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It is my pleasure to present this report as a 
summary of the activities of the IIBM-CSIC/
UAM during the year 2023.
 Perhaps the most important event dur-
ing this period has been the official renewal 
of the Joint Institute Agreement between the 
CSIC and the Universidad Autónoma de Ma-
drid (UAM), which was pending given the diffi-
culties to match the administrative complexi-
ties that regulate the functional intricacies in 
each institution, and that have been happily 
solved. The renewal of the IIBM CSIC-UAM 
agreement provides a solid base to regulate 
and promote the collaborative efforts of all 
the personnel of the IIBM, regardless of the 
institution to which they belong (either CSIC 
or the Department of Biochemistry of the 
School of Medicine of the UAM), to function 
as a single joint institute, as has been the case 
since the initiation of the first collaborative 
CSIC-UAM agreement in 1988.
 The signing of the agreement has made 
it possible to officially implement important 
structural changes that were needed to give 
an impulse to the IIBM to adapt to the rapid-
ly changing challenges of modern Biomedical 

Welcome from
the director

research. Thus, the reorganization of research 
groups and the definition of new strategic re-
search lines allowed us to re-design the depart-
mental structure of the institute, eliminating 
three of the four departments that were sub-
stituted by others, reflecting more accurately 
our goal to continuously pursue excellent sci-
ence in Biomedical research. Specifically, we 
have reinforced our commitment to study the 
molecular mechanisms of disease from basic 
science to translational approaches, focusing 
primarily on cancer, rare diseases, metabolic 
diseases, immune response, cardiovascular 
pathologies and neurodegenerative diseases.
 Coinciding with these changes, we 
launched our new Web page to expand our 
visibility and reinforce our compromise to 
translate to the public and society at large all 
the information about our discoveries and 
the activities of the Institute.
 During 2023 we have seen how our insti-
tute has kept growing both in scientific outputs 
and in our capacity to raise competitive fund-
ing. In addition, new scientists have joined the 
IIBM through junior programs such as Ramón y 
Cajal and Talento de la Comunidad de Madrid 

or as staff scientists appointed by the CSIC or by 
the UAM. As I welcome them, I would also like 
to express my gratitude to the personnel who 
retired in 2023, recognizing their valuable con-
tribution to the activities of the IIBM for many 
years.
 My mandate as Director of the IIBM is due 
to finish in January 2024. It has been a privilege 
and an honor to serve the IIBM during these 
four years. I would like to thank all the people 
in the IIBM who helped me on this endeavor, 
and particularly two individuals without whose 
help my task as a director would have been a 
lot more complex. On the one hand, the IIBM 
Vice-director Aurora Sánchez, and on the other 
hand, the IIBM executive manager Isabel Oca-
ña, both of whom provided continuous support 
to handle many of the managerial issues en-
countered on a day-to-day basis. My extended 
gratitude as well to all the personnel in admin-
istration and to the staff of general and core 
services and maintenance, whose dedication is 
essential to keep the IIBM running. 

Mario Vallejo. Director, IIBM
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RESEARCH LINES:

Overview
Our laboratory is interested in understanding 
the molecular mechanisms underlying cellu-
lar transformation and their implications in 
the response to cancer therapy. To this end, 
we use a variety of approaches, including cell 
culture systems, animal models and human 
tumor samples. We employ advanced tech-
niques in molecular cellular biology, gene per-
turbation systems (CRISPR/CAS, shRNA, ect…) 
and omics-based approaches (RNA sequenc-
ing, whole-exome sequencing). Our overarch-
ing goal is to contribute to the improvement 
of current diagnostic methods and therapeu-
tic strategies.

Molecular basis of
chemo/radioresistance
Sanchez Prieto Ricardo, Belandia Gomez Our 
research group has a large trajectory focused 
in the study of the molecular bases of chemo- 
and radioresistance, beginning over 30 years 
ago with investigations into the chemo- and 
radiosensitivity associated with the E1a gene. 
In the last years we have concentrated our ef-
forts on understanding radioresistance and 
improving the efficacy of Radiotherapy. Radio-
therapy is one of the mainstays of cancer treat-
ment, benefiting over 50% of patients, and is 
in many cases the therapy of choice. However, 
radioresistance, whether intrinsic or acquired 

after exposure to ionising radiation, is a limit-
ing step in this type of treatment, contributing 
to relapses and leading to therapeutic failure 
on many occasions. We are currently gener-
ating radioresistant cell models developed by 
repeated exposure to radiation, simulating 
clinical scenarios leading to radioresistance. 
These models will be analysed using whole-ex-
ome sequencing (WES) and transcriptomic 
studies (RNA-seq). In parallel, we will employ 
genome-wide CRISPR/Cas9 screens to identi-
fy genes essential for the survival of radiore-
sistant cells These approaches aim to uncover 
novel biomarkers of radioresistance as well as 
new therapeutic vulnerabilities, with the ulti-
mate goal of achieving more personalized and 
effective cancer therapy in the context of radi-
oresistance. 
 In a second line of research, we are eval-
uating novel targeted therapies as radiosen-
sitizer agents. To this end we evaluate the 
response to ionizing radiation in different ex-
perimental models and study the DNA-dam-
age response as well as molecular targets 
implicated in the radiosensitizing potential 
of these antitumor agents. We use in silico, 
in vitro and in vivo studies combined with ra-
diobiology and “omic” analyses to unveil new 
radiosensitizing agents that facilitate more 
personalized radiotherapy.

Molecular Bases of Chemo
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Role of cell signalling in
sarcoma biology and therapy.
Sanchez Prieto Ricardo, Belandia Gomez  Borja. 
Sarcomas are a group of heterogeneous tu-
mors that develop from connective tissue, 
which provides a supportive matrix through-
out the body. More than 150 subtypes of 
sarcomas have been described. The tissues 
of origin can be fibrous, muscular, fatty, car-
tilaginous, osseous, blood vessels, lymphatic, 
etc., and sarcomas are therefore not limited 
to a specific location. The classification of sar-
comas divides them into soft tissue sarcomas 
(STS) and bone sarcomas (osteosarcomas). In 
addition, there is a third group, gastrointes-
tinal stromal tumours (GIST), which are soft 
tissue sarcomas that are considered a sepa-
rate group due to their unique diagnostic and 
therapeutic features. Sarcomas are rare in 
adults accounting for only 1% of all cancers; 
however, in children, they account for about 
15% of cancer cases. 
 Our  previous studies  showed that ERK5 
signalling pathway is a key player in sarcom-
agenesis triggered by the chemical carcino-
gen 3-methylcholanthrene (3MC) in murine 
models. Transcriptomic analysis (RNAseq) 
revealed over 500 differentially expressed 
genes in the absence of ERK5 that can po-
tentially justify the oncogenic nature of this 
pathway, as well as its implications in diag-
nosis and therapy. These genes are related 
to key biological processes for tumor biolo-

gy such as angiogenesis, motility, anchoring, 
genomic stability or transcriptional control, in 
which ERK5 has been implicated. In fact, we 
have been able to validate the role of some 
of them, such as KLF2, in tumorigenesis . Our 
main objective in this project is to establish 
human cellular models lacking ERK5 using 
interference techniques (CRISPRi, shRNA) 
and gene editing approaches (CRISPR/Cas9). 
These models will facilitate the identification 
of and ERK5-related gene signature based on 
transcriptomic profiling. In addition, this ap-
proach will also be carried out using specific 
chemical inhibitors of ERK5 in order to distin-
guish between genes regulated by its kinase 
activity and those regulated independently 
of this activity. This analysis aims to identify 
potential therapeutic targets for future phar-
macological intervention. The identified gene 
signature will be validated in the context of 
tumor biology, diagnosis and therapeutic 
response including chemo-, radio- and im-
munotherapy. Subsequently, the differential 
expression of the different candidate genes 
will be evaluated in human sarcoma biopsies. 
Achieving these objectives will enable the 
identification of novel biomarkers and ther-
apeutic targets, advancing the development 
of personalized diagnostic and therapeutic 
strategies for sarcomas—a group of tumors 
that remain poorly studied and understood.

PUBLICATIONS:

Diaz de Greñu, B;  Fernández-Aroca, DM; Organero, JA; Durá ,G; Jalón, FA; 
Sánchez-Prieto, R; Ruiz-Hidalgo, MJ; Rodríguez ,AM; Santos, L; Albasanz,  
JL; Manzano, BR;. Ferrozoles: Ferrocenyl derivatives of letrozole with dual 
effects as potent aromatase inhibitors and cytostatic agents. J Biol Inorg 
Chem. 2023, Sep;28(6), 531-547. DOI: 10.1007/s00775-023-02006-0.

Fernández-Aroca, DM; García-Flores, N; Frost, S; Jiménez-Suárez ,J; Rodrí-
guez-González, A; Fernández-Aroca, P; Sabater ,S; Andrés; I,; Garnés-Gar-
cía, C; Belandia, B; Cimas ,FJ; Villar, D; Ruiz-Hidalgo; MJ; Sánchez-Prieto R. 
MAPK11 (p38β) is a major determinant of cellular radiosensitivity by contro-
lling ionizing radiation-associated senescence: An in vitro study. Clin Transl 
Radiat Oncol. 2023, Jun 2;41:100649. DOI: 10.1016/j.ctro.2023.100649.

Sánchez-Fdez, A; Matilla-Almazán, S; Del Carmen, S; Abad, M; Arcona-
da-Luque, E; Jiménez-Suárez,J; Chinchilla-Tábora, LM; Ruíz-Hidalgo, MJ; 
Sánchez-Prieto, R; Pandiella, A;  Esparís-Ogando, A. Etiopathogenic role of 
ERK5 signaling in sarcoma: prognostic and therapeutic implications. Exp 
Mol Med. 2023 Jun;55(6):1247-1257. DOI: 10.1038/s12276-023-01008-x
 
Jimenez-Garcia, IE; Sabater, S; Martinez-Gutierrez, R; Sanchez-Galiano, P; 
Berenguer-Serrano, R; Castro-Larefors, S; Rey-Lopez, I; Ruiz-Herrero, B; 
Sánchez-Prieto, R; Rovirosa, A; Arenas, M; Gonzalez-Suarez, HA. LDR bra-
chytherapy offers superior tumor control to single-fraction HDR prosta-
te brachytherapy: A prospective study. Prostate. 2023 Aug;83(11):1068-
1075. DOI: 10.1002/pros.24548. 

García-Flores, N; Jiménez-Suárez, J; Garnés-García, C; Fernández-Aroca, 
DM; Sabater, S; Andrés, I; Fernández-Aramburo, A; Ruiz-Hidalgo, MJ; 
Belandia, B; Sanchez-Prieto, R; Cimas, FJ. P38 MAPK and Radiotherapy: 
Foes or Friends? Cancers (Basel). 2023 Jan 30;15(3):861. DOI:10.3390/
cancers15030861.
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DOCTORAL THESES AND OTHER WORKS:

Elena Arconada Luque
“Ph,D Thesis: ERK5 pathway is a determinant in 3-METHYLCHOLANTHRE-
NE- induced sarcoma’” Universidad de Castilla-La Mancha.
Medicina.  2023. Supervisor Ricardo Sanchez Prieto / Maria Jose Ruiz 
Hidalgo, Grade:  Sobresaliente cum laude. 

Alba Garcia Ferrer
“Master´s thesis: Dinaciclib induces a TP53-associated senescence-de-
pendent radiosensitising effect: implications for lung carcinoma therapy”. 
Universidad de Castilla la Mancha. 2023.
Medicina. Supervisor/s: Ricardo Sanchez Prieto. Grade: 8,9/19.

David Morcillo Corominas
“Final degree’s project: Study of the prognostic value of mapk7/erk5 in can-
cer by in silico analysis”. Universidad de Castilla la Mancha. 2023.
Medicina. Supervisor/s: Ricardo Sanchez Prieto. Grade 9.7/10.

FUNDING

“Estudio de nuevos genes dependientes de la ruta erk5 en patología 
sarcomatoide: implicaciones en biología tumoral y terapia.PID2021-
122222OB-I00”. Agencia Estatal de Investigación. 2022-2025.  

“Campaña de micro mecenazgo “IRRADIANDO Esperanza”. 2022-2026. 

“Renovación papel de la señalización intracelular mediada por proteínas 
quinasas en los fenómenos de quimio y radio resistencia”.
Fundación Leticia Castillejo. 2021-2023

“Papel de la señalización celular mediada por MAPK en infecciones por 
patógenos emergentes “.
Universidad de Castilla la Mancha. 2023-2025. 

“Bases moleculares de la radiorresistencia”. Research Contracts, as PI, 
with the Association ACEPAIN.  2021-2024 

“Nuevos determinantes de radiorresistencia” Research Contracts, as 
PI, with the Association Taller solidario Árbol de la vida las Pedro-
ñeras 2023-2025

“Nuevos determinantes de radiorresistencia” Research Contracts, as PI, 
with the Association Comarcal contra el cancer de Motilla del Palancar. 
2023-2025
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RESEARCH LINES:

We are a computational biology group that 
focuses mainly on evolutionary models of 
cancer. Specifically, most of our work is cen-
tered on trying to infer the sequence of driver 
genetic events and predict tumor evolution 
using computational models of cancer pro-
gression using cross-sectional data. We try to 
understand the kinds of statistical inferences 
we can perform from this data with a family 
of methods often called “cancer progression 
models” (most of them related to probabilis-
tic graphical models). The main questions we 
try to address are: a) the effects of different 
evolutionary and sampling scenarios (e.g., 
different evolutionary regimes, whole-tumor 
vs. single-cell sampling) on the performance 
of these methods; b) whether these types of 
methods can be used to estimate tumor pre-
dictability and to make predictions about 
tumor evolution (both overall evolutionary 

paths and conditional predictions of next 
stages conditioned on the current observa-
tion); c) whether these methods could guide 
the choice of therapeutic targets and the ap-
plication of adaptive therapy. As part of this 
work, we devote considerable effort to soft-
ware implementation; in particular, forward 
genetic simulation of clonal evolution (which 
is crucial for the assessment of the statistical 
performance of the methods studies), and 
the development of unified interfaces for the 
analysis of cross-sectional data with cancer 
progression models (essential both to com-
pare different methods and to allow other re-
searchers to use state-of-the art approaches).
 In addition to the above main research 
line, we also work on other problems in com-
putational biology and bioinformatics, in 
particular the use of statistical methods for 
high-dimensional problems.

PUBLICATIONS:

Diaz-Colunga, J.; Skwara, A.; Gowda, K.; Diaz-Uriarte, R.; Tikhonov, 
M.; Bajic, D.; Sanchez, A. Global epistasis on fitness landscapes.  Phil. 
Trans. Roc. Soc. B. 2023, 378 (1877), 20220053. https://doi.org/10.1098/
rstb.2022.0053.
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UNDERGRADUATE STUDENT
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KEYWORDS
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DOCTORAL THESES AND OTHER WORKS:

David Fontaneda Arenas
“Final degree’s project: An agent-based model of tumor growth to predict 
adaptive therapy success”. Universidad Autónoma de Madrid. Medicina. 
2023. Supervisor/s: Ramón Díaz Uriarte. 

Laurentiu Mihai Adetu
“Final degree’s project: Modelos evolutivos en cáncer: mejoras y exten-
siones a web apps interactivas. Automatización de pruebas con Selenium 
WebDriver”. Universidad Autónoma de Madrid. Escuela Politécnica Su-
perior. 2023. Supervisor/s: Ramón Díaz Uriarte. 

Sergio García-Vaquero
“Final degree’s project. Interfaz de Usuario para ejecución de simula-
ciones tumorales”. Universidad Autónoma de Madrid. Escuela Politéc-
nica Superior. 2023. Supervisor/s: Ramón Díaz Uriarte. 
 

FUNDING

“Terapia antitumoral adaptativa usando datos transversales y predic-
ciones de modelos de progresión tumoral . PID2019-111256RB-I00”. AEI.  
2019-2024.

Bioinformatics and Computational
Biology of Cancer Evolution
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RESEARCH LINES:

Overview
Our group studies human colon cancer, which 
is the most frequent malignancy in Spain and 
a major neoplasia in terms of incidence and 
mortality worldwide. We use primary cultures 
of fibroblasts and stem cell-derived organoids 
established from healthy and tumor tissue of 
colon cancer patients to characterize the an-
titumor action of vitamin D and several drugs 
in this neoplasia. We also study the contribu-
tion of cancer-associated fibroblasts and oth-
er cell types of the tumor microenvironment 
to this disease.
 Currently, there is an increase in cases of 
colon cancer in individuals under 50 years of 
age (early-onset colorectal cancer). The rea-
sons for this rise remain unknown and studies 
conducted so far are limited, failing to identify 
the molecular characteristics that differentiate 
these tumors from those developed in older 
individuals. We are establishing organoids and 
fibroblast cultures from these patients to per-
form comparative analyses (gene expression 
patterns, pro-tumor properties, vitamin D and 
drug response) with those obtained from old-
er patients aiming to improve the comprehen-
sion of this clinical entity.
 The concept of precision/personalized 
medicine is a hot topic today. Regarding this, 
our studies using patient-derived organoids 
and fibroblasts are cutting-edge. We expect 
that they will contribute to the implementa-

tion of these primary culture systems in the 
clinic to improve the handling of the patients 
on the basis of the response of their own orga-
noids and fibroblasts to available treatments.
 Our group is affiliated to the Instituto de 
Investigación Sanitaria del Hospital Universi-
tario La Paz (IdiPAZ), CIBER de Cáncer (CIBER-
ONC) and Conexión Cáncer CSIC.

Effects of vitamin D and several
antitumor drugs on patient-derived
colon organoids
We study the effects of vitamin D on the gene 
expression, proliferation, and phenotype of 
patient-derived colon normal and tumor or-
ganoids. Organoids are 3D-structures gen-
erated by normal or tumor stem cells that 
are more similar to the tissue-of-origin and 
reproduce the in vivo situation better than 
2D-cultures of established cell lines.
 We are focused on the analysis of the 
effect of the active vitamin D metabolite 
1,25-dihydroxyvitamin D3 (calcitriol) on gene 
expression in organoids, aiming at the iden-
tification and study of calcitriol target genes. 
In addition, we wish to elucidate the effects 
of calcitriol on cell phenotype and differenti-
ation in colon organoids. Thus, we have es-
tablished the protocols to differentiate the 
epithelial stem cells present in human colon 
healthy tissue-derived organoids towards 

Colon Cancer: Organoids,
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the main differentiated colon epithelial cell 
lineages (absorptive and mucosecretory). 
In these conditions, our data indicate that 
calcitriol favors the maintenance of the 
stem phenotype by attenuating the induc-
tion of cell differentiation.
 With the aim of contributing to the pro-
gress of precision/personalized medicine 
and to highlight the potential of organoids 
for anticancer drug testing, we study the re-
sponse of organoids to several antitumor 
drugs currently used for the treatment of 
colon cancer patients and to other drugs in 
development.

Effects of vitamin D on colon
cancer-associated fibroblasts
and other cell types of the tumor
microenvironment
The tumor microenvironment is crucial for 
cancer initiation and progression and is in-
volved in tumor relapse and therapeutic re-
sistance. Accordingly, the worst prognosis 
colon cancer consensus molecular subtype 
is characterized by high stromal infiltration. 
Cancer-associated fibroblasts are the main 
cellular component of the tumor microenvi-
ronment and play a crucial role in colon tum-
origenesis.
 Our work in this area is focused on the 
identification and study of calcitriol target 
genes in primary normal and tumor fibro-
blasts isolated from colon cancer patients, 

and in the in-depth characterization of cal-
citriol phenotypic and metabolic effects in 
these cells. We are also investigating: (i) the 
role of colon fibroblasts on the mechanisms 
of resistance to antitumor drugs that carci-
noma cells frequently develop; (ii) the par-
acrine communication among fibroblasts, 
carcinoma cells and other tumor stromal 
components such as macrophages; and (iii) 
the hypothetical regulation of these process-
es by calcitriol. 

Collaborations
We actively collaborate with numerous col-
leagues from different national and inter-
national scientific institutions. As experts in 
vitamin D we have participated in collabora-
tive efforts that lead to identify the epigenetic 
regulator SIRT1 as a vitamin D target gene in 
colon cancer and to characterize the mech-
anism responsible for the beneficial effects 
of vitamin D in pulmonary hypertension. We 
have also contributed to describe that an an-
tibody-drug conjugate that targets the amino 
acid transporter subunit CD98hc has antitu-
mor effects in colon cancer by analyzing its 
activity in colon organoids.

PUBLICATIONS:

Prieto, I.; Barbáchano, A.; Rodríguez-Salas, N.; Viñal, D.; Cortés-Guiral, 
D.; Muñoz, A.; Fernández-Barral, A. Tailored chemotherapy for colorec-
tal cancer peritoneal metastases based on a drug-screening platform 
in patient-derived organoids: a case report. J. Gastrointest. Oncol. 2023, 
14(1), 442-449. DOI: 10.21037/jgo-22-599.

Martínez-Pérez, D.; Viñal, D.; Peña-López, J.; Jiménez-Bou, D.; 
Ruiz-Gutiérrez, I.; Martínez-Recio, S.; Alameda-Guijarro, M.; Rueda-Lara, 
A.; Martín-Montalvo, G.; Ghanem, I.; Custodio, A.B.; Trilla-Fuertes, L.; 
Gámez-Pozo, A.; Barbáchano, A.; Rodríguez-Cobos, J.; Bustamante-Ma-
drid, P.; Fernández-Barral, A.; Burgos, A.; Prieto-Nieto, M.I.; Pastrian, 
L.G.; González-Sancho, J.M.; Muñoz, A.; Feliu, J.; Rodríguez-Salas N. Clini-
co-pathological features, outcomes and impacts of COVID-19 pandemic 
on patients with early-onset colorectal cancer: A single-institution expe-
rience. Cancers. 2023, 15(17), 4242. DOI: 10.3390/cancers15174242.

García-Martínez, J.M.; Chocarro-Calvo, A.; Martínez-Useros, J.; Fernán-
dez-Aceñero, M.J.; Fiuza, M.C.; Cáceres-Rentero, J.: De la Vieja, A.; Bar-
báchano, A.; Muñoz, A.; Larriba, M.J.; García-Jiménez, C. Vitamin D in-
duces SIRT1 activation through K610 deacetylation in colon cancer. 
eLife. 2023, 12, RP86913. DOI: 10.7554/eLife.86913

Olivencia, M.A.; Villegas-Esguevillas, M.; Sancho, M.; Barreira, B.; Pater-
noster, E.; Adão, R.; Larriba, M.J.; Cogolludo, A.; Pérez-Vizcaino, F. Vita-
min D receptor deficiency upregulates pulmonary artery Kv7 channel 
activity. Int. J. Mol. Sci. 2023, 24(15), 12350. 10.3390/ijms241512350.

Montero, J.C.; Del Carmen, S.; Abad, M.; Sayagués, J.M.; Barbáchano, A.; 
Fernández-Barral, A.; Muñoz, A.; Pandiella, A. An amino acid transport-
er subunit as an antibody-drug conjugate target in colorectal cancer. 
J. Exp. Clin. Cancer Res. 2023, 42(1), 200. 10.1186/s13046-023-02784-0.
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Martínez, N.; Gragera, T.; de Lucas, M.P.; Cámara, A.B.; Ballester, 
A.; Anta, B.; Fernández-Medarde, A.; López-Briones, T.; Ortega, J.; 
Peña-Jiménez, D.; Barbáchano, A.; Montero-Calle, A.; Cordero, V.; 
Barderas, R.; Iglesias, T.; Yunta, M.; Oliva, J.L.; Muñoz, A.; Santos, E.; 
Zarich, N.; Rojas-Cabañeros, J.M. PKD phosphorylation and COP9/Sig-
nalosome modulate intracellular Spry2 protein stability. Oncogenesis 
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RESEARCH LINES:

Overview
Cancer stem cells (CSCs), also known as tu-
mor-initiating cells or tumor-propagating 
cells, constitute a biologically unique subset 
of stem-like cells within the bulk tumor cell 
population. These cells are believed to be im-
portant in metastasis and chemoresistance, 
and they are hypothesized to be key drivers 
of the multistep process of oncogenesis, giv-
ing rise to the clonogenic core of tumor tis-
sues. In the Sainz laboratory, we study CSCs 
in the context of pancreatic ductal adenocar-
cinoma (PDAC), the 4th leading cause of can-
cer related deaths in developed countries. We 
are running a combined basic and translation 
research program, which synergistically com-
bines studies on the biology of mouse and 
human CSCs, including their in vivo microen-
vironment, in order to enhance our under-
standing of the regulatory machinery of CSCs
 
Cancer Stem Cell Biomarkers
Researchers involved: Alcala, S;
Navarro, D; López, JC.  
Our first main research line involves the iden-
tification and characterization of new bio-
markers for the detection of CSCs from dif-
ferent solid tumors. In 2014 we discovered 
a new inherent biomarker present in CSCs 
across several solid tumors. This biomarker, 
known as autofluorescence, is the result of 
riboflavin accumulation in ABCG2-coated in-

tracellular vesicles exclusively found in CSCs. 
Since then, we have used autofluorescence 
(and other newly discovered CSC markers) as 
a means of isolating CSCs for in depth biolog-
ical and molecular characterization studies. 
Along these lines, we have used autofluores-
cence to determine the percentage of CSCs 
in resected colorectal tumors and correlate 
these findings with disease relapse at 5 years 
post-surgery. We have also discovered new 
CSC biomarkers that identify CSCs with im-
mune-evasive properties, such as the Pepti-
doglycan recognition protein 1 (PGLYRP1).
 
Dissecting Cancer Stem Cell Biology
Researchers involved: Alcala, S; Palencia, A;
Navarro, D; López, JC; Ruiz, L; Batres, S.
Our second main research line focuses on the 
identification of proteins that govern key CSC 
phenotypes, such as “stemness”, epithelial 
to mesenchymal transition (EMT), oxidative 
phosphorylation (i.e.; mitochondrial respira-
tion) and chemoresistance. By identifying the 
proteins that mediate these pathways, we 
can therapeutically target them and test their 
potential clinical efficacy in advanced murine 
models of pancreatic cancer (e.g.; patient-de-
rived xenografts). We have discovered that 
the Interferon Stimulated Gene 15 (ISG15) is 
not only up-regulated in CSCs, but its function 
as a Ubiquitin-like modifier is necessary for 
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many CSCs biological processes, such as met-
abolic plasticity. In addition, we can enrich for 
CSCs by changing their carbon source (galac-
tose versus glucose), allowing us to study key 
features such as immune evasion. Using a 
ruthenium-based compound, we can target 
CSC mitochondrial respiration, reducing tu-
mor growth in vivo. Lastly, we are studying 
how polyploidy giant cancer cells (PGCCs), 
CSCs and senescent cells overlap, share sim-
ilar properties, and can be targeted in a se-
quential and orchestrated manner to reduce 
tumor growth.
 
The Tumor Microenvironment
Researchers involved: Alcala, S; Palencia, A;
Navarro, D; López, JC; Ruiz, L; Batres, S.
Within our third main research line, we want 
to comprehensively understand the cellular 
make-up of the CSC niche and the larger more 
complex tumor microenvironment, specifical-
ly the role of tumor-associated macrophag-
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es (TAMs) in “activating” CSCs, with respect 
to the different environmental proteins they 
can secrete (e.g.; OSM, ISG15) in response to 
cues from the tumor and how these proteins 
alter the function of the CSCs at the level of 
EMT and chemoresistance and the TME (e.g.; 
LOXL2). Likewise, we interested in how CSCs 
evade the immune system, by either favoring 
a pro-tumor environment enriched in TAMs, 
or by avoiding immune detection via the ex-
pression of immune evasion proteins such as 
PGLYRP1.
 
Patient-derived Xenografts
Researchers involved: Ruiz, L; Batres, S.; Alcala, S.
As our fourth main research line, we want 
to establish of one of the largest Biobanks 
in Spain of Patient-derived PDAC xenografts 
for in vivo pre-clinical studes and CSC-spe-
cific analyses. This tremendous effort is be-
ing achieved with collaborations with across 
Spanish hospitals and their respective bio-
banks.
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RESEARCH LINES:

Overview
The main interest of the Cell Cycle & Cancer 
Biomarkers laboratory (CCCB) is to under-
stand and define oncogenic mechanisms of 
cell cycle regulators with the ultimate goal of 
translating this knowledge to the clinic.
 One of the main hallmarks of tumoral 
cells is their limitless proliferation capacity. 
Deregulation of cell division is a common fea-
ture in multiple types of tumors. Tumor cells 
cancel the checkpoint mechanisms of the cell 
cycle, resulting in the accumulation of genet-
ic aberrations and Chromosomal Instability 
(CIN), providing cancer cells with increased 
genetic plasticity and adaptation capacity. The 
more aggressive a tumoral cell is, the more 
expression of cell cycle-related genes, which 
correlates with increased genomic instabil-
ity. Indeed, aberrant expression of cell cycle 
and cell division genes often correlates with 
tumoral poor prognosis. Paradoxically, in cer-
tain animal tumor models, elevated CIN nega-
tively influences organism fitness, and is poor-
ly tolerated by cancer cells, conferring a good 
prognosis to the patients. Such an opposing 
relationship suggests that there may be an 
optimal level of CIN for tumor progression 
and that cells need to compensate for highly 
deleterious CIN through genetic adaptations.
 We are using cell cycle regulators and 
CIN-related genes, as biomarkers for cancer 
therapy, with the goal to find new therapeu-

tic opportunities. Concomitantly, this will 
provide us the possibility to understand the 
mechanisms by which those cell cycle regu-
lators modulate the oncogenic status of tu-
moral cells.
 Finally, we are also interested in determin-
ing the physiological role of cell cycle genes that 
serve as therapeutic targets in cancer, with the 
intention of defining possible biological side ef-
fects of drugs related to the cell cycle.

Chromosomal Instability (CIN) genes as bi-
omarkers for cancer therapy.
Researchers Involved: Sanz, Natalia; Monfort, 
Ana; Bertinetti, Cristina.
 Cell division and CIN genes are often over-
expressed in tumors, and this commonly con-
fers poor prognosis to the patients. We want 
to evaluate if the expression of CIN genes can 
predict sensitivity to different pharmacologic 
drugs. For this, we have a collaboration with the 
pharma company Lilly (SPAIN), where we have 
screened a drug library against breast cancer 
cells that overexpress CIN-related genes.
 We have discovered that overexpression 
of the gene TPX2, which is well-known to be di-
rectly related to CIN, renders sensitivity to the 
drug Dasatinib in breast cancer cell lines, due 
to the activation of the YAP/TAZ transcriptional 
signaling. We further explored the TPX2-YAP/
TAZ signaling axis in breast cancer-derived 
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samples, observing that tumors expressing 
high TPX2 levels, and showing YAP activation, 
are more aggressive. Our data open a new 
therapeutic opportunity for aggressive breast 
cancer CIN tumors, using Dasatinib, which is a 
drug already in the clinical setting of leukemia 
subtypes. This work is a great example of a 
collaborative network between an academic 
laboratory (CSIC), a pharma company (Eli Lil-
ly), and the MD Anderson Hospital (Madrid).

Identification of Resistance Mechanisms 
associated with Cell Cycle Drugs.
Researchers involved: Monfort, Ana; Sanz, Nata-
lia; Ballesteros, Sandra; Cambón, Aitana; Escri-
bano, María.
 A recurring problem with kinase inhib-
itor therapies is the emergence of drug 
resistance mechanisms and the conse-
quent loss of efficacy over time. With the 
recent emergence of a new generation of 
anti-cancer drugs, the need to identify new 
resistance mechanisms has increased sig-
nificantly.
 To this end, we have created a platform 
for genome-wide genetic screens using CRIS-
PR-Cas9 technology in breast cancer cell lines. 
In addition, we also use in silico databases of 
drug response and genetic variation (Can-
cerxgene.org and DepMap portal) to identify 
potential correlations for further experimen-
tal validation in the laboratory.
Mitotic Regulators: Oncogenes

define the associated toxicities and physi-
ological effects to better understand the 
use of these cell cycle-targeting drugs. On 
the other hand, the endothelium is a poorly 
proliferative tissue and therefore anti-cell 
cycle drugs should not have a major impact 
on endothelial biology. However, during tis-
sue regeneration and tumor growth, there 
is a need for new blood vessels (angiogene-
sis) to provide oxygen and nutrients to the 
new tissue. Therefore, understanding the 
physiological impact of these new drugs 
on endothelial homeostasis and vascular 
physiology may reveal new mechanisms of 
toxicity and consequently new biomarkers 
to define the right treatment for the right 
patient. In summary, how mitotic and cell 
cycle genes interfere with endothelial phys-
iology is, to date, completely unknown, and 
may open new avenues to understand the 
process of angiogenesis, and subsequent-
ly find new and better therapeutic oppor-
tunities. To address this question we have 
generated a genetically engineered mouse 
model (GEMM) for specifically depleting the 
mitotic gene PLK1 in the mouse endothelial 
cells, and also work with mouse stem cells 
to simulate angiogenesis in vitro and deter-
mine the effect of cell cycle inhibition.

or Tumor Suppressors?
Researchers involved: Sanz, Natalia; Marcos, 
Guillermo; Escribano, María.
 An interesting feature of cell division 
genes is that they are often overexpressed 
in cancer, and this confers poor prognosis to 
the patients. This is typically symbolized by 
the master mitotic regulator Plk1 (Polo-Like 
Kinase 1). Plk1 has been considered an on-
cogene for decades. Surprisingly, in recent 
years, solid data emerged indicating that 
Plk1 can also have a role as a tumor suppres-
sor. The logical and immediate question that 
then arises is: When can Plk1 act as a tumor 
suppressor or as an oncogene? To this end, 
we have been able to transform primary fi-
broblasts in the presence of high Plk1 levels, 
being Plk1-tolerant cells. These transformed 
cells are the biological base to find the ge-
netic determinants that overcome the tumor 
suppressor barrier. We also have generated 
the genetically engineered mouse models 
(GEMMs) that will serve as a physiological 
platform to test our hypothesis.

The physiological role of the mitotic gene
PLK1 in endothelial homeostasis
Researchers involved: González, María
 Strategies targeting the cell cycle have 
been successful in cancer treatment, and 
many drugs targeting cell cycle genes are 
currently in the clinic or in advanced clin-
ical trials. However, there is still a need to 
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RESEARCH LINES:

Overview
Cell migration and invasion are essential pro-
cesses in physiology (development, immune 
system function, wound healing, angiogenesis) 
and also in pathologies such as cancer. Some 
tumour cells are able to move away from the 
primary tumour mass, invade into surround-
ing tissue, intravasate into the vasculature and 
eventually colonize other organ(s), developing 
new tumours (metastases).
 Rho GTPase signalling controls the cell cy-
toskeleton through regulation of actin polym-
erization and actomyosin contractility; both 
machineries are essential for cell movement to 
take place. Non-muscle Myosin II (NMII here-
after) is a holoenzyme with actin cross-linking 
and contractile properties. NMII activity is con-
trolled by several kinases. In particular, Rho-ki-
nase (ROCK) promotes phosphorylation of 
myosin light chain (p-MLC2) that activates the 
NMII complex, which drives contractile forces 
required for migration, invasion and metasta-
sis. Importantly, high NMII activity (p-MLC2) is 
found in the invasive edge of cutaneous mel-
anomas, suggesting that these cells with high 
NMII activity are the ones that will most like-
ly disseminate and eventually metastasise. 
Therefore, efforts should be focused on tar-
geting them by blocking NMII activity.
 Cutaneous melanoma is a highly aggres-
sive and metastatic skin cancer with poor 
prognosis if diagnosed late. Cutaneous mel-
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anomas arise from melanocytes, which are 
cells responsible for producing the pigment 
melanin in the skin. Most melanomas carry 
mutations in the mitogen activated protein 
kinase (MAPK) pathway (RAS-BRAF-MEK-ERK), 
in particular in BRAF (BRAFV600E being the 
most common, 50% patients) and RAS (20% 
patients). Mutant BRAF constitutively acti-
vates ERK signalling that drives cancer cell 
proliferation and tumour progression. Tar-
geted therapies using BRAFV600E inhibitors 
(BRAFi) and also in combination with MEK in-
hibitors increase survival of BRAFV600E mel-
anoma patients. Unfortunately, responses 
are temporary and patients relapse due to 
acquired drug resistance in less than a year.
 Importantly, resistance to MAPKi in mela-
noma involves extensive cytoskeletal remod-
eling and NMII hyperactivation. This renders 
MAPKi-resistant cells very dependent on 
NMII for their survival, thus NMII inhibition 
using ROCK inhibitors overcomes resistance 
to MAPKi in vitro and in vivo. Importantly, 
ROCK-NMII also contributes to resistance to 
immune checkpoint inhibitors by establishing 
an immunosuppressive microenvironment.
 The aim of the Group is to understand 
how the cytoskeleton, in particular NMII, is 
regulated during cancer progression, espe-
cially in cutaneous melanoma. The elucida-
tion of these mechanisms of regulation could 
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yield potential actionable targets. Important-
ly, these findings could also be translated to 
other mutant MAPK-driven cancers (thyroid, 
lung, pancreatic, colorectal, ovarian, etc.) and 
also in fibrosis-related diseases that curse 
with aberrant contractility.

Regulation of NMII during melanoma
progression
Researchers involved: Durán, M.; Sánchez, L.; Orgaz, J.
This research line is focused on studying how 
NMII is regulated during transformation and 
malignant progression of normal melano-
cytes towards melanoma, and also within dif-
ferent melanoma phenotypes.

Regulation of NMII during adaptation
to anti-MAPK therapies
Researchers involved: García, A.; Orgaz, J.
In this research line we are investigating how 
NMII is regulated during adaptation and later 
during resistance to MAPK-targeted therapy.
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RESEARCH LINES:

Overview
In recent years, our work has focused on 
identifying new genes involved in thyroid 
cancer and functionally evaluating their role 
in tumor progression. The main idea is unrav-
eling the main molecular events that lead to 
the transformation of the normal thyroid fol-
licular cells into an invasive thyroid carcino-
ma. Thyroid differentiation is characterized 
by the presence of iodide metabolizing genes 
required for thyroid hormone biosynthesis. 
Expression of these genes is essential for 
beneficial radioiodine treatment of thyroid 
tumors. However, some tumors progress to 
radioiodine-refractory metastatic disease due 
to loss of differentiation. Currently, the com-
prehension of how genetic alterations and 
impaired pathways induce the loss of thyroid 
differentiation and metastasis formation is a 
hot topic that remains unresolved. 
 The main mutations in thyroid cancer are 
in BRAF, RAS and RET/PTC genes, that lead to 
aberrant MAPK activation, driving progres-
sion through a process of dedifferentiation. 
However, although significant, these advanc-
es have not yet allowed definitive translation 
to the clinic of curative therapies or reliable 
diagnostic markers. It is now increasingly 
clear that this loss of differentiation is a mul-
tifactorial process in which a multiplicity of 
mechanisms are ultimately responsible for 

tumor progression concomitant with a loss of 
differentiation.
 Our main goal has been to study new 
diagnostic and therapeutic targets for meta-
static thyroid cancer by studying, in an inte-
grative and technically innovative manner, a 
variety of new genes and mechanisms.
 In the 2021 and 2022 memoire, all new-
ly identified emerging genes and their role in 
thyroid differentiation were described. Here, 
we will explain the advance in a couple of 
genes and mechanisms important both for 
thyroid differentiation and for thyroid pro-
gression.

1. Role of the Trancription factor GLIS3
in thyroid differentiation
Santisteban, Pilar.
In the course of our studies, we identified a 
new transcription factor, GLIS3, which con-
trols thyroid differentiation, which it is able 
to bind to the promoters of thyroid differen-
tiation genes (Thyroglobulin (Tg), and Sodium 
Iodide Symporter (NIS)). We have shown that 
this factor is important in another thyroid pa-
thology, congenital hypothyroidism. Future 
studies will be aimed at studying the role of 
GLIS3 in thyroid cancer. 



2. New insights into the role of IQGAP
scaffolding proteins 1 and 2
in MAPK signaling, 
Zaballos, Miguel A; Carrasco-López, Carlos;
Makiadi, Jennifer; Santisteban, Pilar.
These scaffold proteins IQGAP serve as di-
merization platforms in which ERK dimers 
are assembled. As the MAPK signaling plays a 
critical role in thyroid cancer, we have studied 
what function do these scaffolding proteins 
in thyroid cancer. Using public databases, we 
have confirmed that IQGAP1 expression is 
higher in thyroid tumors than in healthy tis-
sue and it is associated with BRAF mutations 
and with tumors aggressively. On the other 
hand, IQGAP2 expression is lower in BRAF tu-
mors and its decrease is associated with an 
increase in tumor malignancy. Since these 
scaffolding proteins are involved in multiple 
signaling pathways, we have analyzed them, 
and have observed that both IQGAP1 silenc-
ing and IQGAP2 overexpression despite not 
preventing ERK phosphorylation, produces a 
reduction in the levels of active RSK (p90-ribo-
somal subunit kinase). RSK is the main cyto-
plasmic effector of MAPK signaling, involved 
in cell proliferation, migration and invasion.
 Our work would suggest that IQGAP1 and 
IQGAP2 play different roles in the pathogen-
esis of thyroid cancer, as IQGAP1 acts as an 
oncogenic protein while IQGAP2 has a tumor 
suppressor activity.
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PUBLICATIONS

Acuña-Ruiz, A.; Carrasco-López, C.; Santisteban, P. Genomic and epig-
enomic profile of thyroid cancer. Best Pract Res Clin Endocrinol Metab. 
2023, 37 (1),101656. DOI.10.1016/j.beem.2022.101656

Kang, H.S.; Sara. A.; Grimm, S.A.; Jothi R, Santisteban, P.; Jetten, A.M. 
GLIS3 regulates transcription of thyroid hormone biosynthetic genes 
in coordination with other thyroid transcription factors. Cell Biosci. 
2023, 13(1),32 DOI 10.1186/s13578-023-00979-8

DOCTORAL THESES AND OTHER WORKS

Carlos Carrasco López
“Ph.D. thesis: Role of the scaffolding proteins IQGAP1 and IQGAP2 in thy-
roid cancer”. Universidad Autónoma de Madrid. Medicina. 2023. Super-
visors: Pilar Santisteban and Miguel A. Zaballos. Calificación: Sobresa-
liente Cum Laude.

FUNDING

“Análisis molecular integral para el estudio de la diferenciación en el cán-
cer de tiroides” MICINN. 2020-2024

“Estudio de la heterogeneidad celular y del entorno inmunológico en las 
patologías tiroideas: cáncer y enfermedad autoinmune”. Programa de 
Biomedicina Comunidad de Madrid 2023-2022 
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RESEARCH LINES:

I lead the Chromosomal Instability and 
Tumorigenesis research group at the IIBM 
Sols-Morreale CSIC-UAM, a multidisciplinary 
team integrating the Department of Bio-
chemistry and the Department of Inorganic 
Chemistry at UAM. Additionally, I am a Princi-
pal Investigator at IRYCIS within the biomark-
ers and Personalized Approach to Cancer 
Group (BioPAC). My involvement in these in-
stitutions provides a broad perspective, com-
bining basic science with translational and 
clinically oriented research.

My research focuses on two fundamental
aspects of cancer biology:
1. Cellular response mechanisms 

to therapy.
2. Identification of biomarkers related to 

tumorigenesis and therapy response.

Research Focus: Gastric Cancer (GC)
Gastric cancer, the fifth most diagnosed and 
third deadliest cancer worldwide, is the pri-
mary focus of our research. We pursue two 
complementary research lines:

1. Molecular mechanisms of mitotic regu-
lation and tumorigenesis
Researchers involved: Melones Herrero J., Delga-
do Aliseda, P., Calés C., Sanchez-Perez, I. 
Gastric cancer exhibits high chromosom-
al instability (CIN) and aneuploidy, often 

due to defects in the spindle assembly 
checkpoint (SAC). Our studies analyze key 
mitotic regulators such as Mad2 and BubR1, 
demonstrating their role in migration, inva-
sion, and stem cell balance.
• We  MAD2 as a crucial factor for tumor 

stem cell growth, regulating tumorigenesis 
through the CXCR4-SNAI2-MMP1 pathway.

• We found that MAD2 overexpression in tum-
ors is driven by post-transcriptional regula-
tion via miR19a, proposing it as a prognostic 
biomarker and showing synergistic effects 
with conventional and novel theWrapies.

2. Novel metal-based antitumor agents
Researchers involved: Melones Herrero J., Delga-
do Aliseda, P., Velazquez Gutierrez, J., Figueiras, 
S. Calés C., Sanchez-Perez, I. 
We investigate cisplatin and novel metal-
lodrugs to overcome limitations of conven-
tional treatments.
• Cisplatin Sensitivity Mechanisms: We 

explore apoptosis pathways in GC cells 
with varying cisplatin sensitivity (AGS and 
MKN45). Higher sensitivity in MKN45 cells 
correlates with Mcl-1 degradation and 
DNA repair (NER) alterations, identifying 
NER and Bcl-2 proteins as potential ther-
apeutic targets.

• Platinum(II) trans-complexes: We studied 
cis- and trans- [PtI2 (isopropylamine) 2] 
in gastrointestinal cancer cells, showing 
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they impair OXPHOS metabolism, induce oxi-
dative stress, and trigger senescence. Notably, 
I5 reduced tumor growth in pancreatic xeno-
graft models without systemic toxicity, high-
lighting its potential as an anticancer agent.

• Copper (II) - thiosemicarbazone complex-
es: We synthesized [Cu(L1)2] and [Cu(L2)2], 
demonstrating high cytotoxicity in GC cells 
via DNA damage, oxidative stress, and auto-
phagy/apoptosis dysregulation. Additionally, 
[Cu(L1)2] targeted tumor stem cells and cis-
platin-resistant populations, reducing pluri-
potency markers TWIST, NANOG, and OCT4.

• Platinum(II)-phosphine complexes: P2 
(trans-[Pt(amine)Cl2(PPh3)]) exhibited 
greater cytotoxicity than cisplatin, with 
lower toxicity in normal cells. P2 induced 
ROS generation, DNA damage, and mi-
tochondrial apoptosis via BAX/BAK acti-
vation. Moreover, it triggered ER stress 
and UPR activation, disrupting autophagy 
markers (p62, LC3). These findings posi-
tion P2 as a promising prototype for GC 
therapy.

• Bio-targeted metallodrug conjugates: 
We developed metallodrug-ligand con-
jugates (Cu(II), Pd(II), Pt(II)) enhancing cell 
uptake and anticancer activity, synergizing 
ribonucleotide reductase inhibition and 
metal center interactions.

PUBLICATIONS:

Bargiela-Iparraguirre, J.; Herrero, J. M.; Pajuelo-Lozano, N.; Perez, M.; 
Perona, R.; Quiroga, A.; Calés, C.; Sanchez-Perez, I., Regulatory effects 
of miR-19a on MAD2 expression and tumorigenesis in gastric can-
cer. Genes & Diseases 2023, 10 (4), 1180-1182. DOI: 10.1016/j.gen-
dis.2023.02.025

Herrero, J. M.; Fabra, D.; Matesanz, A. I.; Hernandez, C.; Sanchez-Perez, 
I.; Quiroga, A. G., Dithiobiureas Palladium(II) complexes’ studies: From 
their synthesis to their biological action. J Inorg Biochem. 2023, 246, 
112261. DOI: 10.1016/j.jinorgbio.2023.112261.
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Patricia Delgado Aliseda 
“Master´s thesis: Estudio del efecto de complejos metálicos derivados 
de platino en la hematopoiesis”. Universidad Complutense de Madrid. 
2023. Supervisor/s: Carmela Calés e Isabel Sánchez Pérez. Grade: So-
bresaliente 

Javier Montero Gutierrez 
“Master´s thesis: Efficient and selective thiosemicarbazones for heavy met-
al sequestration from water. Aqueus Stability studies in water of their stable 
nontoxic materials”. Máster en Nanociencia Molecular y Nanotecnología, 
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Paula Giménez Meliá
“Master´s thesis: Evaluación in vitro y ex vivo del potencial antitumor-
al de nuevos metalofármacos”. Máster de Investigación en Medicina 
Traslacional. Universidad Complutense de Madrid 2023. Supervisor/s: 
Carmela Calés y Jorge Melones Herrero. Grade: Notable

Additional Contributions
1. SARS-CoV-2 Spike Protein and Endothe-

lial Senescence: Demonstrated that SARS-
CoV-2 spike protein induces endothelial 
cell senescence, impairing vascular func-
tion via DNA damage and downregulation 
of klotho/Nrf2. Pharmacological inhibition 
of NLRP3 inflammasome prevented these 
effects, offering new therapeutic strate-
gies for COVID-19 vascular complications.

Our research bridges fundamental cancer bi-
ology with therapeutic innovation, focusing 
on precision medicine and novel drug de-
velopment to improve patient outcomes.
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“New copper metallodrug CuL as antitumoral candidate.”J. Velazquez 
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search Networking Day. Comunicación Oral 18-09-2023  Madrid, Centro 
Nacional de Investigaciones Oncológicas (CNIO). Award Fundación Cris 
Contra El Cáncer.
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Gabriel Rivas Hernández
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anti-senescente yanti-inflamatorio vascular de la angiotensina (1-7)er”. 
Instituto Tecnológico de Costa Riica & Universidad Autónoma de Ma-
drid. 2023. Supervisor/s: Concepción Peiró e Isabel Sánchez Grade: 
Sobresaliente
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“New metal complexes as molecular targets and preclinical cancer models. 
PID2022-137373OB-I00”. Ministry of Science and Innovation (MICINN). 
2023-2026

“Advances in Medicinal Chemistry: New approaches and targeted drug de-
livery”. Africa-Europe research collaboration. Funded by: CIVIS-4UA. 2024
 
“Metallic drugs with alternative structures to explore their potential in Bio-
logical Chemistry and induce cell death and specific damage in tumors. 
PID2019-106220RB-I00”. Ministry of Science and Innovation (MICINN). 
2019- 2023  

“AptaBreast: Preclinical Development of an Aptamer for Cancer Treatment. 
RTC2019-007227-1P”. Challenges Collaboration. Ministry of Science and 
Innovation (MICINN). 2020-2024.
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Overview
Over the past decade, our research has been 
dedicated to understanding the functions of 
FOXO transcription factors in the contexts of 
cancer and longevity, with the aim of target-
ing their activities for therapeutic purposes. 
FOXO factors are pivotal in maintaining cel-
lular homeostasis and fortifying the body’s 
defense mechanisms against cellular stress. 
Intriguingly, FOXO3 stands out as the second 
most replicated gene associated with ex-
treme human longevity.
 In our laboratory, we’ve developed cut-
ting-edge screening technologies to monitor 
the activity of the PI3K/AKT/FOXO signaling 
pathway. Utilizing these tools, we’ve identi-
fied and characterized numerous genetic and 
pharmacological approaches to manipulate 
the activity of FOXO proteins. One of our most 
significant breakthroughs came with the dis-
covery of the FOXO repressor protein TRIB2 
as a novel oncogene in melanoma. TRIB2 
belongs to the Tribbles family of pseudoki-
nases and plays a critical role in conferring 
resistance to anticancer drugs through direct 
interaction with AKT. Notably, TRIB2 is often 
overexpressed in melanoma and is associat-
ed with a poor response to treatment.
 Our research uniquely positions us to 
translate our insights into TRIB2 biology into 
practical tools that can enhance the clinical 
outcomes for melanoma patients and those 

with other solid cancers. We also explore the 
pharmacological modulation of FOXO pro-
teins as a strategy for treating cancer and 
age-related diseases. Our research group pos-
sesses an exceptional resource, with a collec-
tion of over 200 small chemical compounds 
capable of activating FOXO factors. From this 
collection, several potential anti-cancer drug 
candidates have been developed.
 In an effort to harness the therapeu-
tic potential of these small molecule FOXO 
modulating compounds, we founded Refoxy 
Pharma, a biotech company with locations in 
Berlin and Boston (www.refoxy.com). Addi-
tionally, we’re working on developing Nucle-
ar Export Inhibitors as potential anti-cancer 
drugs. Our team has devised a multiplexed 
high-content screening platform for the sys-
tematic evaluation of small molecule inhibi-
tors of nuclear export.”

Research lines:
1. Understanding and targeting of FOXO 

transcription factors in cancer and aging
2. Role of TRIB2 protein in solid cancers
3. Development of CRM1 inhibitors for anti-

cancer and antiviral therapy
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Understanding and targeting
of FOXO transcription factors
in cancer and aging
Researchers involved: Link, Wolfgang;
Jiménez Gómez, Lucía
FOXO3 is a transcription factor responsible 
for coordinating gene expression programs 
essential for cellular responses to stimuli 
such as oxidative, metabolic, and genotoxic 
stress. As a result, FOXO3 has gained recog-
nition as a potential target for drug develop-
ment and geroprotectors. It is one of the two 
human genes consistently linked to extreme 
longevity in various populations. In many cas-
es, FOXO3 is inactivated in human cancers 
due to cytoplasmic retention. Our goal is to 
comprehend the isoform-specific regulation 
of FOXO3 and explore methods for pharma-
cologically activating FOXO3.

Role of TRIB2 protein in solid cancers 
Researchers involved: Link, Wolfgang;
Mayoral Varo, Víctor
Together with TRIB1 and TRIB3, TRIB2 is part 
of the well-conserved mammalian Tribbles 
family of proteins. Our group initially identi-
fied TRIB2 in a genetic screen with the goal of 
discovering inhibitory proteins for FOXO tran-
scription factors. We characterized TRIB2 as 
an oncogene in melanoma and as a biomark-
er to both diagnose and evaluate melanoma 
progression and to predict clinical responses 
to cancer therapies. Our research focuses on 
comprehending the role of Tribbles proteins, 

especially TRIB2, in the progression of mela-
noma and other solid cancers, and in the de-
velopment of TRIB2 inhibitors.

Development of CRM1 inhibitors
for anticancer and antiviral therapy
Researchers involved: Link, Wolfgang; Jiménez 
Gómez, Lucía.
Nuclear export receptor CRM1 binds nuclear 
export signals (NESs) present in many celu-
lar and viral proteins. The novelty of our ap-
proach consists in attacking CRM1 that helps 
cancer cells to inactivate tumor-suppressive 
proteins by transporting them from the cell 
nucleus to the cytoplasm. We develop a tech-
nology to identify new chemical compounds 
capable of blocking the activity of CRM1 in a 
manner that produces less toxicity than avail-
able inhibitors which poison the CRM1 pro-
tein. This approach is also relevant for the 
development of antiviral drugs.

PUBLICATIONS:

Santos, B; Grenho, I.; Martel, P; Ferreira, B.I. and Link W. (2023) FOXO 
family isoforms. Cell Death Dis. 2023, 14, 702. DOI: 10.1038/s41419-
023-06177-1.

Velasco, G. and Link W. Pseudokinases, Tribbles Proteins and Cancer. 
Cancers. 2023, 15, 3547. DOI: 10.3390/cancers15143547.

Gacias, M; O’Neill, B; Relat, J.; Link, W.; Haro, D.; Marrero, P. and De 
Sousa-Coelho A.L. FOXO1 Represses PPARa-Mediated Induction of 
FGF21 Gene Expression. Biochemical and Biophysical Research Commu-
nications. 2023. 644, 122-129. DOIi: 10.1016/j.bbrc.2023.01.012
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Overview
In the tumor context, the microenvironment 
is defined as the ensemble of normal cells, 
extracellular matrix components, signaling 
molecules, and blood vessels that surround 
and support the tumor. Among these, can-
cer-associated fibroblasts (CAFs) are the 
most abundant cell type. Through dynamic 

niches develop. Notably, exosomes are pres-
ent in physiological fluids, such as peripheral 
blood, providing a valuable opportunity for 
disease-specific biomarker identification 
through liquid biopsies.
 Our research group is primarily focused 
on identifying novel biomarkers associat-
ed with the tumor microenvironment, par-
ticularly CAF-derived biomarkers, that have 
diagnostic, prognostic, or predictive val-
ue in colon cancer patients. Colon cancer 
remains one of the most prevalent and le-
thal malignancies both nationally and inter-
nationally. Therefore, identifying biomarkers 
with clinical applicability to support deci-
sion-making and patient management 
represents a crucial step toward the ad-
vancement of personalized medicine.

Specific Objectives:
• Establishment of primary cultures of 

CAFs and normal colonic fibroblasts (NFs) 
from patient samples to investigate their 
tumorigenic potential.

• Characterization and validation of 
pro-tumorigenic mediators involved in 
the interaction between primary CAF/NF 
cultures, extracellular matrices, and colon 
tumor cells or other tumor microenviron-
ment components.

• Analysis of the nucleic acid content of 
exosomes derived from CAF/NF primary 
cultures and their functional effects on co-
lon cancer progression.

communication with tumor cells and other 
components of the microenvironment, CAFs 
actively contribute to tumor progression. A 
key element in this intercellular cross-talk is 
exosomes, extracellular vesicles that mediate 
communication between tumor-associated 
cells and distant organs where metastatic 

• Identification of exosomal biomark-
ers in liquid biopsies (peripheral blood) 
derived from CAFs, correlating their ex-
pression with tumorigenic properties, 
pathological features, and patient survival 
outcomes.

• Development of computational models 
based on different biomarkers for accu-
rate patient stratification according to re-
lapse risk.

We work in close collaboration with clini-
cians at Ramón y Cajal University Hospi-
tal, ensuring direct insight into the clinical 
challenges faced in managing colon cancer 
patients. By integrating molecular and cel-
lular biology with translational research, 
we maintain a strong multidisciplinary ap-
proach that prioritizes clinical relevance. 
Our studies are firmly rooted in the use of 
patient-derived clinical samples, strength-
ening the translational impact of our find-
ings. Ultimately, our research contributes to 
the development of CAF-based biomark-
ers and targeted therapeutic strategies, 
paving the way for novel, CAF-directed treat-
ment approaches in colon cancer.
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Collado, M.; Castillo, M.; Muñoz de Mier, GJ.; del Pinta. C.; Peña. C. The 
Diet as a Modulator of Tumor Microenvironment in Colorectal Cancer 
Patients. Int J Mol Sci. 2023, 24, 7317. DOI: 10.3390/ijms24087317
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Hepatocellular carcinoma
molecular mechanisms
Researchers involved: Camblor Murube, Marina.
Hepatocellular carcinoma (HCC) is the leading 
cause of liver transplantation and one of the 
most common cancers. Previous results from 
our laboratory point to AURKB, a protein that 
regulates chromosomal segregation and cy-
tokinesis processes during mitosis, as a pos-
sible marker for the evolution of liver fibrosis 
and/or cirrhosis and HCC. Therefore, we are 
studying the role of AURKB in the develop-

ous lesions development in the liver through 
defects in the cell cycle progression and the 
chromosomal segregation and cytokinesis.
 Genetic studies performed in our labo-
ratory by next-generation sequencing assays 
of cell populations in which the expression of 
these variants might explain the fibrosis, cir-
rhosis, and/or hepatocarcinoma development 
observed in a cohort of patients infected with 
the hepatitis C virus.

Microbiota modifications in oncological pa-
tients treated with biological therapy
Researchers involved: López López, Ana; Camblor 
Murube, Marina
Our laboratory is interested in studying the 
effects of immunotherapy on the intestinal 
microbiota population. Biological therapy 
is an effective therapy against cancer that 
blocks specific targets of tumor cells, such 
as immune checkpoint blockers such as an-
ti-PD-1 and anti-CTL4 antibodies. 
 These treatments increase the survival of 
cancer patients of different types but show a 
high incidence (around 85%) of gastrointesti-
nal side effects, primary colitis, or intestinal 
perforations that compromise the continuity 
of therapy. In addition, one of the most se-
rious processes, frequently associated with 
cancer, is malnutrition. Recent research indi-
cates that a significant proportion of patients 
subjected to this type of therapy undergoes 
a modification in the composition of the in-
testinal microbiota, associated with biological 

ment of fibrosis/cirrhosis and HCC, on a co-
hort of 348 patients with chronic hepatitis C 
that demonstrates how the presence of two 
AURKB SNPs is significantly associated with 
liver fibrosis progression and HCC outcome. 
One of these SNPs is codified for a threonine 
residue that contributes to the kinase activ-
ity of AURKB, essential in the phosphoryla-
tion of P53 and the CHMP4C protein. Thus, 
these SNPs could contribute to precancer-

therapies. Microbiota is essential for proper 
body growth, with key functions such as me-
tabolism, immunity regulation, and mediating 
systemic inflammation. Recent studies have 
shown that modifications in the intestinal mi-
crobiota could lead to chronic inflammation 
processes, which could be considered a pre-
dictive factor for side effects outcomes at the 
level of digestive function. Therefore, we have 
analyzed the composition and evolution of 
the microbiota in cancer patients using a new 
technology performed in our laboratory by na-
nopore massive sequencing (MinION). These 
studies are focused on anticipating both the 
appearance of nutritional disorders that com-
promise adherence to treatment and identify-
ing the appearance of risk factors for the de-
velopment of intestinal inflammation
 Regarding liver cancer, in 2020, the FDA ap-
proved the use of the combination of Nivolum-
ab and Ipilimumab in the treatment of HCC 
patients previously treated with sorafenib. We 
are analyzing the effect of biological therapy 
on the composition of microbiota, and how 
the variation of populations affects the pro-
gression of liver disease. The bacterial translo-
cation suffered by patients with liver cirrhosis 
related to bacterial overgrowth is of special rel-
evance. A comprehensive study of alterations 
in the intestinal microbiota and their effect on 
the host’s immune response can contribute to 
designing innovative treatments for chronic 
liver disease, including HCC. 

KEYWORDS
Hepatocellular Carcinoma, Fibrosis,
Cirrhosis, Aurora kinase B, Microbiota,
Immunotherapy
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Overview
Melanoma is the leading cause of skin-cancer 
mortality due to its high risk of metastasis and 
the scarcity of therapeutic options. This ag-
gressiveness is caused by melanoma inherent 
plasticity that confers adaptability to dynam-
ic tumor microenvironment (TME) conditions. 
Despite the advances of immunotherapy, over 
one third of late-stage patients and about 60% 
of those with brain metastases (BrM) do not 
respond to current treatments. Our group´s 
research is centered on understanding the 
molecular mechanisms driving metastasis and 
immunotherapy resistance with the ultimate 
goal of discovering robust biomarkers and de-
veloping preventive and therapeutic strategies 
to improve melanoma patient outcomes. 

Our research focus on three aspects: 

1. Intratumoral heterogeneity (ITH), with 
especial interest on melanoma plasticity 
dynamics and the impact on the TME to 
understand its role in immune evasion 
and immunotherapy resistance. 

2. The mechanisms of brain colonization, in 
particular melanoma crosstalk with stro-
mal and immune cells leading to TME re-
modeling and determining the response 
to immunotherapy.

3. Discover targetable drivers of immune 
evasion to develop strategies that pre-
vent brain metastasis and overcome im-
munotherapy resistance.  

Our multidisciplinary approach includes the 
generation of single-cell multi-omics mouse 
data sets, development of computation tools 
and comparative analysis of patient cohorts, 
gene inactivation and drug screens in co-cul-
ture systems and preclinical therapeutic 
studies. In our studies we employ a unique 
panel of reliable melanoma mouse models 
representing human etiology and genetic di-
versity, single-cell derived clonal sublines and 
brain metastatic cell lines that exhibit distinct 
pathological and molecular characteristics, 
immune infiltrate profiles, and diverse re-
sponses to immunotherapy. This unprece-
dented preclinical platform will allow us to 
perform functional studies in fully immuno-
competent conditions and to overcome the 
limitations of sample collection in patients. 
Understanding how melanoma cells orches-
trate TME remodeling and brain colonization 
will provide the rationale for the discovery of 
new, more effective therapeutic strategies.

Melanoma plasticity role in
immunotherapy resistance
Since immune checkpoint blockade (ICB) be-
came the first-line treatment for melanoma, 
extensive efforts have been invested to un-
derstand and additionally target the immune 
populations involved. However, much less 
is known about the melanoma cell intrinsic 
pathways determining clinical response to 
ICB. Melanoma arises from the transforma-
tion of melanocytes, pigment-producing cells 

that originate from neural crest progenitors 
during embryonic development. The ability 
of melanoma cells to phenotypically switch 
between melanocytic developmental states, 
named melanoma plasticity, plays a crucial 
role in metastatic progression and drug re-
sistance. Although these states are associ-
ated with pleiotropic functions essential for 
melanoma, their contribution to immune 
modulation is still unclear. Recent work from 
our group and others have found evidence 
correlating melanoma plasticity and resist-
ance to ICB, however, the underlying mecha-
nisms remain unknown. 
 Animal models have demonstrated to be 
fundamental for understanding the molecu-
lar mechanisms underlying therapeutic effi-
cacy. Our research at the National Institutes 
of Health (NIH) established a panel of mela-
noma mouse models (M1-M5) etiologically 
relevant and representative of distinct patient 
molecular subtypes. These models exhibit a 
broad range of responses to ICB, associated 
with specific intratumoral lymphoid and my-
eloid cell densities that mimic the distribu-
tion observed in patients. By the comparative 
analysis of the gene expression profiles of 
M1-M4 models and the cross validation with 
human data sets we identified a “Melano-
cytic Plasticity Signature” (MPS) that predicts 
patient outcome upon ICB (Pérez-Guijarro 
et al., 2020. Nat Med. DOI: 10.1038/s41591 
020-0818-3). This predictive signature (MPS) 
directly linked, for the first time, melanoma 
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multipotency and undifferentiated pheno-
types with the clinical resistance to immuno-
therapy, highlighting the translational value 
of these models. Expanding on the under-
standing of embryonic melanocytic develop-
ment, a study by Marie et al, (Marie et al., 
2020. Nat Commun. doi: 10.1038/s41467-
019-14085 2) demonstrated the function of 
these factors in metastasis. These findings 
provided the premises for a follow up study 
that defined distinct developmental pro-
grams and their dynamics along metastasis 
progression and immunotherapy treatment 
by the comparative analysis of the models 
described in Pérez-Guijarro et al., 2020 and 
patient data sets (Gopalan et al., 2022. Bi-
oRxiv 10.1101/2022.10.14.512297). 
 Melanoma plasticity is considered a may-
or driver of ITH, which has been demonstrat-
ed to be a main cause of chemo- and targeted 
therapy failure. We selected M4 to investi-
gate ITH dynamics in response to immuno-
therapy due to its mixed ICB responses and 
high genetic and phenotypic heterogeneity 
by histological and single-cell RNA sequenc-
ing (scRNAseq) analysis. We generated an 
array of 24 single-cell-derived sublines from 
M4 cell line exhibiting a wide range of mu-
tational landscapes, developmental states, 
tumor growth kinetics and ICB responses. 
Genomic and scRNAseq analyses uncovered 
the diversity of the sublines and evidenced 
their plasticity. Further inquiry into melano-
cytic developmental states and stromal im-

mune cell signatures demonstrated better 
ICB efficacy in highly inflamed and differen-
tiated melanomas (Gruen et al. 2023. BioRx-
iv.10.1101/2023.04.03.535074).
 In addition, our work generated mul-
ti-omics mouse data sets that were used by 
our collaborators to develop a computational 
method for the phylogenetic analysis of large 
scale genomic and transcriptomic single-cell 
data from tumors (Azer et al., 2020. Bioin-
formatics. DOI: and Rashidi Mehrabadi et al., 
2023. BioRxiv. 2021.03.26.437185). There-
fore, our models have emerged as bench-
marking tools to develop these and other 
computational methods (Kizilkale, et al., 
2022. Nat Comput Sci. DOI:10.1038/s43588-
022 00298-x). Overall, our approach proved 
to be a powerful platform to study the inter-
actions between melanoma cell intrinsic pro-
grams and environmental factors that drive 
cancer evolution along progression and in 
response to therapy.

Tumor microenvironment 
and brain metastasis
As systemic therapies improve, BrM is in-
creasingly a leading cause of cancer patient 
mortality. While the brain was a paradigm of 
an immune-privilege microenvironment, ac-
cumulating evidence suggests that ICB treat-
ment could significantly benefit BrM patients, 
achieving response rates close to those with 
extracranial disease. Recent studies demon-
strated that melanoma co-option of devel-

opmental pathways enhances the metastatic 
potential of human and mouse cells. Whether 
melanoma plasticity plays a role in coloniza-
tion of the unique brain microenvironment 
is still unknown. Brain parenchyma is an ex-
tremely complex ecosystem of highly special-
ized cell types whose crosstalk is essential to 
maintain homeostasis; and understanding 
how melanoma cells modulate their inter-
action is fundamental. The overarching goal 
of this line of research is to understand the 
molecular mechanisms of immune evasion 
by melanoma cells determining brain coloni-
zation and therapeutic resistance.
 Sample collection is especially challenging 
in BrM patients, highlighting the importance 
of preclinical models for the discovery of key 
molecular drivers and predictive biomark-
ers. Unfortunately, very few animal models 
of brain metastasis exist and in most the im-
mune system is compromised, precluding 
evaluation of immunotherapy. To address 
this deficiency, we have generated a panel of 
brain-metastatic cells by intracardiac injection 
that exhibits diverse histopathology and met-
astatic potential. Importantly, mice implanted 
with M4-BR1 or M4-BR3 sublines respond-
ed differently to anti-CTLA4 and anti-PD-L1 
mono- and combination therapies. The re-
sults of this study will be soon published, and 
a pre-print of the manuscript is available in 
BioRxiv (Daugherty-Lopès et al., BioRxiv doi: 
https://doi.org/10.1101/2024.08.26.609785). 
We also contributed to the preparation of 

a white review paper summarizing the con-
clusions of the Melanoma Research Foun-
dation Brain Metastases Summit 3.0 (Karz et 
al., 2022. Pigment Cell Melanoma Res. DOI: 
10.1111/pcmr.13059).
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Overview
The group main research interests are to pro-
vide deeper knowledge on the mechanisms 
of drug resistance, tumor progression and 
metastasis, mainly in breast and gynecolog-
ical tumors, as well as to develop innovative 
therapies against the novel molecular tar-
gets previously characterized by our group. 
The interdisciplinary team led by Dr. Gema 

novel and effective treatment strategies (includ-
ing nanomedicines and targeted therapies) for 
eradicating aggressive tumor cells. In addition, 
our ambitious translational projects combine 
state-of the-art molecular approaches (including 
the characterization of genetic landscape and in-
tratumor heterogeneity) with in vivo approaches 
(such as novel preclinical models useful to test 
new treatment options) and comprehensive 
analyses in clinical tumor series. Thus, our goal is 
to advance in the personalized oncology and the 
cancer care management. The group has sol-
id collaborations with several research groups 
(from CIBERONC, other CIBER areas, as well 
as from diverse international institutions) that 
contribute to increase the multidisciplinary and 
translational potential of our projects. Finally, 
the group has active participation in diverse CI-
BERONC sections, such as the Working Module 
on Experimental Models, the Training and Mo-
bility Program (which is presently coordinated 
by Dr. Gema Moreno-Bueno A) and the Scientific 
CIBERONC committee.

Identification and characterization of 
new resistance mechanisms in breast 
carcinomas (HER2+).
Researchers involved: Moreno-Bueno,
Gema; Sarrió-López, David.
The first line of research is based on the anal-
ysis and functional characterization of HER2 
amplicon genes, which led to the identification 
of a new marker, Gasdermin B (GSDMB), asso-
ciated with invasion and metastasis in breast 

Moreno-Bueno includes oncologists, pathol-
ogists, biochemists, and molecular biologists 
with a translational experience on the charac-
terization of new prognostic/ predictive can-
cer biomarkers and molecular targets. As an 
example, we have decoded a new resistance 
mechanism to HER2 drugs (antibodies and ki-
nase inhibitors) and subsequently developed 

cancer and whose amplification in Her2 tu-
mors is related to non-response to antiHER2 
therapies. GSDMB belongs to a family of pro-
teins recently linked to cell death processes. 
Our current studies are directed to:
- To characterize the involvement of GSDMB 

in pro-survival autophagy mechanisms in 
response to anti-HER2 and other drug treat-
ments in breast and gastric carcinoma.

- Characterize the relationship between GSDMB 
and inflammation in different pathological 
contexts.

- Development of new anti-GSDMB thera-
peutic protocols based on the develop-
ment of biocompatible nanoparticles load-
ed with an anti-GSDMB antibody.

- Repositioning of new targeted drugs in 
HER2 breast tumors.

Analysis of intratumoral
heterogeneity in cancer
Researchers involved: Moreno Bueno,
Gema; Sarrió López, David.
The second line of research is centered on 
the study of clonal evolution in cancer, espe-
cially focused on:
- Identify new approaches to recapitulate 

genomic and intratumoral genetic heteroge-
neity.

- Identify specific patterns of phylogenetic 
evolution in various tumor types by massive 
exome and targeted sequencing of regions 
of the primary tumor and metastatic lesions.

- Validation of phylogenetic patterns and 
specific clones by sequencing in circulating 
tumor cells.

KEYWORDS
Breast Cancer, Gynecological Cancer, 
Prognosis, Molecular Classification, 
Immunotherapy, Targeted Therapies.
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Overview
Cellular senescence is a complex program char-
acterized by a stable cell cycle arrest and an 
exacerbated secretory phenotype, implicated 
in diverse physiological and pathological set-
tings. Senescence can act as a stress response 
triggered by different forms of cellular damage 
such as genotoxic stress, oncogene activation 
or mitochondrial dysfunction, among others. In 
addition to this role against stress, senescence 

also participates in the control of cell balance 
and tissue homeostasis in the context of nor-
mal physiology and embryonic development.
 A growing list of pathologies, many of 
them age-related, have been associated to se-
nescence dysfunction. These include cancer, 
atherosclerosis, fibrosis or diabetes among 
others. Strikingly, the role of senescence in 
disease is highly context dependent, with 

Cellular Senescence in Cancer 
and Other Pathologies

examples of both protective and pathogenic 
effects. In the context of cancer, senescence 
can display a dual role. On one hand, it acts 
as an effective tumor suppressor barrier that 
prevents tumor initiation, by blocking the pro-
liferation of cells with potentially oncogenic 
alterations. Conversely, the accumulation of 
senescent cells in tumors, due to therapeu-
tical interventions or other factors is usually 
detrimental, being associated to increased 
tumor growth, aggressiveness and dissemi-
nation.
 In our lab, we are interested in under-
standing the mechanisms that control cell 
senescence, its crosstalk with other essential 
cell processes, and how the disruption of the 
physiological program of senescence may 
contribute to cancer and other adult and 
developmental diseases. To address these 
questions, we use a combination of experi-
mental approaches that include cell biology, 
transcriptomics and mouse models to pur-
sue our lines of research.

Senescence in cancer and development
Previous work from our group showed that 
the homeoprotein SIX1 is an essential repres-
sor of senescence in different cellular settings 
(Adrados, Oncogene, 2016, PMID 26500063). 
SIX1 is a member of the SIX/EYA develop-
mental regulatory pathway, and alterations 
in this pathway are the genetic basis for the 
rare human BOR (Branchio-Oto-Renal) devel-
opmental syndrome (OMIM 113650, ORPHA 

107). On the other hand, SIX1 is an oncogene, 
frequently overexpressed in different types 
of tumors, where it is usually associated to 
poor prognosis, stem phenotypes and inva-
siveness. Based on the well-established role 
of senescence in both embryogenesis and 
tumorigenesis, we have studied the rele-
vance of the link SIX1-senescence in the con-
text of cancer (De Lope, Sci Rep, 2019, PMID 
30723235) and embryonic development (De 
Lope, Development, 2023, PMID 37017267). 
During this period, we characterized the role 
of senescence in developmental defects as-
sociated to defective SIX/EYA function. To 
do this, we used Six1-null embryos, a mouse 
model of the BOR syndrome, focusing on the 
developing inner ear, an organ with physio-
logical senescence that is severely affected in 
Six1-deficient mice and BOR patients. Using 
a combination of immunohistochemical and 
transcriptional studies, we showed aberrant 
levels and distribution of senescence markers 
in Six1-deficient inner ears, concomitant with 
defective morphogenesis. Gene expression 
profiling and ex vivo senescence manipula-
tion assays supported a link between aber-
rant senescence and altered morphogenesis 
in this model, associated with deregulation of 
the TGFβ/BMP pathway (De Lope, Develop-
ment, 2023, PMID 37017267). These results 
support the notion that mis-regulation of em-
bryo senescence may lead to genetic devel-
opmental disorders, expanding the connec-
tion between senescence and disease.
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Overview
The relevance of regulated secretion and its 
tight coordination with other cell functions 
in multicellular organisms is difficult to over-
state: distinct cell types engage in commu-
nication through secreted factors; exchange 
nutrients such as lipids through secreted 
transport particles; and layer and remodel 
the extracellular matrix (ECM), essential for 
tissue morphogenesis, homeostasis and re-
pair through the coordinated synthesis, mat-
uration, trafficking and secretion of large pro-

er cell structures and functions. For example, 
mutations of proteins regulating the shape, 
dynamics and recycling of the endoplasmic 
reticulum (ER) are frequently associated with 
altered morphogenesis of neurons and motor 
control. Our laboratory aims to contribute to 
the better understanding of how the dynam-
ics and function of specific cell compartments 
of the secretory apparatus are regulated and 
coordinated with cell state at systems-level, 
and how the disruption of these mechanisms 
underpins disease. An integral aspect of our 
research is the application and integration of 
unbiased molecular profiling techniques and 
high-content microscopy screening, which we 
also conduct in collaborative research. 

The control of ER remodeling
The ER is an intricate system of intracellular 
membrane domains delimiting a single lumi-
nal space, continuous with the outer nuclear 
envelope. The architecture of the ER and its 
dynamics contribute to the several essential 
functions of this organelle, including calcium 
and redox homeostasis, complex lipid me-
tabolism, management of other endomem-
brane systems, and the maturation and as-
sisted folding of ~30% of the proteome. ER 
membrane subdomains can adopt discrete 
shapes (including ER ‘tubules’ (peripheral, re-
ticular tubes of ER, with rather low densities 
of associated ribosomes) and ER ‘sheets’ (flat 
enlargements or “cisternae” of peripheral ER, 
usually rich in bound polysomes); this model 
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Superresolution micrograph 
of the endoplasmic reticulum 
of a COS7 cell, stably express-

ing a Sec61b-EGFP marker. 
Three generic domains (NE: 
nuclear envelope; SHEETS: 

perinuclear stacked sheets, 
TUB: peripheral tubular 
networks) are indicated.

teins such as collagens. These activities, which 
in specialized cell types can represent a major 
share of the total expenditure of energy and 
resources, need to fit tightly with the cell func-
tional state to ensure appropriate responses 
to different stimuli and conditions. The dys-
function of components of this complex cell 
system is at the core of a very large number 
of diseases not only because of its impact on 
primary secretion, but also because of that 
pervasive reciprocal communication with oth-

may oversimplify a more complex variety of 
ER architectures. The specific functional rele-
vance of ER architectural remodeling are still 
incompletely understood, but beyond adding 
to the net functional capacity of the ER, it is 
essential for the appropriate configuration 
of specific cell states. A major example is em-
bodied by the particular structure of neurons, 
whereby the interplay between the ER and 
the microtubule cytoskeleton stabilizes devel-
oping axons and neuronal spines.
 We have studied, using high-content mi-
croscopy approaches, how cells expand their 
ER when undergoing ER stress. Surprisingly, 
the eIF2alpha kinase EIF2AK3/PERK is required 
for this process: translation regulation con-
trols the anchoring of the ER to a specific sub-
set of non-centrosomal microtubules, which 
must be disrupted for ER expansion. ER-MT 
anchoring in turn modulates the stability of 
non-centrosomal microtubules, and cell pro-
trusiveness and polarity. Thus, PERK activity 
coordinates ER homeostasis and remodeling 
with cell morphogenesis and behavior.
 We are also studying a specific ER remod-
eling event that is engaged in cells subjected 
to different forms of stress, including innate 
immunity activation. Our observations sup-
port this ER remodeling contributes to min-
imize self-damage in the cell. The molecular 
mechanisms of this protective remodeling, 
which are partly regulated by the UPR, are 
being investigated through collaborative re-
search.
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A novel regulator of ER-Golgi trafficking
We are studying the cell and organismal func-
tion of NFXL1, a novel, very poorly character-
ized E3 ligase localized to ER domains. Our in 
vitro and in vivo observations strongly support 
a role for this factor in the regulation of ER-
to-Golgi trafficking to enable secretion, with a 
relevant contribution to the development of 
bone structures in zebrafish and mice. Apart 
from detailed mechanistic studies underlying 
this activity, we are interested in exploring the 
specific potential role of NFXL1 in neural ho-
meostasis and function, as human pathogen-
ic variants described to date link this factor to 
syndromes affecting learning and memory. 
This is notable as multiple neurological syn-
dromes are predominant phenotypes associ-
ated with mutations affecting ER shaping and 
ER-Golgi trafficking regulators. 

Emerging roles of lipid droplets
Research conducted during the last 15-20 
years has refuted our previous conception 
of lipid droplets (LDs) as inert lipid storage 
structures, passively subjected to growth/ 
consumption cycles. On the contrary, lipid 
droplets are extremely dynamic organelles 
with a complex proteome, engaging in com-
munication with other cell structures, and 
non-intuitively serving as regulators of func-
tions beyond triacylglyceride and cholester-
ol ester accumulation and supply, including 
proteostasis, stress adaption and immunity. 
We contributed to studies demonstrating a 

role for LDs in defence responses against in-
tracellular pathogens: LDs are safe platforms 
on which toxic antipathogen proteins can be 
accumulated to engage with intracellular in-
vasors, while contributing to the metabolic 
rewiring that takes place in the infected cell. 
We continue to explore the dynamics of the 
LD proteome in this response, and different 
aspects of its communication with other cell 
organelles such as mitochondria and the ER.
 We are also studying how the expanding 
LD receives information from mechanosens-
ing structures located in the plasma mem-
brane (PM), called caveolae. These studies 
could shed light on a very poorly understood 
event: how the accommodation of volume ex-
pansion by the PM of the cell feeds into met-
abolic control through the regulation of the 
LD proteome. We also participate in studies 
focused on caveolae biology and their contri-
bution to cell function and physiopathology. 
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Overview
Our group is interested in the study of the 
mechanisms that maintain metabolic home-
ostasis. From a functional point of view, these 
mechanisms require the involvement of pe-

Hypothalamic regulation
of energy metabolism
During this period, we continued with our stud-
ies on the central role of circadian rhythms as 
key components for the regulation of cyclic 
food intake and energy expenditure. It has been 
well established for decades that the suprachi-
asmatic nucleus in the hypothalamus acts as 
a master circadian pacemaker synchronizing 
the diurnal oscillations of molecular clocks in 
the brain and in peripheral tissues. In previous 
work we found that Aphakia mice used as a 
model characterized by congenital lack of in-
nervation of the suprachiasmatic nucleus by 
retinal axons due to hypomorphic expression 
of the transcription factor gene Pitx3 (Pitx3ak), 
exhibit out-of-phase daily cycles of locomotor 
activity, feeding patterns, energy expenditure, 
and corticosterone secretion that are resist-
ant to metabolic entrainment by time-restrict-
ed feeding. Our more recent studies carried 
out during this period demonstrate that lack 
of food anticipatory activity, a goal-directed 
reward-seeking behavior observed in these 
mice, correlates with decreased dopaminergic 
innervation of the suprachiasmatic nucleus 
and the nucleus accumbens of the striatum by 
neurons located in the ventral tegmental area. 
Thus revealing a close association between 
motivational and metabolic components of 
cyclic feeding behavior depending on oscilla-
tory nutritional information. In addition, we 
have further pursued the study of the mecha-
nisms by which transcription factor Alx3, that 
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ripheral organs such as pancreas, muscle and 
adipose tissue, as well as brain nuclei mostly 
located in the hypothalamus, all of them act-
ing in a coordinated manner.

has been the focus of our interest for many 
years, maintains metabolic homeostasis at the 
systemic level. We have discovered that, apart 
from its important role on modulating insulin 
secretion in pancreatic islets, Alx3 is expressed 
in the arcuate nucleus of the hypothalamus 
and plays important roles in the regulation of 
feeding and in metabolic partitioning in pe-
ripheral organs.

Dysfunctional metabolic regulation
in peripheral tissues
We have also participated in a collaborative 
study on the regulation of energy metabolism 
by the newly discovered succinate/SUCNR1 
axis in adipocytes. In this study, succinate as 
been shown to play an essential role in the 
production and secretion of leptin, a hor-
mone synthetized in adipocytes and secreted 
upon eating that regulates appetite by gen-
erating a sense of satiety. In addition, stim-
ulation of SUCNR1 by succinate controls the 
cyclic oscillations of leptin secretion via reg-
ulation of the molecular clock in these cells.  
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Overview
β cell mass plays a pivotal role in type 2 diabe-
tes progression, with decreased mass linked 
to reduced insulinaemia, glucose intolerance, 
and diabetes onset. Notably, β cell mass ex-
hibits considerable heterogeneity across in-
dividuals, but current clinical tools fall short 
of effectively measuring it. Predictive genet-

forms. Given that animal models often fail to 
faithfully represent human diabetes pheno-
types linked with these genetic modifications, 
we rely on the use of alternative models to 
explore human genetics further.
 Our lab specializes in modeling human 
endocrine pancreas development through 
the use of pluripotent stem cells and differ-
entiation protocols steered towards the en-
docrine lineage. By merging this approach 
with the genome-editing power of  CRISPR/
Cas9  technology and comprehensive “om-
ics” methodologies, we can decode the mo-
lecular characteristics of human genetic 
variants in pancreatic development. Our ul-
timate goal is to unveil the influence of these 
variants, a step that could significantly aid 
in patient stratification and preemptive di-
agnosis. Furthermore, understanding novel 
disease effectors may open doors to inno-
vative therapies for both rare and common 
forms of diabetes.

Unraveling the genetic basis of human β 
cell mass by the study of diabetes risk loci
Adult beta cell mass is determined by the size 
and proliferation of the pancreas progenitor 
pool. Our focus lies in examining type 2 di-
abetes risk loci and discerning the influence 
of specific genes on the proliferation of pan-
creatic progenitors and the trajectory of en-
docrine differentiation. Utilizing “loss-of-func-
tion” approaches, we investigate these genes. 
After genetic perturbation in pluripotent stem 
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ic information could serve as a valuable tool 
for efficient diabetes diagnosis, treatment, 
and prevention, and aid in patient stratifica-
tion in this era of personalized medicine. In 
our quest to understand diabetes better, we 
probe genetic variants that escalate diabe-
tes risk in both its monogenic and polygenic 

cells, we apply differentiation protocols that 
emulate human development. Our primary 
aim is to elucidate the molecular link between 
diabetes risk and single-nucleotide polymor-
phisms by integrating GWAS, eQTL databases, 
and “omics” data from differentiation proto-
cols. The ultimate objective is clinical transla-
tion of our findings, connecting genetic data 
to pathophysiological events and accelerating 
the advent of personalized medicine.

Study of novel genes and mutations puta-
tively associated with monogenic diabetes
Monogenic diabetes, accounting for 1-5% of 
all diabetes cases, is often underdiagnosed 
and under-researched. Recognized mono-
genic variants are predominantly linked with 
genes vital for endocrine pancreas develop-
ment. Given that animal models fall short of 
replicating most human diabetes phenotypes 
linked with these genetic modifications, we 
need alternative models for probing human 
genetics and deepening our understanding of 
monogenic diabetes.
We study clinically relevant genetic alterations 
putatively linked with monogenic diabetes. 
Our proposed studies can help determine if 
observed clinical phenotypes arise from de-
fective endocrine development or abnormal 
mature β cell function. Furthermore, they 
shed light on associated molecular mecha-
nisms – invaluable insights for improving di-
agnosis and treatment modalities for these 
patients.
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Overview
The close relationship between metabolism 
and the immune system (immunometabolism) 
plays an essential role in the development of 
obesity and related comorbidities, including 
type 2 diabetes mellitus (T2D) and metabolic 
dysfunction-associated steatotic liver disease 
(MAFLD). The changes in the intestinal microbi-
ota that occur in obese individuals are the first 
trigger of the low-grade chronic inflammation 
that alters the functions of relevant tissues re-
sponsible for controlling whole body glucose 
and lipid homeostasis. Among them, the liver 
is a target organ for the proinflammatory me-

diators from the gut (endotoxins) and/or ad-
ipose tissue (cytokines, adipokines, free fatty 
acids and reactive lipid species) and, further-
more, this organ capable of recruiting circulat-
ing monocytes that, together with the resident 
macrophages (Kupffer cells), contribute to exac-
erbate the intrahepatic inflammatory response. 
These conditions determine the progression of 
MASLD, a disease with a high incidence in the 
obese and insulin-resistant population that be-
gins with accumulation of fat in the liver (steato-
sis) and progresses to steatohepatitis (MASH), 
fibrosis, cirrhosis, and ultimately, hepatocellu-
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lar carcinoma (HCC). Our group investigates the 
molecular basis of the development of obesity 
and comorbidities, with a major focus in the liv-
er, adipose tissues (white and brown) and pan-
creas. To achieve this, we use cellular models 
(i.e. hepatocytes, Kupffer cells, stellate cells, liv-
er progenitor cells), as well as preclinical exper-
imental models that recapitulate obesity and 
the different stages of MASLD. In this context, 
we are also studying therapeutic approaches 
with single or dual agonists of the GLP-1 and 
glucagon receptors, and inhibitors of IL1β to 
prevent or reverse obesity and MASLD. Other 
pharmacological targets of interest are the pro-
tein kinase D family, the BMP (bone morphoge-
netic factors) family, hypoxia-inducible factors 
(HIFs), as well as extracellular vesicles. We are 
also investigating metabolic changes induced 
by chronic treatment with widely used drugs 
(antipsychotics) or the benefit of novel foods 
(insect meal) on secretion of incretins and gly-
cemic control. Regarding liver pathophysiology, 
our group aims to decipher new mediators and 
mechanisms involved in acute liver failure (ALF), 
as well as in biliary diseases including primary 
biliary cholangitis (PBC) and primary sclerosing 
cholangitis (PSC).

Novel regulatory nodes of insulin sensitivi-
ty in the liver: protein kinase D family
Researchers involved: Rada, Patricia; Carceller, 
Elena; Hitos, Ana B.; Pose-Utrilla, Julia; González 
Rodríguez, Águeda; Iglesias, Teresa; Martínez Val-
verde, Ángela

Protein kinase D family (PKD1, PKD2, PKD3) 
is emerging as relevant regulator of metabol-
ic homeostasis in a tissue-dependent man-
ner. However, the precise role of PKD2 in 
hepatic insulin sensitivity has not been fully 
elucidated and is the focus of this research 
line. To achieve this, we conducted studies 
in hepatic cells and also we generated liv-
er-specific PKD2-deficient mice (PKD2∆Hep), 
as well as mice overexpressing a constitutive 
active PKD2 mutant in the liver (EGFP-PKD2-
CA). We found that PKD2 silencing enhanced 
insulin signaling in hepatocytes, an effect 
also observed in primary hepatocytes from 
PKD2∆Hep mice. Conversely, EGFP-PKD2-
CA overexpression produced the opposite 
effects. A more in-depth analysis revealed 
reduced levels of IRS1 serine phosphoryla-
tion under basal conditions and increased 
IRS1 tyrosine phosphorylation in PKD2∆Hep 
primary hepatocytes upon insulin stimula-
tion and, importantly, we demonstrated that 
PKD2 interacts with IRS1. In vivo injection of 
AAV-EGFP-PKD2-CA in male mice resulted in a 
moderate impairment of glucose homeosta-
sis and reduced insulin signaling. On the con-
trary, obese PKD2∆Hep male mice displayed 
improved glucose and pyruvate tolerance, as 
well as higher insulin sensitivity compared to 
their controls. This research line has unveiled 
an unknown role of PKD2 in the control of in-
sulin signaling in the liver at the level of IRS1 
and point PKD2 as a therapeutic target for he-
patic insulin resistance.

Emerging role of the liver progenitor cells 
(LPCs) in chronic liver diseases
Researchers involved: Calero, Silvia; Valdecantos, 
M. Pilar; Seeger, Florian; Villamayor, Laura; Hitos, 
Ana B.; González Rodríguez, Águeda; Martínez 
Valverde, Ángela.
Liver progenitor cells (LPCs) have an emerging 
role in the regenerative responses of the liver 
due to their plasticity and differentiation capac-
ity to hepatocytes or cholangiocytes. However, 
the role of LPC fate in liver regeneration dur-
ing chronic liver diseases is less known. This re-
search line is focused in investigate the suscep-
tibility of LPCs to the inflammatory environment 
of MASLD and PSC and the role of the protein 
tyrosine phosphatase 1B (PTP1B) and the tran-
scription factor GATA4 in modulating LPC fate 
in these pathological contexts. Transcriptomic 
analysis revealed changes in several molecu-
lar pathways in PTP1B-deficient LPCs, includ-
ing upregulation of oxidative metabolism and 
hepatocyte-related genes and downregulation 
of apoptosis-related genes. PTP1B deficiency 
in LPCs enhanced survival signaling, induced 
NRF2 nuclear translocation and its antioxidant 
targets, improved mitochondrial bioenergetics 
and reduced apoptosis upon treatment with 
macrophage-derived lipo-inflammatory condi-
tioned medium (CM). On the other hand, stimu-
lation of LPCs with a PSC-like CM from PTP1B-/- 
macrophages increased survival signaling and 
proliferation. We also found that GATA4 is ex-
pressed in LPCs and we are investigating its role 
in LPC fate during fibrosis and hypoxia.

Small extracellular vesicles (sEV): new 
messengers of the paracrine/endocrine 
intreactome in MASLD and T2D with diag-
nostic potential
Researchers involved: García Martínez, Irma; 
Alen, Rosa; Izquierdo Pastor, Manuel; Ros, Ma-
nuel; Martínez Valverde, Ángela.
Cell-to-cell communication by sEV is an 
emerging issue in liver diseases including 
MASLD. In this research line we aim to char-
acterize the exosome fraction of the sEV se-
creted by the hepatocytes under the lipotoxic 
conditions of MASLD and the impact of lipo-
toxic sEV in macrophages/Kupffer cells in-
flammation, as well as in insulin signaling in 
hepatocytes. A step further, since MASLD and 
T2DM are closely interconnected and the ex-
tent and relevance of sEV-mediated commu-
nication between hepatocytes and insulin-se-
creting β-cells remain largely unexplored, 
in this research line we also aim to provide 
new knowledge on the role of hepatocyte-re-
leased sEV during the progression of MASLD 
in the liver-pancreas interactome in order to 
identify new therapeutic/diagnostic targets 
for both pathologies. Briefly, we demonstrat-
ed that sEV released by the hepatocytes un-
der MASLD conditions cause liver inflamma-
tion and insulin resistance in hepatocytes via 
a paracrine hepatocyte-macrophage-hepato-
cyte crosstalk. We identified sEV as transport-
ers of saturated fatty acids and potent lipo-
toxic inducers of liver inflammation. Toll-like 
receptor 4 (TLR4) deficiency or its pharmaco-
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logical inhibition ameliorated liver inflamma-
tion induced by hepatocyte-derived lipotoxic 
sEV. Evidence of this macrophage-hepatocyte 
interactome was also found in patients with 
MASLD, pointing to the relevance of sEV in 
SFA-mediated lipotoxicity in MASLD.

Therapies based on incretin receptor 
multiagonism to combat obesity 
and co-morbidities.
Researchers involved: Valdecantos, M. Pilar; Rada, 
Patricia; Hitos, Ana B; García Martínez, Irma; Alén, 
Rosa; González Rodríguez, Águeda; Montes San 
Lorenzo, Ángela; Martínez Valverde, Ángela.
Bariatric surgery is effective for the treatment 
of obesity and T2D remission. Pharmacologi-
cal approaches which exert similar metabolic 
adaptations are an active area of research. 
This research line investigates the effects of 
G49, an oxyntomodulin (OXM) analog and 
GCGR/GLP-1R dual agonist, in preventing di-
et-induced obesity and its underlying molec-
ular mechanisms. We are particularly focused 
in the spatio-temporal metabolic rewiring in 
response to G49 that involves an inter-or-
gan crosstalk between white adipose tissue 
(WAT), pancreas, and liver. By using different 
genetically modified mouse models, we have 
uncovered that this complex interactome is 
initiated by a rapid release of free fatty acids 
by epidydimal WAT leading to subsequent el-
evations in insulin, adiponectin and FGF21, 
resulting in beiging of WAT depots, brown 
adipose tissue (BAT) activation and increased 

energy expenditure. OXM elevation and sim-
ilar metabolic profile were found in plasma 
from obese patients after malabsorptive bar-
iatric surgery. These results, together with 
ongoing in depth research on WAT lipolysis 
as a trigger of the inter-organ cross talk medi-
ated by G49 that ultimately leads to increase 
energy expenditure and reduce body weight, 
suggest that treatment of obesity with G49 
represents a potential pharmacological alter-
native to bariatric surgery. In collaboration 
with Pep2Tango Therapeutics we are current-
ly investigating the efficacy of next generation 
incretin receptor multiagonists in reducing 
obesity and the tissue-specific actions.

Metabolic side effects of long treatment 
with second generation antipsychotics: 
ITN-TREATMENT
Researchers involved: Ferreira, Vitor; Hitos, Ana 
B.; Montes, Ángela; Rada, Patricia; Martínez Val-
verde, Ángela.
This research line evaluates the metabolic side 
effects of second generation antipsychotics 
(SGAs), particularly olanzapine (OLA), in energy 
balance and glucose/lipid metabolism in mice 
treated with this drug. We aim to uncover new 
mechanistic aspects in the cross-talk between 
the central nervous system, particularly the hy-
pothalamus, and the liver. We have unraveled 
molecular signatures in the hypothalamus-liver 
interactome identifying hypothalamic JNK as 
driver of the peripheral effects of OLA in the 
liver, as well as sex-depending effects. Mecha-

nistically, we found that OLA i.p. treatment in-
duces mild oxidative stress and inflammation 
in the hypothalamus in a JNK1-independent 
and dependent manner, respectively, without 
features of cell death. Hypothalamic JNK acti-
vation up-regulated lipogenic gene expression 
in the liver though the vagus nerve. This effect 
concurred with an unexpected metabolic rewir-
ing in the liver in which ATP depletion resulted 
in increased AMPK/ACC phosphorylation. This 
starvation-like signature prevented steatosis. 
By contrast, intrahepatic lipid accumulation 
was observed in WT mice treated orally with 
OLA; this effect being absent in PTP1B-KO mice. 
We also demonstrated an additional benefit 
of PTP1B inhibition against hypothalamic JNK 
activation, oxidative stress and inflammation 
induced by chronic OLA i.p. treatment, thereby 
preventing hepatic lipogenesis.

Impact of Bone Morphogenetic Proteins 
(BMPs) on the progression of MASLD
Researchers involved: Rey, Esther; Fernández, Car-
los Ernesto; Díez, Paula; Rada, Patricia; Martínez 
Valverde, Ángela; González Rodríguez, Águeda.
Although MASLD is the major cause of chron-
ic liver disease worldwide, there is no validat-
ed non-invasive method to identify patients 
with MASH, and there are no proven effec-
tive treatments. BMPs are growth factors 
that exert pleiotropic role in different cellular 
processes, but their involvement in MASLD 
pathogenesis has poorly been investigated, 
so this research line aims to identify the mo-

lecular mechanisms involved in the effects of 
these proteins in the progression of MASLD, 
and to test whether these proteins, which 
are soluble factors, can be used as non-inva-
sive biomarkers for the diagnosis/prognosis 
of the different stages of this disease. In this 
regard, we have described a significant and 
progressive increase in serum BMP2 levels in 
MASLD patients in relation to the histological 
grade of steatosis and MASLD activity, posi-
tioning this protein as a potentially useful 
non-invasive biomarker for MASH. Also, we 
have demonstrated that BMP8A expression 
is enhanced in liver fibrosis states. These ob-
servations derived from different preclinical 
models of fibrosis, in which hepatic and se-
rum levels of BMP8A were increased. Similar-
ly, in a human cohort of MASH patients, there 
was an increase in circulating BMP8A levels in 
advanced fibrosis patients (F3-F4). In fact, an 
algorithm based on serum BMP8A levels was 
developed, called BFS (BMP8A fibrosis score), 
which efficiently predicts advanced fibrosis in 
MASLD patients.

Modulation of IL1β synthesis as a 
potential therapeutic target for 
MASLD progression.
Researchers involved: del Peso, Natalia; del Fres-
no, Elena; Ben Jeddou, Ikram; González Rodrí-
guez, Águeda.
The mechanism underlying MASLD progres-
sion is influenced by a wide variety of factor. 
One of them is inflammation, which appears 
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in the early stages of the disease, and its re-
versal is crucial, as prolonged persistence of 
this inflammatory state leads to chronic tissue 
damage and fibrosis. Regarding proinflamma-
tory signals involved in the disease progres-
sion, IL1β is involved in different stages of the 
disease, including the promotion of hepatic 
steatosis, inflammation, and fibrosis. Given 
its central role in MASLD progression, IL1β 
represents a potential therapeutic target. AI-
K3a305 (AIK), a novel allosteric inhibitor of JNK, 
is a potent selective inhibitor of IL1β produc-
tion. Thus, the aim of this research line is to 
evaluate the effect of the pharmacological in-
hibition of this cytokine triggered by this com-
pound on MASLD progression. By using both 
different cellular systems and a mouse mod-
el of MASLD, we have demonstrated that AIK 
selectively reduces LPS and palmitate-induced 
IL1β synthesis in macrophages, blocking their 
proinflammatory activation. Moreover, AIK 
protects against palmitic acid (PA)-induced 
lipotoxicity in hepatocytes by inhibiting JNK 
signalling induced by this fatty acid, and, se-
lectively, IL1β synthesis. In addition, the com-
pound transiently prevents the activation of 
the transcription factor transcription factor 
NFκB and p38 MAPK signalling pathways in-
duced by PA in hepatocytes, reflected in a 
short-term reduction of TNFα expression. In 
addition, the results of the preclinical study 
revealed that AIK ameliorates MASLD progres-
sion and reduces intrahepatic lipid accumula-

tion in a MASLD mouse model (mice fed with 
high fat diet).
Evaluation of metabolic and cardiovascu-
lar complications associated with chronic 
respiratory diseases.
Researchers involved: Hernández, Miguel Ángel; 
Fernández, Carlos Ernesto; González Rodríguez, 
Águeda. 
Chronic obstructive pulmonary disease 
(COPD) and obstructive sleep apnea (OSA) 
are chronic respiratory diseases with a high 
prevalence worldwide and high morbidity 
and mortality, largely due to the presence of 
associated metabolic and cardiovascular dis-
orders. These research line explores possible 
factors responsible for the association be-
tween these chronic respiratory diseases and 
the cardiometabolic associated-disorders. In 
this regard, we have described that metabolic 
comorbidities are more frequent in respira-
tory diseases with nocturnal intermittent hy-
poxia (IH) such as OSA, while cardiovascular 
comorbidities were more frequent in COPD, 
which is characterised with continuous hy-
poxia. Currently, the impact of IH on MASLD 
progression is being evaluated.
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RESEARCH LINES:

Line of work: Cardiovascular function 
Our work aimed to provide a novel under-
standing of the interaction between cardiac 
immune myeloid cells and cardiomyocytes, 
to ensure proper cardiac function, as well as 
the alterations that lead to cardiac dysfunc-
tion, hypertrophy, cardiac fibrosis, and ulti-
mately heart failure (HF). The focus was on 
establishing the role of the nuclear receptors 
VDR and AhR as key players in this protective 
interaction and how they can be modulated 
by molecules released by macrophages, and 
trophic factors that alter the transcription 
pattern in both cell types. We discovered that 
macrophages contribute to providing im-
munometabolic support to cardiomyocytes, 
which ensures a correct physiological activ-
ity. In addition to this, cardiomyocytes also 
have a high responsiveness to these nuclear 
receptors. Therefore, the activation of this 
homeostatic system seems to contribute to 
preventing cardiac dysfunction and, in some 
cases, irreversible HF. In this scenario, the 
regulation of the activity of the nuclear recep-
tors VDR and AhR has been the main focus of 
our work, including the role of VDR and AhR 
in the outcome of human HF after myocardial 
infarction, aortic stenosis and/or other low-
grade proinflammatory comorbidities.

Line of work: COVID-19 
and pro-resolving mediators
SARS-CoV-2 and other infections can cause 
pulmonary complications such as acute res-
piratory distress syndrome (ARDS) or bilateral 
pneumonia, due to the excessive generation 
of proinflammatory cytokines in a process 
known as “cytokine storm,” which is induced 
due to faulty resolution of the inflammatory 
reaction. Since the main molecules involved 
in this step are specialized pro-resolving li-
pid mediators, we studied the role of lipoxin 
A4, the most abundant pro-resolving medi-
ator, in the context of COVID-19. Our data 
show that the native form of lipoxin A4/
B4, 15-epi-lipoxin A4/B4 epimers, and the 
synthetic lipoxin A4 analog BML-111 play a 
key role in the resolution of ARDS. Among 
the mechanisms involved, these molecules 
inhibit neutrophil infiltration, induce an 
“alternative activation” of macrophage po-
larization, and reduce ROS production. At 
the molecular level, these lipids modulate 
survival and proliferation pathways such as 
ERK, AKT, or AMPK/ACC. Furthermore, they 
activate NRF2, considered a “master” regula-
tor of the antioxidant response, inducing its 
translocation to the nucleus and promoting 
the expression of antioxidant genes. 
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Line of work: Kv1.5 and Kv4.3
channelosomes
Ion channels are responsible, among oth-
er functions, of muscle contraction, cardiac 
rhythm and synaptic transmission. We focus 
our research interest in voltage-dependent 
potassium channels present into the human 
myocardium, mainly in Kv1.5 (that generate 
IKur) and in Kv4.3 (that generate Ito), which 
represent the more important potassium 
channels responsible of the atrial repolariza-
tion and thus they represent pharmacologi-
cal targets of antiarrhythmic drugs useful in 
the treatment of cardiac arrhythmias. Ion 
channels form signaling complexes or chan-
nelosomes, which are essential for optimal, 
fast and efficient signal transmission. There-
fore, knowledge of the interactors of these 
channelosomes is essential for the validation 
of new proteins that may constitute thera-
peutic targets, as well as for the design and 
synthesis of new chemical agents that may be 
useful drug candidates. We have focused on 
KChIP2, sigma-1 receptor and Lgi3-4.

Line of work: Channelopathies
One of our research lines is the electrophys-
iological characterization of new mutations 
on ion channels or some of their regulatory 
subunits. These mutations found in the clinics 
can induce cardiac arrhythmias such as Long 
QT, Short QT or Brugada Syndromes.
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Line of work: Resolution of inflammation 
in cardiovascular pathologies
The resolution phase following an inflamma-
tion process is required for its finalization to 
avoid chronic inflammation and, therefore, 
chronic disease. During the transition from 
inflammation to resolution, there is an in-
crease in the enzymatic synthesis of SPMs. 
Several cardiovascular diseases, including 
atrial fibrillation (AF), myocardial infarction, 
heart failure, or hypertension involve inflam-
mation. Therefore, the knowledge of possible 
effects of SPMs on different cardiac ion chan-
nels may help to the treatment and/or pre-
vention of cardiac diseases.
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Overview
Our laboratory is interested in the study of the 
regulation of mitochondrial function and the 
role played by mitochondrial oxidative stress 
in human pathology, with a special interest 
in cardiovascular diseases (CVD), metabolism 
associated steatotic liver disease (MASLD), 
type 2 diabetes (T2D), cancer (hepatocellular 
carcinoma, colorectal cancer, thyroid cancer) 
and intestinal inflammatory disease.
 

Hepatocellular Carcinoma (HCC)
Researchers involved: Hidalgo, M.; Monsalve, M. 
The second line of research aims to elucidate 
the impact of the loss in mitochondrial plas-
ticity on HCC development and the mecha-
nisms involved.

Colorectal Cancer (CRC)
Researchers involved: Moreno, O.;
del Rio, M; García, R.; Doblado, L.; Labalde, M.;
Ferrero, E.; Monsalve, M. 
The third line of research focuses on under-
standing how the systemic metabolism im-
pacts on CRC development.

Thyroid Cancer (CRC)
Researchers involved: Moreno, O.; García, R.;
Labalde, M.; Ferrero, E.; Monsalve, M. 
The fourth line of research aims to make use 
of the evaluation of mitochondrial markers to 
support the non-invasive risk assessment of 
thyroid cancer.

Type 2 Diabetes (T2D)
Researchers involved: Gallego, S.; Plexida, M;
Doblado, L.; Monsalve, M. 
The fifth line of research investigates how 
mitochondrial dysfunction drives the devel-
opment of CVD in T2D subjects.

Cardiovascular diseases (CVD).
Researchers involved: Doblado, L.;
Rincón, L; Monsalve, M.
The first line of investigation is currently fo-
cused on understanding how the impact of 
atypical antipsychotics (AAPs) on mitochon-
dria drives CVD development.

Intestinal Inflammatory Disease (IID)
Researchers involved: Doblado, L.; Monsalve, M. 
The sixth line of research studies how nutri-
tion modifies both systemic and intestinal mi-
crobiome oxidative metabolism impacting on 
intestinal immune-metabolic health.

J. Aragón Reyes, O.H. Martinez-Costa Pérez 
and Alejandro Samhan Arias investigate re-
dox mechanisms and membrane protein 
interactions relevant to electron transport 
and disease. We engineer nanocarriers us-
ing lipid raft components for drug delivery 
applications. We also explore mammalian 
nitrogen-cycle pathways involving molyb-
denum-dependent enzymes. Additionally, 
we study post-translational modifications of 
b-type hemoproteins in conditions like can-
cer and diabetes.
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Overview
The investigation into cellular and molecular 
adaptive responses to hypoxia holds signifi-
cant importance, given its relevance to phys-
iological processes and the development of 
prevalent pathologies such as cancer and 
cardiovascular diseases. Hypoxia Inducible 
Transcription Factors (HIFs) play a central role 
in orchestrating these responses by regulat-
ing the expression of a multitude of genes 
involved in adapting to hypoxic conditions. 
Our research group is dedicated to advanc-
ing our understanding of the transcriptional 
response to hypoxia and the underlying cel-
lular and molecular mechanisms governing 

crucial adaptive processes like angiogenesis. 
Our overarching objective is to leverage this 
knowledge to enhance the clinical manage-
ment of conditions where tissue hypoxia is a 
common feature.
 
Transcriptional Response to Hypoxia
The disruption of HIF prevents both the up-
regulation and downregulation of genes 
triggered by hypoxia. However, a compre-
hensive examination of HIF-binding sites on 
a genome-wide scale has revealed that HIF 
directly governs only gene induction. To gain 
deeper insights into this response, we con-
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ducted a meta-analysis of published hypoxic 
transcriptomic profiles, resulting in the identi-
fication of a robust and reliable hypoxic signa-
ture. This analysis has also unveiled Bhlhe40 
as the gene most consistently induced by hy-
poxia. Bhlhe40 is a transcriptional repressor 
known for its role in regulating cell prolifer-
ation, differentiation, and lipid metabolism. 
Our current focus is on elucidating the spe-
cific function of Bhlhe40 in the transcriptional 
response to hypoxia.
 As part of our transcriptomic analysis 
pipelines, we have developed singlepointR-
NA, a software tool designed to simplify sin-
gle-cell RNA sequencing (scRNA-seq) analysis.
 
The Role of Bhlhe40 in Adipogenesis and 
Metabolic Syndrome Associated with Ob-
structive Sleep Apnea
Obstructive sleep apnea (OSA) is a highly 
prevalent condition characterized by the in-
termittent obstruction of the upper respirato-
ry tract during sleep, leading to cyclic hypoxia. 
OSA patients face an increased risk of cancer 
and cardiovascular diseases, but the mech-
anisms connecting these conditions remain 
poorly understood. We hypothesize that the 
intermittent hypoxia seen in OSA activates 
the HIF/Bhlhe40 axis, ultimately disrupting 
adipose tissue homeostasis, which, in turn, 
contributes to the development of metabolic 
syndrome and its association with cancer and 
cardiovascular diseases.

Understanding the Role of Bhlhe40 in En-
dothelial Cell Differentiation and Prolifera-
tion during Hypoxia-Induced Angiogenesis
Angiogenesis, the primary mechanism driv-
ing vascular expansion, is a fundamental 
adaptive response to hypoxia. However, our 
understanding of how HIFs regulate angio-
genesis remains incomplete. Given Bhlhe40’s 
prominent role in the hypoxic transcriptional 
response, our research focuses on elucidat-
ing the role of the HIF/Bhlhe40 axis on en-
dothelial cell proliferation and differentiation 
during hypoxia-induced angiogenesis. To this 
end, we utilize stem cell-based angiogenesis 
models and CRISPR-mediated gene editing 
approaches. Our findings reveal a novel role 
for Bhlhe40 in regulating proliferation and 
angiogenesis in mouse embryoid bodies un-
der hypoxic conditions.
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Overview
Cardiovascular diseases (CVD) represent the 
main cause of death and their high prevalence 
implies a high health cost, in addition to in-
creasing physical dependence and reducing 
the quality of aging of the population. There-
fore, understanding the molecular basis of 
CVD is a priority to mitigate the high number 
of deaths and current chronic patients. Like-
wise, knowledge of the mechanisms involved 
in correct cardiac formation and function 
could contribute to developing health pre-
vention strategies. The canonical response to 
hypoxia provides a ubiquitous mechanism of 
adaptation to low oxygen supply. The variety 
of processes regulated by hypoxia include 
metabolic reprogramming, vascularization, 
immune response modulation, pluripoten-
cy, differentiation and survival or migration, 
among many others. Therefore, the patho-
physiology of hypoxia is broad and complex, 
and it is a clinical priority to unravel the molec-
ular mechanisms that link HIF-mediated sig-
naling with highly prevalent human diseases, 
such as metabolic disorders or CVD. Oxygen is 
an essential modulator of the cardiovascular 
system and is involved in the appearance and 
evolution of numerous CVD. 
 The general objective of our group is fo-
cused on understanding how hypoxia sign-
aling impacts cardiovascular development 
and homeostasis and on defining the mo-

lecular mechanisms that orchestrate adap-
tation to changes in oxygen levels in both 
physiological and pathological conditions. 
To determine the function of HIFs and other 
hypoxia pathway elements during homeosta-
sis and cardiac pathology, we have generated 
new genetic mouse models of gain or loss of 
function of the hypoxia signaling pathway in 
different cardiac populations to mimic CVD 
and investigate new molecular mechanisms 
that connect alterations in oxygen homeosta-
sis with cardiovascular pathology. In addition, 
we have established a clinical collaboration 
network to investigate the molecular basis of 
low-prevalence pediatric vasculitis and under-
stand the role of hypoxia in its onset and pro-
gression. Our specific scientific interests are 
depicted bellow.

Decipher the role of the VHL/HIF
axis in the development and
 maturation of the heart
One of our research lines is dedicated to in-
vestigating the influence of HIF signaling dur-
ing heart development and maturation. We 
have discovered the fundamental role of VHL/
HIF1 axis signaling in the establishment of 
metabolic territories in the embryonic heart 
essential for myocardial maturation, the cor-
rect formation of the ventricular chambers 
and the establishment of the conduction sys-
tem. Our studies reveal the existence of a 
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change in the metabolic programming of the 
embryonic myocardium, which goes from a 
glycolytic signature to fatty acid oxidation 
at intermediate times of cardiogenesis in 
a HIF1-dependent manner (Developmental 
Cell, 2016, STAR Protoc, 2021). Furthermore, 
we have determined that in the absence of 
glycolysis in conditions of loss of HIF1, al-
ternative compensatory mechanisms based 
on the transport and consumption of ami-
no acids are activated until the correct es-
tablishment of an oxidative metabolism of 
fatty acids (iScience 2021). Moreover, our 
research points to new functions of VHL 
and HIF2 in the proper formation of cardiac 
valves that we are currently investigating. 
In addition, we are exploring the impact of 
maintaining HIF signaling activation on the 
postnatal cardiomyocyte maturation and 
cardiac performance. 

Proposed Working Models of Embryonic Car-
diac Metabolism in VHL-KO and HIF1-KO mice
We are determining the influence of HIF sign-
aling in neonatal cardiomyocyte metabolism, 
sarcomeric and mitochondrial structure, pro-
liferation ability and additional maturational 
hallmarks like binucleation and electrical cou-
pling. Moreover, we are interested in explor-
ing the crosstalk between cardiomyocytes 
and other cardiac cell types in close contact 
with them and to determine whether chang-
es in hypoxia could modulate these cell-cell 
interactions.

Characterization of the cellular and molec-
ular events controlled by HIF transcription 
factors and VHL in coronary homeostasis 
and vascular pathologies
Another line of interest is dedicated to ex-
ploring the influence of HIF signaling in the 
stability of coronary vessels and capillaries. 
We have characterized the impact of HIF ac-
tivation in epicardial progenitors (labelled by 
Wt1: Wilms tumor 1) contributing to coro-
nary vessels and cardiac fibroblasts, finding 
that mutant mice develop several vascular 
and myocardial alterations. We are currently 
unraveling the molecular mechanisms be-
hind these dramatic vascular and cardiac 
defects by RNA sequencing and through the 
generation of novel mouse models to better 
dissect the relative contribution of certain 
cell populations to the phenotype. Further-
more, we have established a clinical network 
of collaborators to explore the influence of 
HIF signaling in pediatric rare diseases dis-
playing vascular inflammation and cardiac 
complications.

Identifying novel molecular mechanisms 
connecting hypoxia signaling with preva-
lent CV diseases 
In the lab we are also working in the iden-
tification of molecular mechanisms that ex-
plain how changes in oxygen tension might 
participate in the development and progres-
sion of prevalent CV diseases like cardiac hy-
pertrophy or pulmonary hypertension. On 

one hand, we are investigating how endothe-
lial cells, pericytes and fibroblasts with acti-
vation of the hypoxia pathway could signal 
to cardiomyocytes and favor indirect hyper-
trophic responses using novel genetic mod-
els in these cellular compartments. On the 
other hand, we are uncovering novel roles 
of HIF2 in the response to chronic hypoxia 
beyond its classical relevance in pulmonary 
endothelial cells. In particular, we are inves-
tigating how vascular HIF2 signaling from cell 
types derived from the Wt1 lineage could in-
fluence the successful adaptation to hypoxia 
with special focus on cardiac and pulmonary 
performance.

Exploring the impact of hypoxia in redi-
recting muscle satellite progenitor cells 
towards cardiomyocyte differentiation 
with regenerative purposes.
A recent line of research in the lab is focused 
in investigating the influence of hypoxia in 
the ability of muscular satellite progenitor 
cells extracted from the masticatory muscles 
to differentiate into cardiomyocytes with the 
final aim to obtain an alternative source of 
functional cardiac cells able to repair the in-
jured heart. We evaluate the impact of hy-
poxia exposure of satellite cells at different 
time points during in vitro differentiation 
on the expression of cardiac specific mark-
ers and metabolic hallmarks. This project is 
developed in collaboration with a consorti-
um of researchers from the Comunidad de 

Madrid and globally envisions the develop-
ment of bioengineered patches of satellite 
cells-derived cardiomyocytes with regenera-
tion capacity.
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Overview
Our group goal is to understand the molec-
ular mechanisms that control the metabolic 
homeostasis of the immune system and the 
pathologies derived from its deregulation, in-
cluding infectious, inflammatory, neoplastic 
and autoimmune processes, many of which 
still lack a cure. We also have a translational 
vocation with projects focused on the iden-
tification and characterization of new thera-
peutic drugs to combat these diseases. Fur-

I3C is a nutraceutical present in vegetables of 
the Brassica genus that are very common in 
the diet. I3C has been already tested in phase 
2 clinical trials for precancerous papilloma 
and it has negligible toxic effects in patients 
and mice. Our results show that this com-
pound, at bioavailable concentrations, syn-
ergizes with new generation drugs targeting 
Bruton´s tyrosine kinase (BTK) resulting in B 
cell receptor (BCR) signaling inhibition. The 
combination treatment with I3C and these 
compounds is still highly effective in condi-
tions mimicking the B cell neoplasia prolifer-
ation centers in the lymph nodes and spleen, 
including culturing under hypoxia and co-cul-
turing with mesenquimal stromal cells. Anal-
ysis of the effect of the I3C and BCR inhibi-
tor combination treatment indicates that the 
combination treatment strongly downmodu-
lates the expression of key survival proteins 
and induces apoptosis. We continue working 
in the identification of the mechanism of ac-
tion of I3C.

CD137 (4-1BB) requires physically associat-
ed cIAPs for signal transduction and anti-
tumor effects
Researchers involved: Zapata, Juan Manuel
CD137 (4-1BB) is a member of the TNFR fam-
ily that mediates potent T cell costimulatory 
signals upon ligation by CD137L or agonist 
monoclonal antibodies (mAbs). CD137 ago-
nists attain immunotherapeutic antitumor 
effects in cancer mouse models, and multi-
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thermore, we also work in the development 
of new approaches and immunotherapeutic 
tools against cancer.

Indole-3-Carbinol synergized with inhibi-
tors of the B cell receptor pathway in B cell 
lymphoma y leukemia 
Researchers involved: Zapata, Juan Manuel; Pé-
rez Chacón, Gema; Aldea, Marcos; Gaibar, María; 
Lanza, José María; Aramberri, Ane

ple agents of this kind are undergoing clini-
cal trials. In collaboration with the Group of 
Dr. Ignacio Melero (Clinica Universitaria de 
Navarra, CIMA) we have shown that cIAP1 
and cIAP2 are physically associated with the 
CD137 signaling complex. Moreover, cIAPs 
are required for CD137 signaling toward the 
NF-κB and MAPK pathways and for costimu-
lation of human and mouse T lymphocytes. 
SMAC mimetics that trigger cIAP degradation 
and expression of cIAP dominant-negative 
variants abrogated the anti-tumoral effects 
of CD137, thus demonstrating that the antitu-
mor effects of agonist anti-CD137 mAbs are 
critically dependent on the integrity of cIAPs.

Role of LXR Nuclear Receptors
In Macrophage function
Researchers involved: Castrillo, Antonio;
Guerrero, Erika
Liver X receptors (LXRα and LXRβ, encoded 
by Nr1h3 and Nr1h2 respectively) play crucial 
roles in mammalian cholesterol homeosta-
sis, and are also involved in the inflammatory 
response. LXRα is expressed in liver, adipose 
tissue, intestine and macrophages, whereas 
LXRβ is ubiquitously expressed. LXRs function 
together with Retinoid X Receptors, RXRs, and 
their endogenous ligands include several in-
termediates of the cholesterol biosynthetic 
pathway, termed oxysterols. LXR are master 
controllers of cholesterol physiology working 
in a transcriptional program promoting cho-
lesterol utilization. However, they also play 
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important roles in inflammatory macrophag-
es in response to injury or infection. The mo-
lecular mechanisms that activate innate im-
mune pathways and their connections with 
endogenous LXRα or LXRβ activities have not 
been explored in depth, and this is one of the 
main interests of our group.
 In recent years, scientific progress has in-
creased the spectrum of tissue macrophage 
activities, broadening the range of mac-
rophage identities, their plasticity and hetero-
geneity, derived from their tissue-specialized 
properties. In fact, there are certain organs, 
such as lymphoid, or metabolic tissues such 
as the liver, or secondary lymphoid organs, 
that present several distinct macrophage 
subtypes, and whose individual functions 
have not been studied in depth. Our group 
has made an important contribution to un-
raveling the mechanisms of macrophage 
action in experimental mouse models. In 
particular, our work has shown that LXR 
transcription factors regulate several mac-
rophage functions, including control of the in-
flammatory response, defense against path-
ogens, and their involvement in phagocytosis 
and functional specialization of the different 
macrophages present in lymphoid tissues 
such as the spleen. Our current interests are 
oriented towards the cellular and molecular 
study of the nuclear receptor LXRα in mac-
rophages, through in vitro and in vivo studies 
with mouse models of LXRα deficiency, and 
knockin transgenics of conditional absence 

or reporter mice. Our recent results suggest 
that LXRα exhibits distinct activities in mac-
rophages. On one hand, in healthy tissues it 
exerts homeostatic functions in certain sub-
types of tissue-resident macrophages, and on 
the other hand, in situations of inflammation 
or infection it promotes antimicrobial and in-
flammatory polarization actions in recruited, 
monocyte-derived, macrophages.  Specifical-
ly, we approached these studies from 2 main 
angles. First, we study the role of LXRα in the 
differentiation and transcriptional activity of 
tissue-resident macrophages. Using genom-
ic strategies we search for the genome-wide 
localization of LXRα, and we will analyze by 
proteomic approaches the molecular inter-
actions of LXRα in different situations, using 
tissue-derived macrophages and with mac-
rophages in culture. The second major direc-
tion of our research will aim to analyze the 
function of LXRα in macrophages in patho-
logical situations through inflammation and 
infection models. We envision that our con-
tributions may translate into future strategies 
for therapeutic intervention in diseases by 
manipulating macrophage activity.
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RESEARCH LINES:

Overview
Our lab is dedicated to understanding the in-
tricate interactions between cancer cells and 
their surrounding environment, known as the 
tumor microenvironment (TME). While tradi-
tionally recognized for their role in blood clot-
ting, platelets have emerged as key players in 
tumor progression by actively communicat-
ing with cancer cells and other components 
of the TME. Upon activation, platelets release 
a variety of bioactive molecules that can sup-
port tumor growth, enhance metastatic po-
tential, and modulate the immune response. 
Targeting platelet activity has shown promise 
as a potential strategy to improve the effica-
cy of conventional cancer therapies, including 
chemotherapy and immunotherapy.
 Our research also extends to chronic in-
flammatory diseases such as atherosclerosis, 

obesity, and autoimmune disorders, where 
persistent inflammation leads to platelet hy-
peractivity even before other disease-relat-
ed complications arise. We explore how this 
preconditioned heightened platelet activa-
tion might reshape the TME in the event of 
tumor development, potentially suppressing 
the anti-tumor immune response and sup-
porting tumor survival. We are particularly in-
terested in how platelet-driven inflammatory 
pathways contribute to a tumor-promoting 
environment, ultimately impacting patient 
outcomes.
 By investigating the mechanisms through 
which platelets shape the TME, we aim to 
identify novel therapeutic strategies to repro-
gram platelet activity, thereby enhancing can-
cer treatment responses.
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RESEARCH LINES:

Overview
Choline kinase α (ChoKα) is a critical enzyme 
involved in the regulation of phosphatidyl-
choline metabolism, the major phospholipid 
in all eukaryotic membranes. Overexpression 
of ChoKα is oncogenic and modulates the 
expression of genes directly involved in the 
regulation of cell proliferation and apopto-
sis, promoting the progression of tumours. 
ChoKα affects signalling pathways including 
ERK, AKT, PI3K, c-Src and EGFR. Inhibition of 
ChoKα induces endoplasmic reticulum stress 
(ERS) and Unfold Protein Response (UPR), 
leading to a drastic reduction in the levels of 
the G1->S phase checkpoint mediators pRB 
and E2F1α. These effects results in a potent 
antitumor activity, promoting a variety of ef-
fects as increased ceramides production and 

as expected for any chemotherapeutic ap-
proach, resistance to ChoKαIs has also been 
found. This makes imperative the search for 
tools that discriminate sensitive from resist-
ant tumours to ChoKαIs.
 Precision oncology requires the develop-
ment of adequate tools and protocols for the 
selection of patients suffering from each spe-
cific type of cancer to optimize their clinical 
management. Especially relevant is the case 
of PDAC and NSCLC tumours, with dreadful 
prognosis that can benefit from a target-
ed personalised treatment. These protocols 
would result from the combination of studies 
using appropriate biological reagents such as 
Patient-Derived Xenografts (PDX), Patient-De-
rived Organoids (PDOs) and the use of omic 
analysis. We are using this strategy to identify 
genomic, proteomic and lipidomic alterations 
induced by modulation of ChoKα activity to 
identify specific biomarkers in both sensitive 
and resistant tumours to inhibitors of ChoKα. 
These results will allow the selection of can-
didates that may benefit from targeted, per-
sonalized, precision therapeutic approaches. 
Our group is focused in the study of PDAC 
and NSCLC models to identify Response Pre-
dictive Signature (RPS) for each pathology in 
response to ChoKα inhibitors (ChoKαIs).
 In addition to this role in cancer on-
set and progression, we and others have 
demonstrated the relevance of ChoKα as a 
therapeutic target in diseases produced by 
parasites as malaria, caused by Plasmodi-

the subsequent activation of cell death, with 
an exquisite specificity towards cancer cells 
and a reversible, non-toxic effect on normal, 
non-tumorigenic cells. 
 A better knowledge of the mechanisms by 
which ChoKα contributes to cancer onset and 
progression and those involved in sensitivity 
and resistance to drugs targeting enzymes in-
volved in lipid metabolism may facilitate the 
design of more specific and effective thera-
pies. Indeed, due to their unique mechanism 
of action, ChoKα inhibitors (ChoKαIs) could be 
used in many combinatorial regimes against 
a broad spectrum of human cancers. ChoKαIs 
show potent antitumor activity, and one of 
our drugs, RSM-932A, has completed the first 
Phase I clinical trial in humans. However, and 

umfalciparum, and Leishmaniasis, caused by 
Leishmania infantum. This is further expand-
ed to the successful use of ChoKαIs against 
bacterial infections produced by Gram-pos-
itive S. pneumoniae and Gram-negative H. 
influenza, responsible for pneumonia, otitis 
and bronchitis.
 Using several animal models, ChoKαIs 
has demonstrated to be a potent therapeu-
tic tool in even other diseases. These include 
rheumatoid arthritis (RA), LPS-induced sep-
tic shock model, Muckle–Wells syndrome 
(MWS), familial cold auto inflammatory syn-
drome (FCAS) and neonatal-onset multisys-
tem inflammatory disease (NOMID). The last 
three syndromes are a consequence of mu-
tations in the NLRP3 gene that cause chronic 
activation of the inflammasome, suggesting 
that targeting ChoKα has the potential to be 
an efficient approach to also treat inflamma-
tory diseases.
 Therefore, ChoKα inhibition may play an 
important role in the treatment of a large di-
versity of human diseases. Further research 
on the clinical application of our ChoKαIs in 
this plethora of human illnesses will disclose 
and clarify whether its tremendous potential 
as broad-spectrum therapeutics can be a re-
ality. We are working to resolve this challeng-
ing enterprise.
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RESEARCH LINES:

Overview
Our laboratory is interested in understand-
ing the role of microRNAs (miRNAs) in health 
and disease, with a primary focus on im-
mune tolerance, autoimmune diseases and 
cancer. We have previously identified miR-
148a and the miR-17-92 miRNA cluster as 
essential regulators of B cell tolerance. Ad-

Our current research is focused on: (1) identi-
fying novel regulators of B cell tolerance and 
T cell responses in autoimmune diseases and 
cancer, (2) establishing the cellular and molec-
ular mechanisms underlying their regulatory 
function, and (3) determining their potential 
role in the development and progression of 
these diseases. This research might uncover 
new therapeutic targets for the treatment of 
autoimmune diseases and cancer.

MicroRNA control of immune
tolerance and autoimmunity
Researchers involved: Rocío Bartolomé Cabrero, 
Laura Gámez Reche, Javier Sanz Gallardo, Leti-
cia Villadangos Reyes, Tania Gonzalo Santana 
and Alicia González-Martín.
A main research direction in our laboratory is 
to explore the function of miRNAs and their 
target genes in immune tolerance and auto-
immune diseases. During 2023 and 2024, we 
studied the mechanisms of action of a novel 
miRNA that regulate B cell tolerance previous-
ly identified by us. We are currently exploring 
its potential role in murine models of autoim-
mune diseases. Furthermore, we have iden-
tified another miRNA that, when expressed 
at increased levels, promotes spontaneous 
autoimmunity in mice. This is currently being 
investigated in-depth from both a mechanis-
tic and therapeutic perspective.
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ditionally, we demonstrated the causal role 
of miR-148a in lethal autoimmunity and elu-
cidated the molecular mechanisms through 
which miR-148a and miR-17-92 exert their 
effects. Overall, we established miRNAs as 
critical regulators of B cell tolerance and au-
toimmunity.

Cellular and molecular mechanisms
of antitumor immunity
Researchers involved: Eleftheria Papaioannou, 
María del Pilar González Molina, Ana María Prie-
to Muñoz, Laura Mañas Cordero, Manuel dos 
Santos Matias, Jesús Adrián Gómez García and 
Alicia González-Martín.
Another key research focus of our group is the 
identification of novel cellular and molecular 
mechanisms that contribute to antitumor im-
munity. Using a preclinical model developed 
by us, we have performed mechanistic stud-
ies of a miRNA that enhances T cell-mediated 
responses against tumors. We also identified 
additional miRNAs that improve immune 
responses to melanoma through an in vivo 
functional screen platform previously setup 
in our lab. We expect that this research di-
rection will contribute advance our current 
knowledge on tumor immunology and poten-
tially provide promising new therapeutic tar-
gets to improve cancer immunotherapy.
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Nanoimmunology of T Lymphocyte 
Activation and Apoptosis

RESEARCH LINES:

Overview
Our general interest is to decipher the 
molecular mechanisms that participate 
in the formation of the immune synapse 
(IS) and to study some of the T lymphocyte 
effector responses that derive from IS for-
mation. T-cell receptor (TCR) stimulation by 
antigen bound to the major histocompatibil-
ity complex (MHC) on an antigen-presenting 
cell (APC) induces the formation of the IS and 
filamentous actin (F-actin) accumulation at 
the IS, followed by depletion of F-actin at the 
central region of the IS (cIS) and the polari-
zation of lytic granules/multivesicular bodies 
(MVB) and the microtubule-organizing center 
(MTOC) to the IS. Among several T lymphocyte 
effector responses, the fusion of MVBs with 
the plasma membrane at the IS produce the 
secretion of MVB intraluminal vesicles as ex-
osomes, leading to polarized exosome secre-
tion at the IS cleft (Fig. 1). The exosomes are 
involved in several crucial immune respons-
es, including the cytolytic activity of cytotox-
ic T lymphocytes (CTLs) against target cells 
such as tumor cells, and activation-induced 
autocrine apoptosis (AICD) of T lymphocytes, 
which is involved in controlling autoimmuni-
ty. Overall, a better understanding of the sig-
nals involved in MVB maturation and traffic 
will allow designing strategies to modulate 
exosome secretion by CTL and hence modi-
fy their function. With this knowledge in the 

hand it will be possible to modify some bio-
logical and pathological consequences de-
rived from T lymphocyte secretion, including 
cytotoxic activity against tumor cells and au-
toimmunity. Thus, it will be feasible to design 
new therapeutic approaches against cancer 
and certain autoimmune diseases.
 Our research comprises non-oriented, 
fundamental research directed to enhance 
our knowledge of the relationship among 
actin and tubulin cytoskeleton, MVB secre-
tory traffic and IS, which are fundamental 
components necessary to develop and ap-
propriate adaptive immune response. By 
investigating these interactions within the 
context of human chimeric antigen recep-
tor (CAR)-T cell IS in collaboration with clini-
cians, it is expected that the results might 
eventually lead to strategies to genetically 
manipulate T lymphocytes and CAR-T cells 
used during T cell adoptive therapy proto-
cols, in order to improve persistence and 
avoid exhaustion of effector CAR-T lympho-
cytes.
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Analysis of centrosomal area actin reor-
ganization and centrosome polarization 
upon lymphocyte activation at the immu-
nological synapse
Researchers involved: Ruiz-Navarro, J.;
Fernández-Hermira S.; Sanz-Fernández, I.;
Botas, M.; Calvo, V.; Izquierdo, M.
IS formation is associated with an initial in-
crease in cortical filamentous actin (F-actin) at 
the IS, followed by a decrease in F-actin den-
sity at the central region of the IS, which con-
tains the secretory domain. This is followed 
by the convergence of secretion vesicles to-
wards the centrosome, and the polarization 
of the centrosome to the IS. These reversible, 
cortical actin cytoskeleton reorganization pro-
cesses occur during lytic granule secretion in 
cytotoxic T lymphocytes (CTL) and natural kill-
er (NK) cells, proteolytic granules secretion in 
B lymphocytes and during cytokine-contain-
ing vesicle secretion in T-helper (Th) lympho-
cytes. In addition, several findings obtained in 
T and B lymphocytes forming IS show that ac-
tin cytoskeleton reorganization also occurs at 
the centrosomal area. F-actin reduction at the 
centrosomal area appears to be associated 
with centrosome polarization. In this research 
line we deal with the analysis of centrosomal 
area F-actin reorganization, as well as the 
study of centrosome polarization towards the 
IS (Fig. 1). This research line is on the frontier 
of Nanotechnology applied to Life Sciences. 
Its multidisciplinary nature stands out, which 
encompasses cell biology techniques and im-

aging techniques, and Nanotechnology tools, 
which is cross-sectionally required for the 
characterization of vesicular traffic and the 
function of exosomes. These techniques in-
clude multiparametric and high-throughput 
analysis of nanoparticles of biological origin, 
and the capture and enhancement of su-
per-resolution fluorescence imaging applied 
to intracellular traffic (Fig.1). Following these 
approaches, we have shown that, upon Th 
lymphocyte IS formation, centrosomal area 
F-actin decreased concomitantly with cen-
trosome polarization to the IS, and a linear 
correlation between these two parameters 
exists. Further experiments are in progress 
to characterize the molecular events involved 
in centrosomal area cytoskeletal reorganiza-
tion, and to analyze their role on polarized 
secretion at the immune synapse. 
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Biomedical Imaging Analysis and 
Multi-Omics Integration

RESEARCH LINES:

Overview
The group of Dr Alieva (imAIgene-lab) is a 
computational laboratory that leverages 
advanced artificial intelligence tools, includ-
ing computer vision, single-cell technologies, 
and data analytics. We extract biologically 
relevant insights from microscopy data to 
gain better understanding of cancer na-
ture and develop novel therapeutic strat-
egies. Our strategic collaboration with 
leading labs specializing in state-of-the-
art imaging and sequencing technologies 
amplifies our impact, emphasizing the syn-
ergy of expertise in advancing scientific 

Decoding tumor resistance to cellular Im-
munotherapy against cancer.
Researchers involved: Hernández De Roca, Mi-
guel; Alieva Krasheninnikova, María
Despite the revolutionary success of cancer 
T-Cell Immunotherapies their efficacy in treating 
solid tumours, is still very limited. These widely 
exploited ‘living’ drugs are inherently dynamic 
and my previous results have shown that dy-
namic live imaging can unravel functional dif-
ferences between T cells. In this research line I 
am exploiting a new paradigm for improving 
engineered T cell anti-tumor function: that het-
erogeneous T cell dynamics displayed by the T 
cells upon attack of PDOs is predictive of diverse 
molecular and phenotypic mechanisms of im-
munotherapy resistance. Here, we aim to utilize 
AI and multi-omics integration of T cell imaging 
and organoid sequencing data to therapeutically 
exploit this unique concept, by mapping the ef-
ficacy of combinatorial drug treatments for their 
ability to counteract ineffective T cell dynamics. 

Understanding microenvironmental
drivers of tumor cell invasion. 
Researchers involved: Muñoz Silva, Miguel; Muñoz 
Rubio, Alejandra; Alieva Krasheninnikova, María.
 Modern technologies allow to study the 
distinct aspects involved in tumor progression 
from different angles, such as live imaging for 
tumor cell invasion studies; multiplexed imag-
ing for tumor microenvironment (TME) char-
acterization or single cell transcriptomics to 
quantitively dissect tumor heterogeneity and 
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understanding. Our research is focused 
on understanding cellular complex behav-
ior and function in two key topics within on-
cology: (1) understanding immunotherapy 
mode-of action and heterogeneity in tumor 
response, and (2) investigating the complex 
behavior of tumor invasion. We utilize com-
putational methodologies to extract mean-
ingful insights from imaging data, dissecting 
it to understand the functional outcomes of 
cellular behaviors, the corresponding molec-
ular characteristics, and observe the diversi-
ty of cancer responses to treatment.

complexity. While separately each of these sin-
gle omics approaches can mainly reflect one 
aspect of tumor biology, here we aim to use 
computational integrative approaches to ac-
quire systematic understanding of how these 
different aspects interact and define predic-
tive paths to invasion, providing a workflow to 
bridge phenotypic, molecular and contextu-
al networks driving tumor cell invasion in the 
brain.  

Software development for
imaging based immune oncology assay.
Researchers involved: Miranda de Larra,
Álvaro; Ballesteros Gomez, Ana Karina;
Alieva Krasheninnikova, María.
Recognizing patient variability as a key factor 
in cancer resistance, including in immunother-
apy, emphasizes the importance of screening 
assays, capable of effectively evaluating the 
heterogenous response and mode-of-action 
of the wide panel of cellular immunotherapy 
products currently in available. Our newly de-
veloped live cell imaging platform, BEHAV3D, 
has not only proven its ability to identify signifi-
cant cell populations and functional states that 
result in tumor elimination but has also exhib-
ited potential for enhancing cancer targeting 
in a patient-specific fashion. Nonetheless, its 
current architecture is restricted in its ability to 
handle high-throughput screening of large pa-
tient cohorts. Our goal is to leverage the latest 
advances in AI to adapt our analytical pipeline 
to large scale screening imaging assays.
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RESEARCH LINES:

Overview
Aging is the main factor contributing to Parkin-
son’s (PD) and Alzheimer’s (AD) diseases. These 
chronic, incurable diseases can have debilitat-
ing effects for years. Many brain changes stem 
from local stress networks, such as oxidative 
stress, closely related to inflammatory and 
proteotoxic stress. The research team studies 
protective mechanisms to maintain homeo-
stasis and how these mechanisms could be 

1. Understand the mechanisms of NRF2 reg-
ulation. 

2. Determine its role in protection against 
unwanted redox alterations, chronic in-
flammation and metabolic disturbances, 

3. Find putative biomarkers of NRF2 activity 
4. Identify novel drugs targeting NRF2 that 

could be translated to clinical practice. 

Role of oxidative stress in neuronal
death and neuroinflammation in neurode-
generative diseases
Researchers involved: Cuadrado, A; García-Yagüe, 
AJ; Rojo, AI; Escoll, M; Carnicero-Senabre, D.
We studied the role of oxidative stress in neu-
ronal death and neuroinflammation in neuro-
degenerative diseases, particularly Alzheim-
er’s disease (AD). Our results highlighted how 
oxidative stress contributed to neuronal dam-
age and inflammation, exacerbating neurode-
generative conditions. In neurodegenerative 
diseases, excessive levels of reactive oxygen 
species (ROS) led to lipid peroxidation, protein 
oxidation, and DNA damage, ultimately result-
ing in neuronal death. We emphasized that 
the brain, due to its high oxygen consumption 
and lipid content, was particularly vulnerable 
to oxidative damage. In our studies, we also 
discussed neuroinflammation as a major con-
sequence of oxidative stress. We found that 
the activation of microglia and astrocytes in 
response to oxidative stress led to the release 
of pro-inflammatory cytokines, further dam-
aging neurons. This inflammatory response 
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targeted pharmacologically. The team is fo-
cusing on the transcription factor NRF2, which 
regulates genes involved in stress responses 
and metabolism. Using rodent models and 
pharmacological approaches, we are investi-
gating NRF2’s role in protecting against oxida-
tive damage and neuroinflammation in mod-
els of neurodegenerative diseases. Our main 
objectives are related to: 

created a vicious cycle, where oxidative stress 
and inflammation reinforced each other, ac-
celerating neurodegeneration. In the context 
of Alzheimer’s disease, we linked oxidative 
stress to key pathological hallmarks such as 
amyloid-beta (Aβ) accumulation and tau hy-
perphosphorylation. We suggested that oxi-
dative stress promoted Aβ aggregation, which 
in turn triggered further ROS production, con-
tributing to neuronal dysfunction and synap-
tic loss. We also explored therapeutic strate-
gies targeting oxidative stress and identified 
NRF2 as a promising target. The activation of 
NRF2 enhanced the expression of detoxify-
ing enzymes, reducing oxidative damage and 
neuroinflammation. Several potential drug 
candidates were selected for their ability to 
modulate NRF2 pathways, showing promise 
for neuroprotection. Overall, we provided in-
sight into the critical role of oxidative stress in 
neuronal death and neuroinflammation, high-
lighting its potential as a therapeutic target in 
neurodegenerative diseases like Alzheimer’s.

Validation of NRF2 as a new therapeutic 
target in neurodegenerative diseases. 
Researchers involved: Fernández-Ginés, R; Cua-
drado, A; Lastra, D, Escoll, M; Rojo, AI.
We explored NRF2 as a new therapeutic tar-
get in neurodegenerative diseases by analyz-
ing its role in cellular defense mechanisms. 
We investigated the NRF2 signaling pathway 
and found that it controlled the expression 
of numerous cytoprotective genes, includ-
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ing those involved in detoxification, anti-in-
flammatory responses, and mitochondrial 
function. NRF2 activation mitigated oxidative 
damage by upregulating antioxidant enzymes 
such as heme oxygenase-1 (HO-1) and super-
oxide dismutase (SOD1). We also explored 
the dysfunction of NRF2 in neurodegenera-
tive diseases and found that in conditions like 
Alzheimer’s, Parkinson’s, and Huntington’s 
disease, NRF2 activity was impaired, leading 
to increased oxidative stress and neuroin-
flammation. Pathological factors, such as 
amyloid-beta toxicity and tau aggregation, 
disrupted NRF2 signaling, exacerbating neu-
ronal damage. To validate NRF2 as a thera-
peutic target, we examined pharmacological 
strategies aimed at enhancing its activity. We 
identified searched the literature for reliable 
NRF2 activators and their effects in preclini-
cal models of neurodegeneration. We found 
that compounds such as curcumin, sulfora-
phane, and dimethyl fumarate successfully 
activated NRF2, leading to neuroprotection 
and reduced inflammation. We further vali-
dated some of these findings through in vitro 
and in vivo studies, demonstrating that NRF2 
activation improved neuronal survival and 
cognitive function. Additionally, we assessed 
the translational potential of NRF2-based 
therapies by analyzing results of clinical tri-
als targeting this pathway. We observed that 
NRF2 modulators showed promising results 
in reducing oxidative stress markers and im-
proving disease outcomes in neurodegener-

ative disorders. Overall, our findings support 
the development of NRF2-targeting drugs as 
a potential strategy for mitigating oxidative 
stress, neuroinflammation, and neuronal loss 
in conditions such as Alzheimer’s and Parkin-
son’s disease.

Use of the NRF2 transcriptional signature 
as a biomarker of prognosis, progression 
and therapeutic efficacy 
Researchers involved: García-Yagüe, AJ; Cuadra-
do, A, Rojo, AI; Cazalla, E. 
We analyzed how NRF2-regulated genes re-
flected cellular responses to oxidative stress 
and inflammation, making them potential in-
dicators of disease status and treatment re-
sponse. Our analysis of transcriptomic data 
allowed us to identified a distinct NRF2-driven 
gene expression profile associated with neuro-
degeneration. We found that genes involved in 
antioxidant defense, detoxification, and prote-
ostasis were consistently dysregulated in con-
ditions such as Alzheimer’s and Parkinson’s 
disease. The reduced NRF2 activity correlated 
with increased oxidative damage and neuroin-
flammation, suggesting that its transcriptional 
signature could serve as a prognostic mark-
er. To evaluate the potential of NRF2 as a bi-
omarker for disease progression, we tracked 
its transcriptional activity across different dis-
ease stages. We found that NRF2 target gene 
expression declined as neurodegeneration 
advanced, indicating a progressive loss of cel-
lular defense mechanisms. We also noted that 

individuals with more severe cognitive impair-
ment exhibited lower NRF2-related gene ex-
pression, reinforcing its value as a progression 
marker. We further assessed the utility of the 
NRF2 signature in monitoring therapeutic effi-
cacy. We analyzed drug treatments known to 
activate NRF2 and found that successful NRF2 
modulation resulted in the upregulation of its 
downstream genes. We validated this effect 
using both in vitro and in vivo models, demon-
strating that NRF2 activation correlated with 
reduced neuronal damage and improved cog-
nitive outcomes. Additionally, we explored the 
potential integration of NRF2 transcriptional 
profiling into clinical practice. We proposed that 
NRF2 gene expression patterns could be used 
to stratify patients, predict treatment respons-
es, and optimize therapeutic strategies in neu-
rodegenerative diseases.

Identification of NRF2-activating compounds 
by inhibiting its interaction with β-TrCP.
Researchers involved: Fernández-Ginés, R; Cuad-
rado, A; García-Yagüe, AJ; Rojo, AI; Debasa, M.The 
β-TrCP protein is part of the SCF (Skp1-Cull-
in-F-box) E3 ubiquitin ligase complex, and 
targets NRF2 for proteasomal degradation, 
reducing its transcriptional activity and dis-
rupting this interaction stabilized NRF2 and 
enhanced its ability to regulate cytoprotective 
genes. To identify potential NRF2-activating 
compounds, we screened chemical libraries 
for small molecules capable of selectively in-
hibiting NRF2-β-TrCP binding. We employed 

computational docking and molecular dy-
namics simulations to predict compounds 
that could interfere with key binding sites. We 
prioritized candidates based on their bind-
ing affinity, specificity, and ability to prevent 
NRF2 ubiquitination. Then, we experimentally 
validated the most promising compounds in 
cellular models and found selected inhibitors 
that effectively stabilized NRF2, leading to 
increased expression of its downstream tar-
gets such as heme oxygenase-1 (HO-1) and 
superoxide dismutase (SOD1). We also ob-
served reduced markers of oxidative stress 
and inflammation in treated neuronal cells, 
confirming their neuroprotective potential. 
Furthermore, we evaluated the pharmacoki-
netic properties and safety profiles of these 
compounds, identifying candidates suita-
ble for further preclinical development. We 
proposed that NRF2-β-TrCP inhibitors could 
serve as novel therapeutic agents for neuro-
degenerative diseases, enhancing NRF2 activ-
ity independently of KEAP1 regulation.

NRF2: biomarker and evaluation as a ther-
apeutic target for Amyotrophic Lateral 
Sclerosis
Researchers involved: Rojo, AI; Jiménez-Villegas, J.
There is an urgent need for biomarkers and 
disease-modifying strategies for Amyotrophic 
Lateral Sclerosis (ALS). Although pharmaco-
logical activation of NRF2 has shown benefits 
in other neurodegenerative models, its role in 
ALS is not well-studied. We found that NRF2 
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dysfunction contributed to motor neuron de-
generation by reducing cellular antioxidant 
defenses, leading to increased reactive oxy-
gen species (ROS) and mitochondrial damage. 
NRF2 transcriptional activity in ALS patient 
samples is significantly downregulated lead-
ing to impaired antioxidant responses. We 
propose that NRF2 expression levels could 
serve as a biomarker for disease progression, 
as lower NRF2 activity correlated with more 
severe motor impairment and faster disease 
progression. Durinf this year we have pro-
gressed to: 1) Validate NRF2-selective drugs in 
preclinical ALS models using dimethyl fuma-
rate (DMF) 2) Identify predictive biomarkers 
by analyzing NRF2 transcriptional signatures 
in ALS patients’ white blood cells. 3) Strength-
en collaborations with the biopharmaceutical 
industry.
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Neuroprotective Peptides in
Excitotoxicity and Stroke

RESEARCH LINES:

Overview
Ischemic stroke is a leading cause of death, 
disability and dementia with limited therapies 
available to restrict brain damage or improve 
functional recovery after ischemia. A promis-
ing approach is restriction of neuronal death 

thyl-D-aspartate type of glutamate receptors 
(NMDARs), main cause of excitotoxicity, or 
protection of survival pathways negatively 
affected by ischemia. Some proteins, such as 
postsynaptic density protein-95 (PSD-95) or 
tropomyosin-related kinase B receptor (TrkB) 
have dual roles in survival-death choices and, 
therefore, are promising targets for both 
types of strategies. 
 Our work is focused in the characteriza-
tion of the mechanisms of excitotoxicity, the 
identification of molecules of therapeutic and 
diagnostic interest, and the development of 
relevant neuroprotective peptides to treat 
stroke but also other acute or chronic CNS 
pathologies associated with excitotoxicity.

PSD-95 stabilization as a relevant
target for stroke therapy
PSD-95 is critical to assembly of PSD signaling 
complexes at excitatory synapses, required 
for neuronal survival and function. However, 
calpain processing challenges function of this 
protein in stroke due to induction of excito-
toxicity. Therefore, interference of this PSD-
95 processing might be a therapeutic target 
for stroke and other excitotoxicity-associated 
pathologies. To investigate this hypothesis, we 
started by analyzing the nature and stability 
of the PSD-95 fragments produced by calpain 
using a combination of in vitro assays with 
purified enzyme or excitotoxic conditions, 
induced in rat primary neuronal cultures by 
NMDAR overactivation or a mouse model of 
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by excitotoxicity occurring in the infarct pe-
numbra, a potentially recoverable area. Two 
alternative strategies are currently under 
exploration: interference of death signaling 
downstream overactivation of the N-me-

permanent stroke. We then sequenced PSD-
95 cleavage-sites and demonstrated that 
calpain processes three interdomain linker 
regions in this protein and produces stable 
fragments corresponding to previously de-
scribed PSD-95 supramodules (PDZ1-2 and 
PDZ3-SH3-GK) as well as a truncated form 
SH3-GK. These results allowed rationally de-
sign three cell-penetrating peptides (CPPs) 
containing the PSD-95 cleavage sequences. 
CPPs are very promising molecules for treat-
ment of CNS diseases since they can cross 
the blood-brain barrier and have low toxici-
ty. The effects of the generated peptides on 
PSD-95 stability and neuronal viability were 
investigated in cultured neurons subjected 
to excitotoxicity. Only MTP95414, containing 
the cleavage site in the PDZ3-SH3 linker, was 
able to interfere PSD-95 downregulation and 
reduce neuronal death by in vitro excitotox-
icity. This peptide has also great potential for 
ischemia therapy since it is efficiently deliv-
ered to mice cortex after intravenous injec-
tion and significantly improves neurological 
outcome in a preclinical model of stroke af-
ter brain damage.

Interference of TrkB-FL retrograde
transport as a novel target
for stroke treatment
The full-length isoform of TrkB (TrkB-FL) is 
the high-affinity receptor for brain-derived 
neurotrophic factor (BDNF), a binding that in-
duces signaling pathways regulating, among 
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others, neuronal survival. However, BDNF/
TrkB-FL signaling becomes aberrant in stroke 
and neurodegenerative diseases, mainly due 
to receptor calpain-processing secondary to 
TrkB-FL endocytosis induced by excitotoxici-
ty. We previously designed a neuroprotective 
CPP containing a TrkB-FL sequence, MTFL457, 
which efficiently prevents excitotoxicity-in-
duced receptor processing and neuronal 
death by a PLCγ-dependent mechanism. In 
the stroke model, MTFL457 decreases the 
infarct size and improves the neurological 
outcome. Our recent results show that recep-
tor endocytosis induced by excitotoxicity is 
followed by TrkB-FL interaction with hepato-
cyte growth factor-regulated tyrosine kinase 
substrate (Hrs), retrograde transport to Golgi 
apparatus (GA) and organelle disruption, con-
sidered as a hallmark of neurodegenerative 
diseases. Interestingly, MTFL457 efficiently in-
terferes TrkB-FL/Hrs interaction and receptor 
trafficking, required for excitotoxic GA frag-
mentation and TrkB-FL cleavage. Thus, TrkB-
FL has a central role in GA stability, and pep-
tide MTFL457 might preserve GA function and 
promote neuronal survival not only in stroke 
but also other neurodegenerative diseases.
 We are also investigating MTFL457 poten-
tial to prevent cochlear synaptopathy (with I. 
Varela’s group), induced by excitotoxicity or 
decreased neurotrophic support in the inner 
ear, or promote oligodendrocyte survival in 
models of multiple sclerosis (with C. Dreyfus).

TrkB-T1 as a target
for neuroprotection
In addition to TrkB-FL, neurons express a 
truncated isoform lacking the tyrosine ki-
nase domain, TrkB-T1, which acts as a TrkB-
FL dominant negative mutant and is involved 
in death pathways. TrkB-T1, which is also ex-
pressed in astrocytes, has TrkB-FL-independ-
ent functions, probably mediated by protein 
interactions established by a highly conserved 
intracellular sequence. Excitotoxicity alters 
TrkB-T1 levels and activity by mechanisms 
that include transcriptional upregulation, 
regulated intramembrane proteolysis (RIP), 
producing a receptor ectodomain acting as a 
BDNF-scavenger and intracellular fragments 
(ICDs) of unknown function and, probably, 
changes in protein interactions. As neuropro-
tective strategies, we are developing peptides 
to prevent TrkB-T1 cleavage by metallopro-
teinases, first and obligatory step for RIP, or 
interfere protein interactions established by 
this isoform intracellular sequences. In addi-
tion, TrkB-T1-containing CPPs are interesting 
to model damage induced by ICDs to neurons 
and astrocytes, investigate ICDs transcrip-
tional activity and identify TrkB-T1-interacting 
proteins.
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Overview
Our research group is committed to advanc-
ing the understanding of the pathophysiol-
ogy and disease mechanisms in the central 
nervous system (CNS) related to rare disor-
ders associated with thyroid hormone sig-
naling defects. Our research aims to char-
acterize potential therapeutic targets and 
innovative approaches that can facilitate the 
development of therapeutic strategies for 
these conditions. Furthermore, our investi-
gations will enhance our comprehension of 
the role thyroid hormones play in brain func-
tion and plasticity.
 We are interested in investigating the 
pathophysiology underlying an X-linked, in-
herited rare disease caused by mutations in 
the Monocarboxylate transporter 8 (MCT8), 
a specific thyroid hormone transporter. 
This condition is known as the Allan-Hern-
don-Dudley syndrome (AHDS) or MCT8 defi-
ciency. It results in peripheral hyperthyroid-
ism and profound neurological impairments, 
mainly attributed to brain hypothyroidism. 
However, the underlying pathophysiological 
mechanisms remain poorly understood.

To achieve our goals:
• We investigate the phenotype of several 

animal models, some of which have been 
developed in our laboratory. These models 
are animals with congenital hypothyroid-

ism, animals deficient in MCT8, the main 
transporter of thyroid hormones in brain 
barriers and neural cells, and animals de-
ficient in proteins involved in the metabo-
lism and action of thyroid hormones.

• We use different experimental approach-
es, mainly in vivo studies. In addition, we 
perform preclinical studies with animal 
models of AHDS to test the action of dif-
ferent thyroid hormone analogs on thy-
roid hormone target neural cells under 
MCT8-deficient conditions.

• We analyze the histopathology of human 
autopsy brain tissue from patients with a 
genetic diagnosis of AHDS.

Exploring the pathophysiology underly-
ing MCT8 deficiency
Researchers involved: Bárez-López, S; García-Al-
dea, A; Guadaño-Ferraz, A; Grijota-Martínez, C; 
Guillén-Yunta, M; Montero-Pedrazuela, A; Rau-
sell, E; Valcárcel-Hernández, V; Wang, T; Wang, Y.
Our current and future general objective is 
to contribute to the understanding of how 
MCT8 deficiency leads to neurological dete-
rioration in affected patients. To this end, we 
are working in this research line using differ-
ent strategies or approaches: 
1. To study histopathological alterations in 

the CNS of affected patients with different 
histological techniques and immunohisto-
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chemistry, and magnetic resonance imag-
ing techniques, as well as other non-invasive 
techniques to evaluate motor alterations 

2. To investigate the spatiotemporal expres-
sion pattern of MCT8 in the human and 
non-human primate brain, both during 
development and in juvenile stages to 
characterize the subpopulations of neu-
ral cells that express MCT8 specifically. 
Knowing which cells and at what time may 
require MCT8 for proper development or 
function is fundamental for the develop-
ment of therapies for the disease, espe-
cially gene therapies. These studies will 
also contribute to a better understanding 
of the role of MCT8 in the human brain.

Our studies investigating the expression of 
thyroid hormone transporters MCT8 and 
OATP1C1 in the human and non-human 
primate brain, highlight their crucial role 
in motor system regulation and brain ho-
meostasis. Immunohistochemical analysis 
in human and primate motor cortices re-
vealed that both transporters are present in 
long-projection pyramidal neurons, GABAer-
gic interneurons, and astrocytes. MCT8 was 
identified at the neurovascular unit, where-
as OATP1C1 appeared only in certain large 
vessels and, unexpectedly, in human-specific 
Corpora amylacea aggregates. These find-
ings suggest that MCT8 and OATP1C1 mod-
ulate excitatory/inhibitory motor circuits, 
explaining the severe motor impairments 

seen in transporter deficiency syndromes. 
Further investigation in basal ganglia circuits 
showed MCT8/OATP1C1 expression in medi-
um-sized spiny neurons of the striatum, lo-
cal interneurons (including cholinergic cells), 
and projection neurons of the intrinsic and 
output nuclei. Their presence in the motor 
thalamus and nucleus basalis of Meynert 
suggests a key role in motor system modula-
tion. Transporter dysfunction likely disrupts 
basal ganglia circuits, leading to profound 
movement disorders.
 Years ago, we provided the first descrip-
tion available regarding the anatomical and 
cellular defects caused by MCT8 deficiency 
in the brain of a human fetus and a child. 
Recently we have further analyzed the brain 
pathophysiology of MCT8-deficient brains 
using brain samples from an MCT8-deficient 
patient and a validated mouse model of the 
syndrome: Mct8/Dio2KO mice. Using histo-
logical, ultraestructural, magnetic resonance 
imaging and in vivo blood brain barrier per-
meability studies we found that in MCT8-de-
ficient humans and Mct8/Dio2KO mice exists 
neurovascular alterations, including blood-
brain barrier (BBB) disruption, increased per-
meability, and impaired angiogenesis. These 
findings introduce vascular dysfunction as a 
novel AHDS pathophysiological mechanism 
and propose magnetic resonance angiogra-
phy as a potential non-invasive tool for dis-
ease monitoring and therapeutic targeting.

To develop therapies to alleviate the neuro-
logical alterations due to MCT8 deficiency
Researchers involved: Bárez-López, S; García-Al-
dea, A; Guadaño-Ferraz, A; Grijota-Martínez, C; 
Guillén-Yunta, M; Montero-Pedrazuela, A; Valcár-
cel-Hernández, V.
MCT8 deficiency is a rare disorder causing 
peripheral hyperthyroidism and cerebral 
hypothyroidism, leading to severe neuro-
logical impairments. As there is currently no 
effective treatment to ameliorate the brain 
impairments in MCT8-deficient patients, we 
have dedicated significant efforts to develop-
ing therapeutic strategies to address these 
issues. The brain impairments in the AHDS 
mainly result from impaired thyroid hormone 
transport to the brain across the blood-brain 
barrier. In view of this, we have conducted 
preclinical studies using thyroid hormone an-
alogs that can be transported across plasma 
membranes in the absence of MCT8. 
 The thyroid hormone analog TRIAC is cur-
rently widely used to normalize the peripheral 
hyperthyroidism of MCT8-deficient patients. 
We explore the potential of TRIAC to access the 
MCT8-deficient brain and exert thyromimetic 
actions. As in previous studies systemic treat-
ment with TRIAC was not able to reach the brain 
in sufficient amounts to detect the analog and 
mediate the expression of T3-target genes in 
MCT8-deficiency, we investigated the effects of 
intracerebroventricular (ICV) administration of a 
high-dose TRIAC in juvenile Mct8/Dio2 KO mice. 
As expected, the treatment normalized periph-

eral hyperthyroidism without worsening brain 
hypothyroidism. However, while TRIAC content 
increased in several brain regions, its thyro-
mimetic effects were limited to specific areas. 
These findings indicate that ICV TRIAC adminis-
tration provides only modest benefits for brain 
function. We collaborated for these studies with 
Dr. Refetoff’s group, one of the two research 
teams that discovered the etiology of AHDS.
 We also further explore the potential of 
another thyroid hormone analog, Sobetirome, 
as we demonstrated in previous studies that 
it was able to reach the brain and drive the 
expression of Thyroid hormone-target genes, 
making Sobetirome a more promising candi-
date. We tested the effects of Sobetirome and 
its CNS-selective prodrug, Sob-AM2, in preg-
nant mice carrying Mct8/Dio2 KO fetuses. So-
betirome treatment led to spontaneous abor-
tions, whereas Sob-AM2 successfully crossed 
both the placental and fetal brain barriers, 
exerting thyromimetic effects in fetal tissues 
by modulating the expression of thyroid hor-
mone-dependent genes in the liver and brain. 
These findings suggest that early interven-
tions with Sob-AM2 could address cerebral 
hypothyroidism from fetal stages, potentially 
preventing neurodevelopmental deficits in 
MCT8-deficient individuals.
 In view of all these results, we continue ex-
ploring Sobetirome and Sob-AM2 as a promis-
ing therapy to improve the neurological con-
dition of MCT8-deficient patients, performing 
preclinical studies in disease animal models.
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Overview
Our group investigates cellular and molec-
ular mechanisms underlying dementia and 
neurodegeneration searching for neuropro-
tection strategies. Dementia is a chronic and 
progressive syndrome affecting about 50% of 
adults aged over 85. It is characterized by cog-
nitive impairment and loss of memory that 
is accompanied by a decline in the ability to 
perform daily activities. Increased life expec-
tancy and growth in elderly population makes 
this condition increasingly common. An esti-
mated 50 million people in the world lived 
with dementia in the last year, and 10 million 
new cases are recorded each year. Causes 
of dementia are multiple, including chronic 
neurodegenerative diseases, such as Parkin-
son’s disease, Huntington’s disease (HD) and 
Alzheimer’s disease (AD). Among these, AD 
is the most common form, accounting for 60–
70% of cases. Contributing to this percentage 
is idiopathic Normal Pressure Hydrocepha-
lus (iNPH), the major form of chronic hydro-
cephalus in adults, a disease characterized by 
cerebrospinal fluid accumulation, ventricu-
lar enlargement and dementia. The second 
most common cause of dementia is vascular 
dementia, representing 20% of cases, with 
ischemic stroke as the major cause account-
ing for approximately 80% of all cases. In is-
chemic stroke, obstruction of cerebral blood 
vessels decreases blood flow, compromising 

glucose and oxygen supply and therefore 
provoking a dramatic tissue necrotic injury, 
with massive primary neuronal death at the 
ischemic core. As a consequence, dying neu-
rons release high amounts of the excitatory 
neurotransmitter glutamate that generates a 
second wave of apoptotic neuronal death in 
peripheral areas surrounding the nucleus of 
the infarct thus exacerbating the initial injury. 
The primary cause of this secondary neuronal 
death is known as excitotoxicity. We study 
PKD1 (Protein Kinase D1) and Kidins220 
(Kinase D interacting substrate of 220kDa), 
two molecules we have shown to be key for 
neuronal survival and neurogenesis and that 
potentiate neuroprotection from excitotoxic-
ity. We work on elucidating the role of both 
proteins in neurological diseases associated 
with dementia and that suffer neuronal loss 
after acute brain damage or by chronic neu-
rodegeneration. We performed seminal stud-
ies on PKD1 function in neurons, and have 
demonstrated its highly neuroprotective role. 
We have also identified Kidins220 decreases 
in stroke and is also altered in human HD, AD 
and iNPH brain. More recently, we have dis-
covered the molecular mechanisms by which 
deficiencies in Kidins220 lead to hydroceph-
alus, opening novel pathways for therapeutic 
intervention of this condition that lacks phar-
macological treatment.
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Neurogenic defects in Kidins220 deficient mice in the hippocampus. 
Staining for the neuroblast marker doublecortin (DCX, green) and DAPI 
(blue) at the subgranular zone (SGZ) of the dentate gyrus (DG) in the 
hippocampus of WT (left pannel) and Kidins220Gaps (right pannel) 
mice.
Kidins220 deficiency in adult neural stem cells (NSCs) markedly de-
creases type 2 cycling progenitors and the concomitant emergence 
of DCX+ neuroblasts and adult-born neurons, indicating that survival 
might be compromised in NSC-derived progeny when Kidins220 levels 
drop in the DG. Scale bar: 20 um.
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PKD1 role in brain function and as neuro-
protective molecule 
Researchers involved: López C; Sánchez-Miranda, 
L; Prudencio, M; Sanz, M; González, A.; 
Preventing excitotoxicity may confer neuro-
protection in a broad range of human neuro-
pathologies. Previous results from our group 
have shown that PKD1 potentiates a free-rad-
ical detoxification pathway that is shut-off by 
excitotoxicity, and that constitutively active 
PKD1 is highly neuroprotective in vitro and in 
vivo. We aim to assay the therapeutic potential 
of active PKD1 AAVs particles in preclinical stud-
ies of neurodegenerative disease mouse mod-
els. We are also investigating PKD1 regulation 
of brain physiological functions and other cer-
ebral pathological processes, such as neuroin-
flammation, using selective inhibitors and con-
ditional neuronal and astrocytic Prkd1-KO mice.

Pathophysiological mechanisms associat-
ed with KIDINS220 deficiencies.
Researchers involved: Simón, A; López, C; Pruden-
cio, M; Sanz, M.
Using Kidins220-deficient mice we have found 
an unanticipated role of Kidins220 as a critical 
regulator of the SNX27-retromer, a complex 
that redirects endocytosed cargos to the cell 
surface, avoiding their lysosomal degrada-

tion. We have also demonstrated that the wa-
ter channel AQP4 is a novel SNX27-retromer 
cargo. These new data have prompted us to 
analyse in detail the involvement of Kidins220 
in the fine-tuning of endosomal recycling of 
different cargos crucial for brain function, 
such as AQP4. Via downregulating SNX27-ret-
romer and AQP4 levels, Kidins220 deficiency 
induces ventriculomegaly, constituting Ki-
dins220 deficient mice a novel model to an-
alyse hydrocephalus molecular mechanisms 
and therapies (Mol. Psychiatry, 2021 and inter-
national patent PCT/EP2022/061794). Patho-
genic variants in KIDINS220 gene are associat-
ed with a novel rare syndrome characterized 
by spastic paraplegia, intellectual disability, 
nystagmus and obesity (SINO syndrome). 
Importantly, SINO syndrome children show 
ventriculomegaly that resembles that of 
Kidins220 deficient mice. More recently, we 
have identified Kidins220 as a key player for 
sensing the availability of growth factors to 
sustain Neural Stem Cells (NSCs) growth and 
expansion in adult neurogenesis (Figure 1), 
uncovering a molecular link that may help 
paving the way towards neurorepair (Cell 
Death Dis., 2023). We are investigating SINO 
syndrome etiopathology in an international 
collaborative framework.
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RESEARCH LINES:

Overview
As our society’s population grows older, we 
face mounting challenges in healthcare and 
social support systems. The rise in age-re-
lated conditions brings increased physical 
limitations and illnesses, creating significant 
strain not only on medical resources but 
also on those affected and their loved ones. 
Among the most concerning aspects of aging 
are neurodegenerative conditions, particu-
larly frontotemporal dementia (FTD), Parkin-
son’s disease (PD), and amyotrophic lateral 
sclerosis (ALS). A critical societal priority is 

Amyotrophic Lateral Sclerosis (ALS):
Analysis of RNA Transport
and In Situ Protein Translation:
STAUFEN 1/2 Involvement?
Researchers involved: Silva-Llanes, I;
Lastres-Becker, I
Amyotrophic Lateral Sclerosis (ALS) is a fatal 
neurodegenerative disease that affects mo-
tor neurons in the spinal cord and cerebral 
cortex. Patients experience progressive loss 
of muscle strength and coordination, which 
increasingly impairs their ability to perform 
daily activities. Currently, there is no cure for 
ALS, which is why our laboratory is developing 
several research lines aimed at addressing 
this challenge through the design and devel-
opment of new therapies for ALS treatment. 
One of the main characteristics of ALS is the 
presence of alterations in mRNA metabolism 
and dysregulated axonal transport. For this 
reason, in a project funded by FUNDELA, we 
are investigating whether TDP-43 aggregates 
sequester RNA-binding proteins, preventing 
them from performing their function. This 
could mean that mRNA molecules don’t reach 
synaptic connections and cannot be translat-
ed, leading to a breakdown in neuron-mus-
cle communication, which ultimately results 
in the loss of muscle function. Therefore, 
we are studying RNA granule transport and 
in situ protein translation in ALS, specifically 
focusing on determining the involvement of 
STAUFEN and TDP-43 proteins.

PRINCIPAL INVESTIGATOR
Lastres Becker, Isabel

STAFF INVESTIGATOR
Brackhan, Mirjam

VISITING SCIENTIST
Smith, Lilia

PRE-DOCTORAL INVESTIGATOR
Silva Llanes, Ignacio 

UNDERGRADUATE STUDENT
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developing effective treatments for these 
conditions, which requires advances in bio-
marker identification, pharmaceutical devel-
opment, and technological innovation. Our 
laboratory focuses on understanding neu-
rodegeneration at the molecular level. We 
employ a comprehensive research strategy 
that bridges fundamental science with clini-
cal applications, utilizing various experimen-
tal approaches including cell cultures, mouse 
models, and analysis of tissue samples from 
individuals who had FTD, PD, and ALS.

Frontotemporal Dementia:
Research on Therapies to Modulate
TDP-43 and TAU Proteins Associated
with Neurodegeneration
Researchers involved: Silva-Llanes, I; Berrojo-Ar-
misen, A; Lastres-Becker, I.
Frontotemporal dementia (FTD) is an ear-
ly-onset progressive neurodegenerative dis-
ease primarily characterized by neuronal de-
generation in the frontal and temporal lobes, 
followed by hippocampal atrophy. FTD is the 
second most common cause of dementia in 
adult patients and the most frequent in pa-
tients under 65 years of age. From a molec-
ular perspective, FTD is mainly characterized 
by aggregates of TAU or TDP-43 proteins. 
There is also a dysregulation of redox home-
ostasis and low-grade chronic neuroinflam-
mation. Currently, there is no approved ef-
fective treatment for FTD that can modulate 
the course of the disease. In recent years, 
we have identified the transcription factor 
NRF2 as a key factor in limiting the neurode-
generative process. NRF2 has a very broad 
spectrum of action in different cellular pro-
cesses. Therefore, our objective is to repur-
pose the use of dimethyl fumarate for the 
treatment of FTD patients, whether TAU or 
TDP-43-related, and we believe this would 
greatly benefit these patients who currently 
lack treatment to slow down the degenera-
tive process.
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CB2 Cannabinoid Receptor Modulation 
as a New Therapeutic Strategy to
Protect Against TAU-dependent FTD
Neurodegeneration
Researchers involved: Silva-Llanes, I;
Brakhan, M; Lastres-Becker, I.

TAU protein is the main component of intra-
cellular filamentous deposits that define a 
series of neurodegenerative diseases called 
tauopathies. Generally, tauopathies are char-
acterized by alterations in synaptic plasticity, 
cell death, proteinopathy, and neuroinflam-
mation. Despite enormous efforts to find a 
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cure for these diseases, an effective treat-
ment does not yet exist. In our laboratory, we 
approach this challenge with two different 
approaches. We have demonstrated both in 
vitro and in vivo that neurons with TAU accu-
mulation induce the expression of the CB2 
cannabinoid receptor, which enhances neu-
rodegeneration. Therefore, in our first ap-
proach, we focus on studying the pharmaco-
logical modulation of the CB2 receptor and its 
effects on TAU-induced neurodegeneration. 
Currently, there are no specific biomarkers 
for tauopathies that would allow for progno-
sis/diagnosis of these diseases.
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Overview
Our laboratory is dedicated to advancing 
personalized medicine through the innova-
tive use of multimodal biomedical imaging, 
particularly in oncology, neurology, and obe-
sity. We aim to develop novel, non-invasive 
biomarkers that offer critical insights into 
the progression of diseases like obesity and 
cancer, facilitating tailored therapeutic ap-
proaches. With a strong preclinical focus 
and multidisciplinary expertise, our group 
utilizes magnetic resonance imaging (MRI) 
and spectroscopy (MRS) for comprehensive 
characterization of animal models of neu-
ropathologies in vivo, ex vivo, and in vitro. 
We combine these with the use of positron 
emission tomography (PET) for a better un-
derstanding of the molecular mechanism 
of the process studied. Our primary goal is 
to identify and translate preclinical imaging 
biomarkers into clinically relevant diagnos-
tic and prognostic tools, as well as for early 
validation of therapeutic interventions. The 
non-invasive nature and translational poten-
tial of preclinical imaging provide valuable 
insights into key parameters such as vascu-
larization, cellularity, oxygenation, pH, and 
metabolism.

Multiparametric and Multimodal Imaging 
of Neuroinflammation
Researchers involved: Lopez Larrubia, Pilar; Li-
zarbe Serra, Blanca.
Neuroinflammation is a complex biological 
process crucial to various neurological dis-
eases, yet accurately assessing it in vivo pos-
es significant challenges. Current methods 
often rely on invasive techniques, limiting 
their clinical use. To overcome this, our re-
search focuses on developing a specialized 
imaging environment using MRI, MRSI, and 
hybrid PET/MRI techniques. We have suc-
cessfully implemented protocols for MRI—in-
cluding T1, T2, T2*, MT, diffusion, perfusion, 
and functional imaging—as well as MRSI and 
hybrid MRI/PET techniques. An optimal pro-
tocol for characterizing neuroinflammation 
has been established, excluding perfusion 
and MRSI while incorporating ex vivo MRS. 
Additionally, we developed a software plat-
form for automated processing and analysis 
of imaging data. These efforts aim to provide 
non-invasive, quantitative methods for as-
sessing neuroinflammation in vivo, enhanc-
ing our understanding of its role in disease 
pathogenesis and progression.

PRINCIPAL INVESTIGATOR
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Neuroinflammation in Glioblastoma and 
Other Neurological Disorders
Researchers involved: Lopez Larrubia, Pilar
Glioblastoma is a highly aggressive brain tu-
mor significantly influenced by its surround-
ing neuroinflammatory environment, making 
it essential to understand their interplay for 
developing effective therapeutic strategies. 
Neuroinflammation also plays a role in the 
pathogenesis of various neurological disor-
ders, including obesity and brain trauma. We 
have examined the role of neuroinflamma-
tion in glioblastoma’s progression, character-
izing the neuroinflammatory response using 
MRI in both wild-type and transgenic animal 
models. Our research also explores the re-
lationship between neuroinflammation and 
obesity within the context of glioblastoma. 
Furthermore, we have collected and analyz-
ed MRI data from human glioblastoma pa-
tients, setting the stage for clinical translation 
of our findings. These studies aim to provide 
insights into the mechanisms of neuroinflam-
mation in these diseases and identify poten-
tial therapeutic targets.

Interaction between cancer metabolism 
and cancer acquire immune resistance in 
triple negative breast cancer models.
Researchers involved: Pacheco Torres, Jesús
Immunotherapies have shown promise in 
cancer treatment, but tumors like glioblas-
toma and triple-negative breast cancers of-

ten do not respond. We investigated the re-
lationship between tumor metabolism and 
immune checkpoint expression, focusing on 
PD-L1. Our findings revealed an inverse re-
lationship between metabolism and PD-L1 
across genomic, proteomic, and metabolomic 
levels, highlighting various inflammation sig-
naling pathways as key factors in this interac-
tion. We identified previously unknown roles 
for PD-L1 in cancer cell metabolic reprogram-
ming and discovered that downregulation of 
choline kinase alpha enhances the immuno-
suppressive effects of PD-L1. These observa-
tions offer new insights that could guide the 
rational design of combinatorial therapies 
targeting both immune checkpoints and can-
cer metabolism.

Immunotherapy in glioblastoma: a multi-
modal approach. 
Researchers involved: Pacheco Torres, Jesús; Lo-
pez Larrubia, Pilar.
Cancer immunotherapies have revolution-
ized treatment for some cancers, but their 
effectiveness against glioblastoma (GBM), 
an aggressive brain tumor, remains limited. 
GBM’s resistance to immunotherapy is like-
ly due to factors like tumor metabolism, an 
immunosuppressive environment, and high 
heterogeneity. To overcome these challeng-
es, we are employing a multimodal imaging 
approach, combining Magnetic Resonance 
Imaging (MRI), Spectroscopy (MRS), and hy-

brid MRI-Positron Emission Tomography 
(PET) with molecular biology techniques. This 
approach will help us understand the mech-
anisms behind GBM’s resistance to immuno-
therapy and develop imaging-based biomark-
ers to guide the design and personalization 
of more effective combinatorial therapies for 
patients with GBM.

Cerebral mechanisms underlying obesity 
development and treatment. 
Researchers involved: Lizarbe Serra, Blanca.
Obesity is a chronic disease linked to sever-
al comorbidities, including type 2 diabetes, 
cardiovascular disease, hypertension, certain 
cancers, and a higher risk of neurodegener-
ative disorders. Current strategies to com-
bat obesity focus on prevention, promoting 
healthy lifestyles, and providing palliative 
medical treatment for its comorbidities. Bari-
atric surgery has proven to be highly effective 
in restoring non-obese body mass indexes. It 
also induces changes in global metabolism, 
gut microbiota, and brain function. Concur-
rently, research into anti-obesity pharmaceu-
ticals is showing promising preclinical results. 
Notably, celastrol, has emerged as a promis-
ing anti-obesity and anti-inflammatory agent. 
Both bariatric surgery and celastrol work by 
deactivating inflammation in the hypothala-
mus, a key brain region regulating appetite 
and energy homeostasis, though the exact 
mechanisms remain unclear. Other brain are-
as, such as the mesocorticolimbic and reward 

centers, also play roles in controlling food in-
take and exhibit inflammation during obesity. 
Recent evidence suggests that the initial de-
gree of inflammation may directly influence 
the success of anti-obesity treatments. Our 
research develops and implements MRI and 
spectroscopy methods to show that these 
techniques can detect appetite and high-fat 
diet-induced changes in the mouse hypothal-
amus in vivo. We aim to uncover the mecha-
nisms of obesity onset and reversal through 
MRI, histology, and blood sampling. The hy-
pothesis is that the identified biomarkers will 
have predictive value, potentially determining 
the best anti-obesity therapy on an individual 
basis.
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Overview
Primary cilia are microtubule-based plas-
ma membrane protrusions that function as 
cell type-specific cellular “antennae”. These 
antennae are essential for multiple aspects 
of human development and adult physiolo-
gy. Accordingly, cilia malfunction causes cili-
opathies, a diverse group of diseases whose 
most common manifestations include reti-
nal degeneration, kidney cysts, obesity, and 
congenital malformations of brain, heart 
and skeleton. 
 To perform their sensory functions, 
these ciliary “antennae” must first be tuned: 

Second line of research
Researchers involved: Barbeito, P; Martin-Morales, 
R; Balverde-Caballero, FB; Garcia-Gonzalo, FR.
Identification of ciliary localization signals 
(CLSs) in ciliary G protein-coupled receptors 
(GPCRs), and characterization of their ciliary 
targeting mechanisms.
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all receptors and transducers needed for re-
ception and transmission of a given signal 
must accumulate within cilia. The main focus 
of our lab is how these cellular sorting of cil-
iary proteins occurs, and its physiopatholog-
ical implications. 

First line of research
Researchers involved: Martin-Morales, R;
Barbeito, P; Garcia-Gonzalo, FR.
Ciliary targeting and functions of INPP5E, a 
phosphoinositide phosphatase implicated in 
Joubert syndrome.

Third line of research
Researchers involved: Barbeito, P; Martin-Mora-
les, R; Garcia-Gonzalo, FR.
Characterization of ciliary targeting and func-
tions of EVC-EVC2, a protein complex involved 
in Ellis van Creveld syndrome.
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Overview
Our research focuses on studying the patho-
logical mechanisms of rare diseases related 
to defects in autophagy and endo-lysoso-
mal trafficking. Mutations in genes encod-
ing the WIPI and VPS13 protein families 
give rise to various rare diseases such as 
BPAN (due to mutations in WDR45 encod-

The autophagic machinery
and its regulation
Researchers involved: Vincent, Olivier; Escalante, 
Ricardo; Navas, María de los Ángeles; Bueno, Mi-
randa; Antón, Laura.
Autophagy is an evolutionarily conserved 
process of cellular degradation in eukaryotes. 
In response to stressors like starvation or cel-
lular stress, portions of the cytoplasm are se-
questered within double-membrane vesicles 
known as autophagosomes. These structures 
subsequently fuse with lysosomes, where 
their contents are degraded. Beyond its role 
in cellular homeostasis, autophagy is pivotal 
in clearing protein aggregates, damaged or-
ganelles, and invading pathogens. Given its 
broad implications in various pathologies and 
the aging process, we are actively exploring 
the molecular mechanisms underlying auto-
phagosome biogenesis, including the identifi-
cation of novel proteins through genetic and 
protein-protein interaction studies.

Characterization of WIPI4 and
its role in BPAN disease
Researchers involved: Escalante, Ricardo; Vin-
cent, Olivier; Navas, María de los Ángeles; Bueno, 
Miranda; Antón, Laura. 
Autophagy plays a crucial role in maintaining 
cellular homeostasis, and its dysregulation is 
directly linked to numerous human diseases. 
Some of these diseases are very prevalent, 
such as neurodegenerative diseases and can-
cer, while others are rare diseases, including 
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ASSOCIATED INVESTIGATOR
Navas Hernández, María Ángeles

PRE-DOCTORAL INVESTIGATOR
Bueno Arribas, Miranda
Antón Esteban, Laura

MASTER THESIS STUDENT
Roque Guerra, Airam Santiago 
López Tavares, Alejandro

UNDERGRADUATE STUDENT
Sánchez Marín, Miguel

TECHNICAL SUPPORT PERSONNEL
Cruz Cuevas, Celia
Collado Sánchez, Laura 

203

KEYWORDS
Autophagy, BPAN, ChAc,
Rare diseases.

ing WIPI4) and CHAC (due to mutations in 
VPS13A). We utilize the model organisms 
Saccharomyces cerevisiae and Dictyostelium 
discoideum, as well as human cell lines, to 
recreate mutations, study the function of 
the involved proteins, and explore potential 
therapeutic strategies.

BPAN (beta-propeller-associated neurode-
generation). BPAN arises from mutations in 
the WDR45 gene, which encodes the WIPI4 
protein. We have been investigating the mo-
lecular function of WIPI4 and its homologous 
proteins in the model organisms Saccharo-
myces cerevisiae and Dictyostelium discoide-
um. A key objective was to understand how 
pathogenic mutations impact the molecular 
function of WIPI4 in terms of its localization 
and interactions with other proteins.

Study of proteins with a chorein motif:
the role of VPS13A 
Researchers involved: Escalante, Ricardo; Vin-
cent, Olivier; Navas, María de los Ángeles; Bueno, 
Miranda; Antón, Laura. 
This line of research focuses on the study of 
proteins with a chorein domain: ATG2 and 
the VPS13 family. These proteins share a 
similar tubular structure with a hydropho-
bic cavity, responsible for transporting lipids 
between membranes of different organelles 
at membrane contact sites. Our main goal 
is to understand how these proteins are re-
cruited to their target membranes and their 
role in autophagy and endo-lysosomal traf-
ficking. The human genome encodes four 
VPS13 proteins (A-D), and it was shown that 
the VAB domain is responsible for the as-
sociation of Vps13 with various adaptors in 
yeast. However, the adaptors for the other 
VPS13 proteins in mammals are still poorly 
characterized.
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Overview Telomere
Biology Disorders
Researchers involved: Fernández Varas, B.; Gui-
llen Morales, P.; Benitez Buelga, C.; Manguán-Gar-
cía, C.; Carrera Domínguez, C.;  Guerrero López, 
R.; Perona, R.;  Sastre, L.
Our group has been working for several years 
on rare diseases characterized by the exces-
sive shortening of chromosome’s telomeres. 
These diseases have been name as Telomere 
Biology Disorders (TBDs), telomere-short syn-
dromes or telomeropathies. Among them 
are Dyskeratosis congenita, aplastic anemia 
and idiopathic pulmonary fibrosis. Telomeres 
are nucleo-protein structures placed at both 
ends of the chromosomes that protect them 
from degradation and also from telomere-tel-
omere fusions. Telomere DNA is composed 
by repetitions of the TTAGGG sequence and 
is bound to proteins of the shelterin complex 
for protection. Maintenance of telomeres de-
pends on the activity of the telomerase com-
plex composed by a protein with reverse tran-
scriptase activity (TERT), a template RNA (TR, 
encoded by the Terc gene) and structural pro-
teins like dyskerin (DKC1). Mutations in genes 
coding for proteins of the shelterin or tel-
omerase complexes or auxiliary proteins are 
the genetic cause of TBDs. Our group works 
in several aspects of these life-threatening 
diseases that do not have any curative treat-
ment at the present time. Our contribution to 
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the prognosis of these diseases is the deter-
mination of telomere length in patient’s sam-
ples sent by many hospitals. This analysis is 
accomplished at the Telomeropathies service 
of the IIBM. In addition, we contribute to the 
search of causative mutations by whole ex-
ome sequencing of selected patients.Patho-
logical mechanisms are also studied using 
patient-derived cells and mice models of the 
diseases. In particular, we have developed a 
model based on a mice strain with telomeres 
of the same size as the human ones (CAST/
EiJ) that carries a pathogenic Terc mutation. 
These mice present phenotypes at the lung 
and the erythropoietic systems that resemble 
those of TBD patients. Finally, we are work-
ing in the development of a possible therapy 
based on dyskerin-derived peptides. We have 
presented several patents to protect these 
results and in 2023 we have presented a new 
one that protect the results recently obtained 
for one of these peptides.

Cutaneous Squamous Cell Carcinoma 
Researchers involved: Fernández Varas, B.; Be-
nítez Buelga, C.; Manguán-García,C.; Acero Ria-
guas, L.; Sastre-Perona, A.; Guerrero López, R.; 
Perona, R.; Sastre, L.
Cutaneous squamous cell carcinoma (cSCC) is 
one of the most frequent tumors. Fortunate-
ly, most of them have a very good prognosis 
but a small percentage develop resistance to 
the therapy and represent a significant chal-
lenge for the patients and the health system. 
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Our research is focussed on the possible role 
played the dual-specificity dual phosphates 
DUSP1 (MKP1) in these tumors. Dusp1 is ex-
pressed at low level in cSCC tumors and ex-
pression levels correlate with advanced tu-
mors and worst prognostic. Dusp1 mutant 
mice developed a larger number of cSCC than 
wild type animals upon DMBA/TPA chemical 
mutagenesis treatment. We are presently 
characterizing these tumors to determine 
the reasons behind their more aggressive be-

haviour. We are also generating conditional 
mutant mice that lack DUSP1 expression spe-
cifically at keratinocytes. In addition, cSCC cell 
lines where DUSP1 has been mutated using 
the Cas9/CRISPR technique have been gener-
ated. We hope that the analysis of these mod-
el systems using cell biology, genomic and 
transcriptomic techniques would give some 
insight on the role of DUSP1 in cSCC, the pos-
sible use as biomarker and/or therapy target 
molecule.
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Overview
The scientific activity of our group is centered 
on the identification of new genes responsible 
for rare developmental disorders and the study 
of the underlying molecular pathology through 
the analysis of cellular and/or animal models.

Ellis van-Creveld syndrome
and overlapping ciliopathies.
Ellis-van-Creveld syndrome is a rare autoso-
mal recessive chondro-ectodermal dysplasia 
primarily caused by mutations in EVC or EVC2. 
These genes encode two interacting proteins 
located at the base of the primary cilium that 
act as positive mediators of Hedgehog (Hh) 
signaling, an evolutionarily conserved inter-
cellular communication pathway that is critical 
for the development of the majority of verte-
brate organs. Our laboratory has an interest 
in improving knowledge on the biology of the 
primary cilium and on hedgehog signaling 
through the identification of new genes and 
genetic variants responsible for ciliopathies.
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Osteogenesis imperfecta
and bone fragility conditions 
Osteogenesis imperfecta (OI) is a bone-re-
lated disorder characterized by an increased 
risk of fractures. Most OI cases are caused by 
mutations in COL1A1 or COL1A2, which are the 
genes coding for the two polypeptide chains 
of procollagen type I. However, there is also 
a small fraction of OI cases that have muta-
tions in other genes. Our goal in this line of 
research is to identify new causes and molec-
ular mechanisms that lead to OI or to other 
forms of bone fragility.
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Overview
The main function of mitochondria is the pro-
duction of most of the cellular energy in the 
form of ATP. However, they are also involved 
in other essential processes at the level of the 
cell, tissue and organism such as lipid me-
tabolism, calcium buffering, apoptosis, the 
assembly of iron-sulphur clusters or the bio-
synthesis of nucleotides, cholesterol and ami-
no acids, etc. In addition, currently they are 
considered a central element in cell signaling 
and physiology.
 Mitochondria have their own genome 
(mtDNA), a small circular molecule encoding 
13 proteins, all of them structural subunits of 
the OXPHOS system, as well as 2 rRNAs and 
22 tRNAs necessary for their translation. The 
approximately 1100 remaining mitochondrial 
proteins are encoded by the nuclear DNA and 
are imported into the organelle. Mitochondri-
al biogenesis is a complex process leading to 
the formation of the suitable mitochondrial 
mass with a defined degree of differentiation 
to satisfy the energy needs of each cell type. 
This process requires a precise coordination 
of the expression of both genomes. An im-
portant aspect at this level is the complex 
machinery and processes responsible for 
mtDNA maintenance and decoding, which re-
quires the control of the replication to reach 
the precise copy number of molecules per 
cell, the almost complete transcription of 

both strands in two polycistronic RNAs and 
their processing, maturation and translation 
in the mitochondrial ribosome.
 Thus, mutations in nuclear or mitochon-
drial genes encoding proteins related to 
the OXPHOS system biogenesis cause the 
so-called mitochondrial diseases (MDs). Al-
though individually considered MDs are rare 
diseases, as a whole, they constitute the larg-
est group of inborn errors of metabolism. 
MDs are genetically and clinically very hetero-
geneous and can present phenotypes varying 
from a mild single symptom, such as deaf-
ness or exercise intolerance, to devastating 
syndromes incompatible with life.
 In our group, we are interested in stud-
ying the mitochondrial biogenesis in both 
physiological and pathological conditions. 
Specifically, we are carrying out several lines 
of investigation:

Line 1. Identifying new genes involved
in OXPHOS function using genomic
data mining. 
The Drosophila genome has proven to be a sur-
prising and highly valuable resource for iden-
tifying previously undescribed human genes 
involved in OXPHOS function. Once the associ-
ation of a newly identified gene with OXPHOS 
function is established, in collaboration with Dr. 
Miguel Ángel Martín Casanueva at the Instituto 
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de Investigación Hospital 12 de Octubre (i+12), 
these genes are included in the genetic screen-
ing of patients suffering an undiagnosed mito-
chondrial OXPHOS disease, with the objective 
of finding the causative genes.

Line 2. To characterize the molecular
mechanism of action of a reduced group
of proteins involved in the synthesis
of singular mitochondrial tRNAs.
Translation of mitochondrial mRNAs is full of 
surprises, you can find overlapping coding 
sequences, mRNAs without untranslated re-
gions, polyadenylated and non-polyadenylat-
ed mRNAs, a non-universal genetic code, lack 
of some aminoacyl tRNA synthetases forcing 
to develop alternative ways for tRNA synthe-
sis, etc. We are characterizing the singular 
pathway for the synthesis of the mitochon-
drial Gln-tRNAGln, whose functional defects 
provoke devastating phenotypes leading to 
death in the first weeks of life.

Line 3. To further understand
the relationship of mtDNA
and tumorigenesis.
 In the context of cancer, we intend to inte-
grate three major areas of action in the un-
derstanding of cancer and its translation 
to clinic and society: i) Extracellular vesicles 
(EVs; in collaboration with Dr. Rafael Prados, 
Dpt. Microbiology-UAM), ii) Cancer Stem Cells 
(which strongly rely on mitochondrial energy 

metabolism; in collaboration with Dr. Bruno 
Sainz, centro mixto IIBM Sols-Morreale UAM-
CSIC) and iii) mtDNA as a conditioning agent 
of tumorigenicity. 

Line 4. To integrate some of our basic
and biomedical findings to develop
zebrafish as a promising animal model
for the study of mitochondrial diseases.
The ability to replicate human diseases in an-
imal models provides valuable insights into 
disease mechanisms and helps in the devel-
opment of putative treatments. We aim to 
establish zebrafish (Danio rerio) as a model 
organism to study mitochondrial disorders. 
Specifically, in collaboration with Prof. Dr. 
Laura Sánchez Piñón of the ZebraBioRes Re-
search Group at the Universidade de San-
tiago de Compostela, we have generated 
a Danio rerio knock-out model of the mito-
chondrial translation factor c6orf203, which 
is being characterized.
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Overview
Hearing loss is pathological condition that, 
beyond its individual implications, holds a 
profound social importance in contemporary 
society and has become a global public health 
challenge that demands top priority. Hearing 
loss can have a profound impact on the quali-
ty of life for those who experience it. Commu-
nication is affected, which can lead to social 
isolation, difficulties in family and workplace 
interactions, and a decrease in participation 
in social activities. This can have a negative ef-
fect on the mental and emotional well-being 
of affected individuals.
 Apart from the increasingly prevalent 
age-related or injury-induced hearing loss, a 
significant number of diseases, and especial-
ly rare diseases, are associated with hearing 
loss of genetic origin, both in a syndromic or 
non-syndromic way.

We are interested in a multifaceted view of 
hearing pathophysiology, covering basically 
all the relevant aspects that contribute to nor-
mal hearing and, therefore, whose malfunc-
tion can lead to hearing disabilities, starting 
from the development of the inner ear, its 
normal function, and the different pathologi-
cal conditions that could affect it.
 To do so, we use different approaches, 
such as the genetic analysis of different hear-
ing loss conditions, in vitro molecular and 
cellular biology studies analyzing the phys-
iology of the major cell types implicated in 
hearing (hair cells, neurons and glial cells), ex 
vivo models using organotypic cultures and, 
finally, in vivo models using small rodents to 
pinpoint the causes of different hearing loss 
conditions and trying to find new ways of pre-
serving or restoring normal hearing.

Line 1. IGF-1 as a cochlear hair
cell pro-survival factor. 
IGF-1 is a peptide hormone belonging to the 
family of the insulin family of growth factors. 
IGF-1 is essential for normal embryonic and 
postnatal inner ear development and its ab-
sence or defective signaling leads to severe 
hearing loss in men and mouse models.
During this period, we have continued our 
studies about the mechanisms of action of 
IGF-1 and its implications on hearing.
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Hair cells are the specialized cells in charge 
of the mechano-transduction of the sound 
waves into electrical inputs in the cochlea. 
HEI-OC1 cell line can be manipulated to ac-
quire a proliferative progenitor or a quiescent 
differentiated hair cell phenotype, constitut-
ing the sole established cellular model for 
this cell type. We have found that IGF-1 signa-
ling is present in this cell type and that it plays 
a role as a central regulator of metabolic and 
oxidative homeostasis in sensory hair cells, 
acting as pro-survival autocrine factor.

Line 2. Cochlear redox homeostasis,
oxidative stress and inflammation.
Several ototoxic substances and conditions 
have in common the induction of a disbal-
ance in cochlear redox homeostasis, the gen-
eration of an oxidative stress situation and 
the induction of a cochlear inflammatory re-
sponse, which ultimately produces the death 
of distinct cell types in the inner ear, mainly 
hair cells as well as the spiral ganglion neu-
rons.
We are interested in determine how different 
ototoxic insults induce oxidative stress and/
or inflammation and, specially, in finding new 
ways to prevent or revert this homeostasis 
imbalance, as well as to minimize and repair 
the cellular damage that it could have been 
already caused.

1. DUSP-1 as a model of accelerated pres-
bycusis: implications on cochlear redox 
homeostasis. DUSP1, a MAP kinase phos-
phatase induced by stress stimuli to con-
trol the magnitude and extent of JUNK and 
p38 activation, appears to be a converging 
node for stress-related inflammation and 
oxidative stress pathways in the cochlea. 
DUSP1 contributes to redox homeostasis, 
inflammatory response and, consequent-
ly, to hearing preservation. More interest-
ingly, the administration of antioxidants 
to Dusp1 knockout mice mitigates the on-
set of hearing loss. We have continued to 
analyze the mechanisms of hearing loss in 
the DUSP-1 deficient mice as a model of 
accelerated presbycusis.

2. Age-related hearing loss and gut mi-
crobiota: As other age-related disorders, 
presbycusis share common mechanisms 
which often converge on low-grade chron-
ic inflammation known as “inflammaging”. 
Gut microbiota plays a central role in in-
flammaging because it can release inflam-
matory mediators and crosstalk with oth-
er organ systems. A proinflammatory gut 
environment associated with ageing could 
result in a leaky gut and the translocation 
of bacterial metabolites and inflammato-
ry mediators to distant organs via the sys-
temic circulation. 

Line 3. New therapies for hearing loss.
 All our studies are focused in finding new 
targets that could potentially be druggable in 
order to prevent or reduce hearing loss, ei-
ther by generating new molecules, repurpos-
ing already know drugs or by exploring new 
materials for drug delivery. In this regard, we 
are currently focused in:

1. Antioxidants as therapeutical agents 
in injury-induced hearing loss: We have 
already shown that nitrones, a family of 
small antioxidant molecules able to re-
duce oxidative stress by trapping reactive 
oxygen and nitrogen species, are able to 
reduce auditory injury after exposure to 
noise. In collaboration with Jose Luis Mar-
co Contelles (ICOG-CSIC) we have analyzed 
the ability of newly synthesized nitrones 
to act as potential therapeutical agents in 
hearing loss.

2. Newly formulated dexamethasone as 
a therapy for Lipopolysaccharide-in-
duced ototoxicity: Bacterial lipopolysac-
charide induces a strong inflammatory 
reaction in the cochlea and disrupts the 
blood-labyrinth barrier (BLB), leading to 
an increased cochlear permeability and 
hearing loss. We have explored the effect 
of a novel dexamethasone formulation 
for local (intratympanic) administration, 
in a rat model of lipopolysaccharide oto-
toxicity. We have found that single local 
administration of dexamethasone formu-

lated as SPT-2101 protects BLB functional 
integrity during endotoxemia, providing a 
novel therapeutic opportunity to treat dis-
eases related to BLB dysfunction.

3. Small penetrating peptides as thera-
peutic agents in injury-related hearing 
loss: Several injuries can produce hearing 
loss by a mechanism that involves neu-
ronal excitotoxicity. We have addressed 
the possibility that small penetrating pep-
tides that have proven to reduce excito-
toxic neuronal cell death in other contexts 
could also be capable of reducing cellular 
damage in the inner ear. We have found 
that these peptides can prevent the se-
vere noise damage-induced synaptopa-
thy, providing, thus, a new potential ther-
apeutic approach.

Line 4. Genetic causes of syndromic and 
non-syndromic hearing loss.
 Apart from the increasingly prevalent 
age-related or injury-induced hearing loss, a 
significant number of hearing loss cases are 
of genetic origin. In addition, other diseases, 
and especially rare diseases, are associat-
ed with hearing loss, both in a syndromic or 
non-syndromic way.
 The specific cellular and molecular mech-
anisms associated to each genetic hearing 
loss form are poorly understood. There are 
still many genes not identified and there are 
no sufficient experimental models for the 
study of those identified.
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During this period, we have focused our ef-
forts on collaborative studies to understand 
the relationship between gene mutations and 
hearing impairment:

1. Generation of a new animal model 
for the study of DFNB1: Non-syndro-
mic hearing loss and deafness (DFNB1) 
is the most frequent type of autosomal 
recessive non-syndromic hearing im-
pairment in most populations. DFNB1 is 
caused by different types of pathogenic 
variants or large deletions that remove 
an upstream regulatory element essen-
tial for the expression of GJB2, the gene 
encoding connexin-26. By using CRIS-
PR-Cas9 genetic edition, we have gen-
erated a murine model that reproduces 
the most frequent of those deletions. 
These homozygous mutant mice are vi-
able, bypassing the embryonic lethal-
ity of the Gjb2 knockout, and present a 
phenotype of profound hearing loss that 
correlates with specific structural ab-
normalities in the cochlea. This model, 
thus, constitutes a valuable tool to study 
the pathological mechanisms of DFNB1 
and to assay therapies for this disease. 

2. Finding new genes involved in FMD: 
Familial Meniere’s disease (FMD) is a 
rare polygenic disorder of the inner ear. 
Through exon sequencing from a large 

cohort of 94 Meniere disease patients, 
our collaborators found an enrichment of 
rare missense variants in the GJD3 gene 
when comparing allelic frequencies in 
FMD with the Spanish reference popula-
tion. GJD3 encodes the human connex-
in 31.9 (Cx31.9), whose mouse homolog 
Cx30.2 is expressed in the organ of Corti 
and vestibular organs, particularly in the 
tectorial membrane, the base of inner 
and outer hair cells and the nerve fibers. 

3. Generation of a new animal model for 
the study of autoimmune/autoinflam-
matory hearing loss DFNA34: DFNA34 
is an autosomal dominant form of post-
lingual, slowly progressive sensorineural 
hearing loss with variable severity and 
variable additional features. Some pa-
tients have pure hearing loss without 
significant additional features, whereas 
some patients have features of an au-
toinflammatory disorder with systemic 
manifestations, including periodic fevers, 
arthralgias, and episodic urticaria. The dis-
order results from abnormally increased 
activation of the inflammatory pathway 
due to gain-of-function mutations in the 
NLRP3 gene. By using CRISPR-Cas9 genet-
ic edition, we have generated a murine 
model that reproduces the heterozygous 
missense mutation described by Nakani-
shi et al. (2017).

Line 5. Vestibular schwannomas
and cellular senescence
Vestibular schwannomas are tumors of the 
peripheral nervous system originating from 
the Schwann cells that myelinate the cochle-
ovestibular nerve. They can be bilateral, usual-
ly linked to the NF2-related-Schwannomatosis 
(formerly known as neurofibromatosis type 
2 or NF2 syndrome) or, in the majority of in-
stances, appear as sporadic unilateral schwan-
nomas. Although they are benign and many 
are slow growing, they can provoke increasing 
nerve function loss and are usually accompa-
nied with hearing loss. If not removed, over 
time, they will provoke deafness and even 
become life threatening. Due to their slow 
growth rate, typical chemotherapy treatments 
are ineffective and surgical removal or radio-
therapy are the only interventions available. 
Due to their nature and localization, one of the 
collateral effects of this kind of interventions is 
the severing of the auditory nerve and, there-
fore, inducing deafness.
In collaboration with the department of Otol-
ogy in Hospital La Paz, we have generated a 
collection of tumors, including frozen sam-
ples for genomic, transcriptomic or morpho-
logical analysis, together with fresh samples 
to generate primary cultures. This is the first 
step in the characterization of tumors´ indi-
vidual variability in search of potential thera-
pies that could hinder tumor growth or pre-
vent their deleterious effects on hearing.
 

We are currently focused on the
following aspects:

1. Cellular  senescence  as  a target for schwan-
noma tumor growth: We have described 
that cellular senescence naturally occurs on 
vestibular schwannomas and that it could 
potentially be a target to impede its growth. 

2. Deciphering the molecular signature 
of vestibular schwannomas: We are 
using a multiomic approach to better 
characterize the nature of vestibular 
schwannomas and trying to understand 
the molecular basis of their different 
clinical manifestations. In this regard, 
we have already performed transcrip-
tomic and methylomic epigenetic anal-
ysis from a large cohort of vestibular 
schwannomas. Currently, we are ex-
ploring the implication of the different 
pathways that we have found that could 
be involved in the different clinical man-
ifestations of vestibular schwannom-
as, focusing on the molecular basis of 
hearing damage and tumor recurrence. 

3. Generation of organoid models for ves-
tibular schwannoma: We have gener-
ated spheroids from primary cultures of 
vestibular schwannomas. Further studies 
will be needed to validate their potential 
to test therapeutical agents.
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Overview
Our primary focus lies in characterizing the 
molecular mechanisms that ensure genetic 
stability. Our research philosophy aims to 
advance both the biochemical understand-
ing and the diversity and evolution of the 
proteins and mechanisms we study, along 
with their potential biotechnological appli-
cations. To achieve this, we concentrate on 
simple models, such as bacteriophages or 
bacterial genomic mobile elements, using a 
multidisciplinary approach that combines bi-
oinformatics, biochemistry, molecular biolo-
gy, and microbiology.
 We are particularly interested in the bi-
ochemical characterization of enzymes in-
volved in alternative mechanisms of DNA 
replication initiation or priming, independ-
ent of DNA primases. In the last years, we 
have made significant progress in under-
standing a new subfamily of PolB, known as 
piPolBs (“primer-independent PolBs”), which 
we described in 2017. The piPolBs are like-
ly the origin of replicative DNA polymerases 
from family B, such as human polymerases 
pol α, pol δ, and pol ε, among others. How-
ever, they exhibit unexpected properties, 
such as the ability to initiate replication de 
novo, without a pre-existing primer. In re-
cent years, we have concentrated on struc-
ture-function studies to dissect the molec-
ular mechanisms underlying each of the 

piPolB activities. Moreover, as detailed be-
low, we have addressed the biological role 
of piPolB and its application to develop new 
DNA amplification methods.

Developing of new methods
for whole (meta) genome amplification
Researchers involved: Mayoral Campos, Carmen; 
Mateo-Cáceres, Víctor; Redrejo-Rodríguez, Modesto
The unique features of piPolB suggest its ap-
plicability in isothermal DNA amplification, 
leading us to develop a novel method for 
whole (meta)genome DNA amplification with 
various biotechnological and biomedical ap-
plications (Ordóñez et al. 2023). Specifically, 
we have optimized a new isothermal multi-
ple displacement DNA amplification (MDA) 
method, known as piMDA, which combines 
piPolB with the superior processivity of 
Φ29 DNA polymerase (Φ29DNAP), enabling 
efficient and accurate whole genome and 
metagenome amplification. 
 High-deep sequencing of amplification 
product reactions indicated that piMDA sur-
passes commercial methods in amplifying 
genomes and metagenomes with high GC 
content, demonstrating superior perfor-
mance in terms of amplification bias, error 
rate, and variant identification. 
 However, piMDA, as expected in exponen-
tial amplification processes, sequence bias re-
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mains still higher compared to non-amplified 
control samples. Linear amplification reac-
tions might help achieve less biased sequenc-
es compared to exponential processes. Given 
the moderate processivity of piPolB, we hy-
pothesized that solo piPolB MDA reactions 
(piPolB-MDA) might produce amplification 
products with reduced sequence bias. The 
amplification rate in piPolB-MDA was low, 
with a high ratio of unidentified DNA se-
quences that could only result from ab initio 
DNA synthesis. Primer-less and untemplated 
ab initio DNA synthesis has been observed 
in various DNA polymerases since the 1960s 
and 1970s, though it has been a subject of 
debate and is often overlooked in scientific 
literature. Our current research aims to in-
vestigate the mechanisms of piPolB ab initio 
DNA synthesis to gain a better understand-
ing, reduce its occurrence in MDA protocols, 
and explore potential new applications of 
piPolB.

Escherichia coli piPolB promotes
survival of persister cells after
exposure to DNA crosslinking agents 
Researchers involved: Arredondo Lamas, J.J.;
Solar Venero, E., Mateo Cáceres, V;
Redrejo Rodríguez, M.
Previous results from our lab indicate that 
this polymerase might provide an evolu-
tionary advantage by increasing persister 
survival rate possibly by their interaction or 
collaboration with DNA repair mechanisms 

against genotoxic agents. Our results indi-
cate that piPolB does not contribute to re-
sistance against mitomycin C (MMC) or ni-
trogen mustard but to persistent survival, 
and that the protein expression is induced 
in the presence of distinct DNA replication 
blocking agents. While a mutant lacking 
piPolB (ΔpiPolB) showed reduced persistent 
survival compared to the wild type strain, 
the complemented ΔpiPolB+piPolB strain 
presents similar persistent survival ratios 
to wild type. Overall, our results support a 
biological role of piPolB in DNA damage tol-
erance and suggests its possible collabora-
tion with DNA repair pathways such as SOS 
response. We propose the study of piPolB 
participation along other DNA repair mech-
anisms through epistasis assays. Finally, the 
biological role of piPolB and its wide distribu-
tion among diverse bacteria paves the way 
for future research lines towards the devel-
opment of new treatments against resistant 
and persistent pathogens.

Prevalence and genomic
characterization of pipolins and
other mobile genetic elements
Researchers involved: Solar Venero, E;
Mateo Cáceres, V; Redrejo Rodríguez, M.
We conducted a comprehensive screening 
of pipolins in all available bacterial genomes 
in the Genbank database using ExplorePipo-
lin, a custom pipeline previously developed 
in our lab to identify and reconstruct pipo-

lins from draft genomes. The analysis indi-
cated that pipolins are integrative elements 
commonly flanked by direct repeats in Gam-
maproteobacteria genomes, often occupy-
ing integration hotspots of known mobile 
elements. Integrase dynamics correspond 
with alternative integration sites, enabling 
diverse lifestyles ranging from integrative 
to mobilizable and plasmid pipolins, as ob-
served in genera such as Limosilactobacillus, 
Pseudosulfitobacter, and Staphylococcus. De-
tailed examination of identified pipolins re-
vealed their role in maintaining antiviral de-
fense systems through frequent exchanges 
with other mobile genetic elements (MGEs). 
Consequently, pipolins serve as reservoirs of 
adaptive traits primarily related to defense 
functions. Pipolins exhibit a bimodular struc-
ture with various cargo genes and a minimal 
set of core genes, with a primer-independ-
ent DNA polymerase (piPolB) being the only 
universal hallmark. We propose that these 
MGEs, along with potentially overlooked el-
ements, form a novel superfamily within 
the bacterial mobilome, providing dynamic 
platforms for exchanging defense systems. 
These antiviral genes may be incorporated 
by ciMGEs, plasmids, and other gene transfer 
machinery-bearing elements, which benefit 
from the defense gene reservoir provided by 
pipolins and other mobile genetic elements.
 Additionally, in collaboration with Dr. 
Miguel de Vega’s laboratory (CBMSO), we 
examined the prevalence of the Escherichia 

coli insertion sequence-excision enhancer 
in enterohemorrhagic strains (Calvo et al. 
2023). Although IEE had been identified in 
the most pathogenic serotypes of E. coli, its 
biochemical features that might explain its 
role in IS excision remain unclear. Our find-
ings indicate that IEE is present in over one 
third of all available E. coli genome assem-
blies and is highly conserved and abundant 
within enterohemorrhagic, enteropathogen-
ic, and enterotoxigenic genomes.
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