal Society.

Professor Morris has made countless contributions to the 
neurobiology of learning and memory, applying concepts 
and work techniques that enable the development of new 
therapies for Alzheimer’s disease, among others. 
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Remedios Caro Almela Prize

The jury of the “Remedios Caro Almela Prize” awarded the 
IX Prize to Professor Oscar Marín, Director of the Center for 
Studies on Developmental Disorders of the Nervous System 
at the King College London. 

Prof. Marín was awarded for his work on the principles that 
govern the organization of cortical neuronal circuits. In par-
ticular, the mechanisms that control migration, the final ac-
quisition of the neuronal phenotype and the connectivity of 
cortical interneurons. He has studied the balance between 
excitation and inhibition, a balance that during the critical 
period of development is crucial for the formation of those 
circuits responsible for cortical function. The breakdown of 
this dynamic balance leads to the appearance of function-
al abnormalities of the cerebral cortex. His work is essential 
to begin to understand the causes of some psychiatric dis-
orders and, eventually, allow the development of a therapy 
that allows not only treating the symptoms but also treating 
the neurobiological causes of some mental disorders.

Prof. Marín obtained his doctorate in Neuroscience at the 
Universidad Complutense de Madrid, followed by a postdoc-
toral stay at the University of California, San Francisco. He 
was a CSIC research professor at the Institute of Neuroscienc-
es in Alicante before joining the King College in 2014. He 
was one of the founding members of the Scientific Council of 
the European Research Council, where he served from 2005 
to 2010. Currently, he is a Welcome Trust researcher, sec-
ond-time recipient of an ERC Advanced Grant and member of 
the Board of Reviewing Editors for Science magazine. Among 
other distinctions he has also received the EURYI European 
Young Researcher Award (2004), the Banco Sabadell Award 
for Biomedical Research (2008), the Rey Jaime I Award for 
Basic Research (2011), the FENS-EJN Award (2012) and the 
Roger de Spoelberch Prix (2014).

Dr. Óscar Marín, 2019



125

Prof. Claudio Stern (Chair)

Prof. María Blasco

Prof. Michael Häusser

Prof. Magdalena Götz

Prof. Ranulfo Romo

IN Scientific Advisory Board 2016-2020

Claudio Stern has been elected Fellow of the Royal Society, Acad-
emy of Medical Sciences, Academia Europaea, Institute of Biology 
and of the Latin-American Academy of Sciences and member of 
EMBO. In 2006 he was awarded the prestigious Waddington Medal 
from the British Society for Developmental Biology. He was also 
president of the International Society for Developmental Biology 
2009-2013.

María Blasco joined the CNIO as Director of the Molecular On-
cology Programme and Leader of the Telomeres and Telomerase 
Group. In 2005 she was also assigned as Vice-Director of Basic 
Research and in 2011 she was appointed as CNIO Director. She 
has received the Josef Steiner Cancer Research, Rey Jaime I, Kör-
ber European Science, Alberto Sols and Fundación Lilly Preclinical 
Research, Awards; the Spanish National “Santiago Ramón y Cajal” 
Research Award in Biology and the EMBO Gold Medal, and has 
served on its Council since 2008.

Michael Häusser has made fundamental contributions to our un-
derstanding of how the complex dendritic structures of nerve 
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Project for the Expansion of International Diffusion 
of the Instituto de Neurociencias in Non-Community 
Countries of Europe - Belarus: 
3-month internship in Belarus of 12 Occupational 
Therapy students 
 Date: 1/11/2018 - 30/03/2019
 Coordinator: Diego Echevarria

Visit of the President of the Generalitat Valenciana, 
Ximo Puig, to the facilities of the Institute of Neuro-
sciences: 
The president of the Generalitat Valenciana, Ximo 
Puig, visited the facilities of the Instituto de Neuro-
ciencias. The rector of the UMH, Jesús Pastor Ciurana 
accompanied Mr. Puig during the tour. The visit was 
also attended by the mayor of Sant Joan d’Alacant, 
Jaime Joaquín Albero Gabriel, the director of the Insti-
tute of Neurosciences, Salvador Martínez and the vice 
director of the Institute, Víctor Borrell. 

During the tour, they had a meeting with the research-
ers Prof. Carlos Belmonte and Dr. Juan Lerma, as well 
as with the directors of the three research units of the 
Institute of Neurosciences, the researchers Prof. Javier 
Sáez, Dr. Santiago Canals and Dra Maria Domínguez. 
They have also visited three laboratories of the Insti-
tute, equipped with funds from the Generalitat: the Mi-
croscopy, Omic and Magnetic Resonance Service.
 Date: February 12, 2019

Visit of Pedro Duque, Minister of Science, Innovation 
and Universities, to the Instituto de Neurociencias: 
D. Pedro Duque, Minister of Science, Innovation and 
Universities, has visited the Institute of Neurosciences. 
Pedro Duque has learned about the latest generation 
functional magnetic resonance imaging and platforms, 
as well as meeting with the principal investigators from 
the different laboratories. 

The visit was accompanied by, among others, the di-
rector of the center Dr. Salvador Martínez, the rector 
of the Miguel Hernández University, Jesús Tadeo Pas-
tor Ciurana, the CSIC delegate in the Valencian Com-
munity, José Pío Beltrán and Jaime Albero, the mayor 
of Sant Joan.
 Date: April 15, 2019

Visit of Prof. Avram Hershko, Nobel Prize in Chemis-
try 2004:
Researcher Avram Hershko, 2004 Nobel Prize Winner 
in Chemistry with researchers Aaron Ciechanover and 
Irwin Rose for the discovery of ubiquitin-mediated pro-
tein degradation. Dr. Hershko visited the facilities of 
the Instituto de Neurociencias. During the visit he held 
meetings with the management of the Institute and 
the units.
 Date: June 3, 2019

Other Activities
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2020, a year marked by the pandemic

The year 2020 has been a different, complicated and 
atrocious year. A year in which we have gone through 
numerous difficulties in the field of healthcare and we 
had to adapt to new procedures and ways of working.

Although it has been a really hard year, the Institute 
of Neurosciences has not stopped in its efforts to ad-
vance in the understanding of the brain and the dis-
eases of the nervous system. In addition, we helped 
in everything we could to combat the COVID-19 pan-
demic.

When Spain entered a State of Alarm and most of our 
workers had to telework and stay at home, the IN be-
gan a solidarity initiative together with “Psychologists 
without Borders - Alicante” to sterilize masks, in col-
laboration which the Civil Guard, and the Local and Na-
tional Police, taking advantage of our autoclaves. To 
do this, groups of IN researchers and technicians were 
organized to pack and sterilize thousands of masks 
that were distribute to health workers. Overall, more 
than 75,000 masks were sterilized.

The IN staff also participated in the “Coronavirus-
makers” initiative, in which the 3D printing collective 
of San Juan de Alicante and San Vicente del Raspeig, 
including two colleagues from the IN, began to man-
ufacture ears protectors that were jointly distributed 
with the masks. These colleagues manufactured more 
than 1,600 ears protectors using the IN printers trans-
ferred to their homes. They also made 632 visors, 45 
protective glasses and several connectors for respira-
tors and collaborated in the UMH Patronage Project 

creating 460 glasses. Once it was possible to return to 
work, we began to create material for the protection of 
IN researchers and to date 40 protective visors, 308 in-
dividual eye protectors for microscopes, 72 protective 
goggles and 872 ear protectors for the rubbers have 
been made. 

The IN together with the UMH processed the permits 
to be able to carry out diagnostic tests against SARS-
CoV-2 in our new higher security culture facilities 
(NCB2) with the anticipation of being able to collabo-
rate if the hospital services became saturated. Fortu-
nately, this reinforcement in diagnostic tests was not 
finally necessary.

The IN in collaboration with the UMH also processed 
the permits to be able to carry out diagnostic tests 
against SARS-CoV-2 in a new high biological security 
facility (NCB2), although our services were not ulti-
mately required.

Finally, some of our researchers have been or are work-
ing directly on research projects related to COVID-19. 
This is the case of Prof. Salvador Martínez who has 
participated in clinical trials with Defibrotide, an en-
dothelial anti-inflammatory drug, in severe COVID-19 
patients and in a cell therapy trial with allogeneic mes-
enchymal cells. Furthermore, the group of Prof. Javier 
Sáez started a line of research on determining the lev-
els of circulating ACE2, the receptor that SARS-CoV-2 
uses to infect patients with COVID-19. The team col-
laborates with the COVID-19 group at the Hospital de 
Alicante-ISABIAL and with basic groups that develop 
vaccines at CNB (CSIC) to assess the usefulness of cir-
culating ACE2 as a prognostic marker in patients and 
follow-up in clinical trials.
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Neuronal vulnerability in Parkinson’s 
disease- a human only disorder

Dr. Manuel Irimia CRG, Barce-
lona Neuronal proteome remode-
ling by microexons and their misreg-
ulation in autism spectrum disorder.

Dr. Juan Lerma Instituto de Neuro-
ciencias Submitting your work to an 
international journal: the peer review 
process & what we expect in a good 
paper.

Dr. Alfonso Perez-Escudero Uni-
versité Paul Sabatier, Toulouse, France 
From the individual decision to the 
fate of a species. A case study with 
Caenorhabditis elegans.

Dr. Derek Jones CUBRIC Cardiff Uni-
versity, Cardiff, UK New win-
dows on white matter architecture in 
vivo

Dr. Fiona Doetsch Biozentrum, 
University of Basel, Basel, Switzerland 
The Niche Goes Global: Long-Range 
Regulation of Adult Neural Stem Cells.

Dr. Lukas Sommer  University of 
Zurich, Zurich, Switzerland 
Neural Crest Stem Cells in Develop-
ment, Tissue Regeneration and Can-
cer

Dr. Pierre Paoletti Ecole Nor-
male Supérieure - PSL University, Par-
is, France NMDA receptors: 
allosteric machines in neurotransmis-
sion.
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Seminars 2019

Dr. Ross Cagan	 Icahn	 School	 of	Medi-
cine	at	Mount	Sinai,	New	York	(USA)	
Fly-to-Bedside

Dr. Christos Delidakis	 IMBB,	 Herak-
lion, Crete, Greece Dissecting 
Hes-centered transcriptional networks 
in neural stem cell maintenance and 
tumorigenesis in Drosophila

Dr. Kim Rewitz University of Copen-
hagen, Copenhagen, Denmark A 
fat-tissue oxygen sensor controls insu-
lin secretion and growth.

Dr. Elior Peles Weizmann Institute 
of Science, Rehovot, Israel R o l e 
of Axoglial Cell adhesion molecules in 
myelination.

Dr. Emily Osterweil University of Edin-
burgh, Edinburgh, Scotland 
Cell-type specific translation profiling 
identifies novel disease mechanisms in 
mouse models of autism.

Dr. Stefan Lechner Universität Heidel-
berg, Heidelberg, Germany H o w 
do we sense pain? The molecular basis 
of mechanosensitivity in primary sen-
sory neurons.

Dr. Jonas Neher DZNE, Tubingen, Ger-
many Innate immune memory in the 
brain shapes neurological disease hall-
marks.

Dr. Moritz Helmstaedter	MPI	 Institute	
for Brain Research, Frankfurt, Germany 
Cerebral Cortex Connectomics.

Dr. Daniel López Garaulet	 Memorial	
Sloan Kettering Cancer Center , New 
York	 A post-transcriptional regula-
tory circuit specifies the virgin behav-
ioral state.

Dr. Douglas Bayliss University of Vir-
ginia, Charlottesville, USA Prop-
erties, regulation and functions of 
Pannexin 1 channels.

Dr. Joel Richter	 University	 of	 Massa-
chusetts	 Medical	 School,	 Worcester,	
USA The Fragile X Syndrome.
Ieva Gailite	 Editor	 at	 The	 EMBO	
Journal Behind the scenes at The 
EMBO Journal: the editorial process.

Dr. Karel Talavera K U L e u v e n , 
Leuven, Belgium Relevance of agonist 
promiscuity among sensory TRP chan-
nels: Redundancy or wide dynamic 
range?

Drs. Ana M. Soto y Carlos Sonnen-
schein	 Tufts	University	School	of	Med-
icine, Boston, USA Carcinogen-
esis explained within the context of a 
theory of organisms.

Dr. Ragnhildur Thora Karadottir  De-
partment	 of	 Veterinary	Medicine,	 Uni-
versity of Cambridge, UK  Neuronal 
regulation of oligodendrocyte precur-
sor fate and (re)myelination

Dr. Pierre Marie Lledo Institut Pas-
teur, Paris, France Brain plasticity: A 
process fueled by brain-body interac-
tions.
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Informative Talks: ¿Quieres saber qué se hace en tu instituto?

2019

2020

Dra. Beatriz del Blanco Instituto de 
Neurociencias Charlas de divulgación: 
¿Quieres saber qué se hace en tu in-
stituto? - ¿Es posible cambiar nuestra 
información genética?

Dra. Silvia de Santis Instituto de 
Neurociencias Charlas de divulgación: 
¿Quieres saber qué se hace en tu in-
stituto?-¿Cómo fotografiar un cerebro 
usando un imán?

Dr. María Salud García-Gutiérrez Insti-
tuto de Neurociencias Charlas de di-
vulgación: ¿Quieres saber qué se hace 
en tu instituto? - El estudio en ratones 
para predecir la depresión

Dr. Francisco Martini Instituto de 
Neurociencias Charlas de divulgación: 
¿Quieres saber qué se hace en tu insti-
tuto? El cerebro antes del cerebro

Dr. Hugo Cabedo Instituto de Neuro-
ciencias Charlas de divulgación: 
¿Quieres saber qué se hace en tu insti-
tuto? - ¿Se regenera el sistema nervi-
oso?

Dr. John Wesseling Instituto de 
Neurociencias Charlas de divulgación: 
¿Quieres saber qué se hace en tu insti-
tuto? - ¿Qué es la sinápsis y para qué 
sirve?

Dra. Mª Carmen Acosta Instituto de 
Neurociencias Charlas de divulgación: 
¿Quieres saber qué se hace en tu insti-
tuto? - Lágrimas y ojo seco

Dr. Luis Miguel Gutiérrez Instituto de 
Neurociencias Charlas de divulgación: 
¿Quieres saber qué se hace en tu insti-
tuto? “Del universo al cerebro: divul-
gando en los límites entre la ciencia y 
el arte”
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Scientific Meetings 

IN Seminar Program 
Organizers: Javier Morente
Date: Every Friday (disrupted during part of 2020 due to the COVID-19 
pandemic) Venue: Instituto de Neurociencias

Workshop: Neuroscience meets 3D Genome Biology 
Organizers: Ángel Barco and José López Atalaya
Date: 16 May de 2019 Venue: Instituto de Neurociencias

20th Aniversary of Instituto de Neurociencias
Organizer: Víctor Borrell
Date: 3-4 July 2019 Venue: Severo Ochoa Building, Campus de Sant Joan 
d’Alacant, UMH

AXON meeting: Circuits Development and Regeneration
Organizers: Alain Chedotal, Eloisa Herrera, Robert Hindges, Simon Hip-
penmeyer, Rudiger Klein, Guillermina López Bendito.
Date: 11-13 September 2019 Venue: Alicante

Workshop: Improving Openness in Animal Research in 
Spain
Organizer: Cristina Marquez
Date: 1 October 2019

European Developmental Biology Congress
Organizers: Ángela Nieto, Victor Borrell, Sergio Casas Tito, Pilar Cubas, 
Joan Galcerán, Leonor Saude, Miguel Torres
Date: 23-26 October 2019 Venue: Alicante

XVI Christmas Meeting
Organizer: Javier Morante
Date: 19-20 December 2019 Venue: Instituto de Neurociencias

1st IN Retreat
Organizer: OPINA group
Date: 17-18 2020 Venue: Pueblo Acantilado, Campello, Alicante

XVII Christmas Meeting
Organizer: Javier Morante
Date: 22 December 2020
Venue: Virtual meeting organized by the Instituto de Neurociencias
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PhD Theses

2020
Boix Rodríguez, Claudia Paula
Estudios de fragmentos solubles de la 
proteína precursora amilioide como bi-
omarcadores en la enfermedad del
Alzeimer.
Dr. Javier Sáez Valero
Dra. Inmaculada Belén López Font

Gers-Barlag, Katharina
Mechanisms	 of	 cold	 sensitivity	 in	
mouse vagal and trigeminal ganglio 
neurons: Functional and molecular 
characterization in healthy and neuro-
pathic conditions.
Dr. Féix Viana de la Iglesia

Giner De Gracia, Aida
Molecular	 mechanisms	 underlying	
Zic2-associated holoprosencephaly.
Dra.	Eloísa	Herrera	González	de	Molina

Marcotti, Aida
Modulación	del	canal	iónico	Trpa1	por	
la chaperona sigma 1: papel en la neu-
ropatía periférica inducida por oxalip-
latino.
Dr. Félix Viana de la Iglesia
Dra. Elvira de la Peña García

Muça, Gerald
The Role of the Zic2 Transcriptor Fac-
tor During Neural Crest Development.
Dra.	Eloísa	Herrera	González	de	Molina

Negueruela, Santiago
Activity-dependent	 refinement	 of	 the	
developing visual system. A compara-
tive study across retinal ganglion cell 
populations and target nuclei.
Dra.	Eloísa	Herrera	González	de	Molina
Dra.	Maria	Cruz	Morenilla	Palao

Ordas Fernández, Purificación
Caracterización de líneas transgénicas 
murinas para el canal iónico termo-
sensible	TRPM8:	Valoración	funcional,	
expresión	 extraganglionar	 e	 identifi-
cación de nuevas dianas de inervación.
Dr. Félix Viana de la Iglesia

Quirce Vázquez, Susana
Actividad de los nervios sensoriales de 
la	 córnea	durante	 la	 deficiencia	 lagri-
mal crónica y su modulación farma-
cológica.
Dra.	Juana	Gallar	Martínez
Mª	del	Carmen	Acosta	Boj

Villalba Requena, Ana
The role of the synaptic protein SV2B 
in embryonic development of the cer-
ebral cortex.
Dr. Víctor Borrell Franco

2019
Antón Bolaños, Noelia
Role of thalamic input in the develop-
ment of sensory cortical maps.
Dra. Guillermina López Bendito

Aracil Marco, Adolfo
Efecto	 de	 los	 neuropéptidos	 codifica-
dos en los genes Tac1 y Calca sobre 
la cicatrización de lesiones experimen-
tales del epitelio corneal.
Dra.	Juana	Gallar	Martínez
Dr.	Carlos	Belmonte	Martínez

Arcas Santos, Jose Miguel
The	cold-activated	TRPM8	channel:	ag-
onism by macrolide immunosuppres-
sants and modultaion by Gq 
protein-coupled receptors signaling 
pathways.
Dr. Félix Viana de la Iglesia
Dra. Ana Gomis García

Arora, Vineet
The Roles of GluK4 in amygdala and 
associated behaviours.
Dr. Juan Lerma Gómez

Fernández Albert, Jordi
Inmediate and deferred epigenomic 
signatures of in vivo neuronall activa-
tion in mouse hippocampus.
Dr. Angel Barco Guerrero

Lipinski, Michal
Role of CBP and P300 in the establish-
ment and maintance of transcriptional 
programs in adult excitatory neurons.
Dr. Angel Barco Guerrero
Dr.	José	P.	López-Atalaya	Martínez

Llinares Benadero, Cristina
Genetic alterations in cortical develop-
ment as a cause of epileptogenic dis-
orders.
Dr. Víctor Borrell Franco

López Madrona, Víctor José
Gamma Oscillations Drive the Phase of 
Theta Waves in the Hippocampus to 
Enhance Directed Functional Connec-
tivity	During	Memory	Processes.
Dr. Santiago Canals Gamoneda

Merino Suárez, María Luisa
Métodos	 Alternativos	 para	 el	 Diag-
nóstico de la Enfermedad de Ojo Seco: 
Termografía Corneal y Determinación 
del	Flujo	de	Secreción	Lagrimal	Refle-
ja	Mediante	Estimulación	Corneal	 con	
CO2.
Dra.	Juana	Gallar	Martínez
Dr. Carlos Belmonte

Ramón Cañellas, Pol
The Role of the Neuroepithelial-glial 
Niche in Drosophila Larval Neurogen-
esis: a Transcriptomic Analysis.
Dr.	Javier	Morante	Oria

Valbuena Alvarez, Sergio
Role of GRIK1 Triplication in Physio-
logical and Cognitive Phenotypes in a 
Mouse	Model	of	Down	Syndrome.
Dr. Juan Lerma Gómez
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